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RESUMO

O desenvolvimento intensivo de equipamentos contribui para um impacto significativo no alto nivel de
competitividade de novas amostras, melhorando as tecnologias e a promessa de ideias consagradas, bem
como a intensidade dos recursos e o tempo de sua implementagdo. A relevancia deste trabalho cientifico
reside no fato de que, no processo de projetar sistemas de acionamento para guiar equipamentos de aviagao,
um dos elementos importantes é levar em consideragao as limitagdes do armazenamento de energia da fonte
de energia. O objetivo deste trabalho é desenvolver um modelo matematico de eficiéncia energética de
modulos mecatrénicos e fontes de energia para objetos méveis prospectivos. Uma abordagem integrada é
usada para estudar a influéncia de estruturas e elementos de dispositivos de armazenamento nas
caracteristicas de fontes de energia no interesse de encontrar maneiras de aumentar a eficiéncia energética de
todo o sistema de acionamento para orientar modulos mecatrénicos de sistemas de aviagdo em geral. Foi
determinado que, a fim de reduzir os parametros de tamanho de peso da fonte de alimentacao, o estabilizador
na se¢éo de energia, como regra, nao esta definido. Descobriu-se que as se¢des de poténcia e informagao dos
sistemas de acionamento diferem uma da outra em termos da estabilidade das coordenadas de energia. E
parémetros estabilizados (potencia, corrente) sdo necessarios apenas para o canal de informagdo. Com o
auxilio de dependéncias analiticas, os principais parametros da fonte primaria foram avaliados dependendo da
eficiéncia do consumidor, eficiéncia do estabilizador e eficiéncia da fonte de energia secundaria. Um método
para estudar a influéncia de elementos do canal de energia (poténcia) na poténcia de saida da fonte de energia
que os moédulos mecatrdnicos para objetos mdveis de aviagdo prospectiva (drives de aviagdo autébnomos,
misseis guiados, sistemas de para-quedas guiados) esta sendo desenvolvido.

Palavras-chave: modelo matematico, fonte de energia, eficiéncia energética, médulo mecatrbnico, canal de
poténcia.

ABSTRACT

Intensive development of equipment contributes to a significant impact on the high level of
competitiveness of new samples, improving technologies, and promise of enshrined ideas as well as resource
intensity and time of their implementation. The relevance of the scientific paper lies in the fact that in the
process of designing drive systems for guiding aviation equipment, one of the important elements is taking into
account the limitations on the power source energy storage. The purpose of the scientific paper is to develop a
mathematical model of energy efficiency of mechatronic modules and power sources for prospective mobile
objects. An integrated approach is used to study the influence of structures and elements of storage devices on
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the characteristics of power sources in the interest of finding the ways to increase the energy efficiency of the
entire drive system for guiding mechatronic modules of aviation systems in general. It has been determined that
in order to reduce the weight-size parameters of the power supply source, the stabilizer in the power section, as
a rule, is not set. It has been found out that power and information sections of drive systems differ from each
other in terms of the stability of the energy coordinates. And stabilized parameters (potential, current) are
necessary only for the information channel. With the help of analytical dependencies, the main parameters of
the primary source were evaluated depending on the efficiency of the consumer, efficiency of the stabilizer and
efficiency of the secondary power source. A method to study the influence of elements of the energy (power)
channel on the output power of the power source the mechatronic modules for prospective aviation mobile
objects (autonomous aviation drives, guided missiles, guided parachute systems) is being developed.

Keywords: mathematical model, power source, energy efficiency, mechatronic module, power channel.

AHHOTALIUA

VIHTEHCMBHOE pa3BUTUE TEXHMKM B MMPE CMOCOOCTBYET CYLLECTBEHHOMY BIIMSIHWIO HA BbICOKWUI YPOBEHb
KOHKYPEHTHOW CMOCOBHOCTM HOBbLIX 00pasuoB, YCOBEPLUEHCTBOBAHWE TEXHOMOrMn, M Ge3yCcrioBHO Ha
NepPCNeKTUBHOCTb 3aNOXEeHHbIX MOEN, a Takke peCypCOEMKOCTb M BPEMS UX peanun3auunn. AKTyanbHOCTb CTaTbu
3aKrnoyaeTcs elle M B TOM, YTO B MpoLiecce NPOEKTUPOBaHUS NMPUBOAHbLIX CUCTEM YMNpaBneHUsT aBUaLMOHHOWM
TEXHUKW, OOHUM M3 BaXXHbIX 3NIEMEHTOB SIBMSIETCS Y4YeT OrpaHMYeHUn Mo 3Heprosanacy UCTOYHWKA MUTaHUS.
Llenb ctatbm — paspabotaTtb MaTemMaTU4eckylrd MOAENb 3JHepreTuveckorm 3PAEKTUBHOCTU MeXATPOHHBIX
MoOyrneln M WCTOYHMKOB MUTaHMS LNsi MepCrnekTUBHbIX MOOUNbHbIX 0O0bekToB. B paboTe, Ha ocHoBe
KOMMMEKCHOro MnoaxoAa, NpPOBOAUNUCH WCCNEOOBaHUS BIUSIHUS CTPYKTYP W 3NIEMEHTOB HaKOMUTENbHbIX
YCTPOMUCTB Ha XapakKTEPUCTMKM WCTOMHWKOB SHEPronuTaHus B WHTepecax Moucka nyTel MOBbIWEHMWS
aHepreTMyeckon 9dPQEKTUBHOCTM BCEN NPUBOOHOM CUCTEMbI YMNPAaBIIEHUST MEXaTPOHHLIMU  MOAYISAMMU
aBMaLMOHHBIX cucTem B uenoM. OnpedeneHo, YTO C LUENbl YyMEHbLUEHUS MaccorabapuTHbIX MokasaTtenen
WCTOYHUKA 3HEpronuTaHus ctabunmusaTop B CWUMOBOW 4acTW, Kak MpaBuUio, HE CTaBUTCH. YCTaAHOBIIEHO, YTO
CunoBble M MH(OPMAUUOHHbIE YacTW MPUBOAHbLIX CUCTEM OTNMYalOTCA Apyr OT Apyra TpeboBaHusMM K
CTabunNbHOCTM SHEPreTUYEeCKMX KoopamHat. A cTabunuanmpoBaHHble napameTpbl (MoTeHumarn, Tok) TpebylTcs
TONbKO ANst MHOPMAaLMOHHOIO kaHana. C NOMOLLbIO aHaNUTUYECKUX 3aBUCUMOCTEN ObINi OLEeHEHbI OCHOBHbLIE
napamMmeTpbl NEPBUYHOFO MUCTOYHMKA B 3aBUCUMOCTM OT KOI((ULMEHTOB MONE3HOro OencTBus noTpeduTens,
cTabunusatopa M BTOPUYHOIO UCTOYHMKA NUTaHWUs. Pa3paboTaH MeTop MccrnedoBaHWsi BIUSIHUS 3NEMEHTOB
3HepreTMyeckoro (CUNOBOro) kaHana Ha BbIXOOHYH MOLLHOCTb MCTOYHMKA MUTAHWS MEXaTPOHHbLIX Moaynewn
NEePCMNEeKTUBHBLIX aBMALMOHHbLIX MOOMUIbHLIX OOBLEKTOB (aBMALMOHHblIE aBTOHOMHbIE MPUBOALI, YNpaBrsiemMble
pakeTbl, ynpaBrisieMble NapallloTHbIE CUCTEMBI).

KniouyeBble cnoBa: Mamemamu4yeckas  MOOEslb,
3aghghekmuBHOCMb, MexampOHHbIU MOOyrib, CUI080U KaHarl.

UCMOYHUK 3HepeoriumaHus, 3Hepeemu4yecKas

1. INTRODUCTION feature; they refer to systems with limited energy
resources. In most cases, when considering the
behavior of servo drives (SD), it is assumed that

their energy sources have an infinitely large store

A specific feature of all autonomous
mobile objects is the use of stored energy in the

power source to perform motion control tasks.
Obviously, the amount of this energy is limited.
Considering that an autonomous power supply
source has certain weight and size
characteristics, its energy storage capacity is also
limited (Gitin and Movchan, 2003; Amirgaliyev et
al., 2017). The main consumer of energy is the
drive control systems of flight (motion). The
structure of autonomous mobile objects
necessarily includes various drive systems, which
are the main energy consumers. Typically, these
are servo drives that are to guide moving
autonomous  objects. Drive  systems  of
autonomous objects are united by a common

of energy, and the only limitation existing in the
drive system is the limitation on the ultimate
dynamic possibilities. This approach to the
analysis and synthesis of servo drives leads to
the fact that when designing them, the real
characteristics of the power supply source are not
taken into account. Therefore the volume and
mass of the equipment of energy sources can be
overestimated (Andreev and Gridina, 2017).

The overestimation of the required energy
storage of the power supply sources does not
guarantee that in transient (dynamic) modes
when the external conditions are modified, for
example, when the ambient temperature
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changes, etc., there will not be a limitation due to
the limiting rate of change of the energy storage.

The problems of increasing energy
intensity, the stability of the output parameters of
the power supply source, associated with a
decrease in its mass and decrease in volume, are
one of the main tasks of designing prospective
autonomous objects, largely determining the
possibility of creating a new type of guided
product (Gridina and Andreev, 2017).

In the process of designing drive systems
for guiding aviation equipment, in particular with
autonomous power supply (aviation autonomous
drives, guided missiles, guided parachute
systems, etc.), one of the important elements is
the limitations on the power source energy
storage to be taken into account. Physically, the
limitations on the power source energy storage
are manifested not only by the maximum
available values of the moment-kinematic
coordinates of the operating mechanism of the
drives but also by their change (decrease) over
time of the system operation.

In the dynamics, limited power source
energy storage leads to the deterioration of the
main characteristics of the drive control system: it
reduces operation speed, reduces bandwidth,
etc. In connection with the above, this scientific
paper examines the influence of structures and
elements of storage devices on the
characteristics of power sources in the interest of
finding ways to improve the energy efficiency of
drive systems in general.

2. THEORETICAL OVERVIEW

It is known (Metrikin and Pasel, 2014;
Makarenko et al., 2014; Pan et al., 2014;
Makarenko et al., 2015; Gerashchenko et al.,
2015; Formalev et al., 2015; Kolesnik et al., 2015;
Formalev et al.,, 2016; Formalev and Kolesnik,
2016; Okonechnikov et al., 2016; Prokofiev et al.,
2016; Formalev and Kolesnik, 2017; Babaytsev
et al., 2017; Lurie et al., 2017; Kakhramanov et
al., 2017; Kurbatov et al., 2018; Astapov et al.,
2018; Bulychev et al., 2018; Rabinskiy and
Tushavina, 2018; Formalev and Kolesnik, 2018a;
Formalev and Kolesnik, 2018b; Rabinskiy and
Tushavina, 2018; Bulychev et al., 2018; Formalev
et al., 2018a; Formalev et al., 2018b; Formalev et
al., 2018c; Formalev and Kolesnik, 2019;) that
the servo drive system can be represented as a
set of energy converters. The first group of
converters is used to extract and process input
signals and to form an algorithm for controlling
the servomotor — these are the so-called

elements (receivers) of the information channel.
The second group of energy converters is used to
amplify the control signal generated by the
information part, and convert it into the drive's
operation — these are energy (power) channel
converters. Typical functional diagrams of drive
control systems are shown in Figures 1 and 2.

In order to ensure the stability of the
characteristics of the power supply source (PSS),
stabilizers of its output parameters are used.
Independence of energy coordinates (stability of
energy characteristics) in autonomous power
supply sources is provided by:

- the inclusion of stabilizers of the energy
coordinate between the source and the
consumer;

- the use of a stabilization system based
on the implementation of the principles of
automatic control according to the output
coordinates of the power source.

Stabilization of the energy coordinates
practically eliminates the mutual influence of the
power supply source and the consumer.
However, since any process of energy
consumption is inherently dynamic in its physical
nature, the constancy of the energy coordinate is
largely determined not only by the dynamic
properties, but also by the inevitable excess of
the energy incoming from the power source over
the energy consumed, i.e. associated with
additional energy costs (Makarenko et al., 2014;
Ono et al., 2011; Korshunov et al., 2017).

And still, stabilizers have their
unsatisfactory features (Metrikin and Pasel, 2014;
Evers et al., 2015):

- only in the case of slowly changing
processes of pulsation of one energy coordinate,
stabilizers can provide high-quality regulation
(stabilization) of another energy coordinate;

- impact on the dynamics of the system's
dynamic properties of voltage stabilizers with
impulse voltage surges at the input to the
stabilizer, which is observed when starting and
stopping the operating mechanism of the drive,
leading to the occurrence of “self-oscillations”
(Metrikin and Pasel, 2014; Bugakov et al., 2012).

In order to reduce the mass and
dimension parameters of the power supply
source, a stabilizer in the power section, as a
rule, is not installed. In connection with this,
during the operation of the energy channel, its
interrelation with the information channel through
the power supply source is observed. The mass
and dimension parameters of the power supply
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source are determined by the power and energy
consumed by the autonomous drive control
system (ADCS). The entire power channel of the
autonomous drive control system is analyzed in
order to select its structure that is the most
efficient in terms of energy costs. Let us analyze
the influence of the energy channel elements on
the mass and dimension parameters of the power
supply source on a step-by-step basis.

3. MATERIALS AND METHODS

The analysis of the influence of the
energy channel elements on the mass and
dimension parameters of the power supply
source is carried out using prospective plans of
power supply sources, control algorithms that
minimize energy consumption, which allow
saving energy in drive control systems for
autonomous moving objects.

The research method is complex, which is
characterized by the simultaneous use of general
principles of mathematical analysis, methods of
the theory of ordinary differential equations,
optimal control theory, point to point
transformations, methods of the theory of
electrical, electromechanical systems combined
with computer simulation and experimental
research of drive systems.

To solve this problem, the methods of the
theory of automatic control, mathematical
physics, methods of optimal design, and
mathematical programming are also used. In
constructing mathematical models, numerical
methods for solving systems of algebraic and
differential equations, matrix and topological
algorithms for constructing mathematical models,
and also the theory of signal graphs for the
synthesis of the strength and deformation
characteristics of the drives were used.

4. RESULTS AND DISCUSSION:

The energy channel of mechatronic
modules of prospective aviation mobile objects (a
functional diagram of a drive control system is
shown in Figure 1) consists of a primary power
supply source (PSS), static power amplifier (SPA)
and operating mechanism (OM), see Figure 3.

Let us estimate the coefficient of

performance of the energy channel 7 xci (see
Figure 3) through its output and dissipation power

of the elements, or through their coefficient of

performance, as Equation 1. Let us define "70M

and 77574 as Equations 2, 3, 4, 5. The distribution
of the output power of the power supply source of
the autonomous drive control system (see Figure
3) is represented in the form of a diagram shown
in Figure 4.

If stabilization of the energy coordinates is
used in the energy channel of the autonomous
drive control system, the scheme will have the
form shown in Figure 5. The expression of the

coefficient of performance of the stabilizer st
can be written as Equation 6. Then the
distribution of the output power of the power
supply source to ensure the operation of the
autonomous drive control system (see Figure 5)
is shown in the diagram (see Figure 6).

From Equations 2, 3, 4, 5, we determine
the power dissipated in the stabilizer, static power
amplifier, and operating mechanism (Equations 7,
8, 9). Based on Equations 3, 4, 5, 6, we
determine the total power of P, consumed by

the energy channel of the autonomous drive
control system, and equal to the power of the
power supply source Equation 10. Let us
estimate the coefficient of performance of the

energy channel Tec2 of the autonomous drive
control system (see Figure 5) through its output
and dissipation power of the elements, or through
their coefficient of performance, as Equation 11.

According to the expression, we construct

the dependence Nec2=FIst) | e Figure 7.

When the autonomous drive control system is
powered by the secondary power source (SPS),
the functional diagram of the energy channel has
the form shown in Figure 8. The expression for
the coefficient of performance of the secondary

power source Tsps has the following form

Equation 12.

Then the distribution of the output power
of the primary power supply source to ensure the
operation of the autonomous drive control system
(see Figure 8) is shown in the diagram (see
Figure 9). From the Equations 3, 4 and Equation
8, we determine the power dissipated in the
secondary power source, stabilizer, static power
amplifier, and operating mechanism (Equations
13, 14, 15, 16). Based on Equations 3, 4, 8 and

Equation 9, we determine the total power of Pm,

consumed by the energy channel of the
autonomous drive control system (see Figure 8),

Periédico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

532


http://www.periodico.tchequimica.com/

and equal to the power of the primary power
supply source, as Equation 17

the

performance of the energy channel 77, 5 of the

autonomous drive control system (see Figure 8)
through its output and dissipation power of the

elements, or through their coefficient of
performance, as Equation 18. According to
Equation 11, we construct the dependence

Nees = f(’]SPS)

Let us estimate coefficient of

, see Figure 10.

5. CONCLUSIONS:

According to the dependencies that
found the graphical display in Figure 7 and
Figure 10, it can be concluded that when the
stabilizer and the secondary power source are
included in the energy channel, the power
consumption increases and, as a result, the
energy storage from the power supply source of
the autonomous drive control system increases
as well. Consequently, the mass and dimension
parameters of the primary power supply source
deteriorate since to compensate for losses in the
stabilizer and in the secondary power source, it is
required to increase the power and, therefore, the
mass and dimension parameters of the primary
power supply source.

The developed method of studying the
influence of the energy channel elements on the
output power of the power source shows that
using the obtained expressions for the coefficient
of performance in connection with the power and
dependencies consumed by each element (see
Figures 7, 10), it is possible to choose the
structure of the autonomous drive control system
for aviation equipment that is rational in respect

of the minimum energy consumption.
Furthermore, in connection with the power
consumed by each element using mass

dependencies of the power supply source on the
power and energy consumption, it is possible to
determine the mass and dimension parameters of

the power supply source ( "»ss and "#ss) of the
drives of control systems for aviation mechatronic
modules.

The power and information parts of the
drive systems differ from one another in the
requirements for the stability of the energy
coordinates. Stabilized parameters (potential,
current) are required only for the information
channel. A characteristic feature of the
information channel is that it is a load of
approximately constant power consumption in

relation to the power supply source.

In order to eliminate the mutual influence
between the information and power parts of the
autonomous drive control system channels, as
well as to equalize the current surges of the
consumer, it is necessary to include the energy
storage between sources and channels.

In cases where the primary power supply
source is a chemical current source, even
ensuring the operation of the autonomous drive
control system in the mode of small discharge
currents is not a guarantee that in the transitional
regimes the mutual influence of the energy and
information channels will be excluded, especially
when the ambient temperature changes. In
practice, since the energy consumption of the
information channel is substantially less than the
energy consumption of the power channel, then a
separate power supply source shall be installed
in order to power the information part.

Studies of traditional power supply
sources of the autonomous drive control system
have shown that, from the standpoint of their own
energy consumption, the main disadvantage is
the presence of stabilizers, especially in the
secondary power source. Firstly, it significantly
reduces the total coefficient of performance of the
power supply source. Secondly, due to the
increase in the power and stored energy of the
primary power supply source, it's mass and
dimension parameters deteriorate.

The analytical dependences obtained in
this scientific paper allow us to estimate the main
parameters of the primary power supply source
depending on the coefficient of performance of
the consumer, the coefficient of performance of
the stabilizer, and the coefficient of performance
of the secondary power source.
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Figure 1. Functional diagram of the drive control system when powered by a primary power source,
where PES — primary energy source, SPA — static power amplifier, Pes — energy source output power,
Pc — power required to control, Pspa — output power of static power amplifier, Pom — output power on
operating mechanism takeoff shaft, ST — stabilizer of output energy coordinates of primary energy

source
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Figure 2. Functional diagram of the drive control system when powered by a secondary power source
(SPS)

P PSPA POM
T]PSS 285 » nSPA . ™ T]DM . ” L
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Figure 3. Diagram of energy conversion in the power channel of the autonomous drive control
system, where 7pss and Ppss - coefficient of performance and output power of the power supply
source, nspa and spa — coefficient of performance and output power of the static power amplifier,
dis
SPA - power dissipated in the static power amplifier, 7om and Pow - coefficient of performance and
dis
dissipated power of the operating mechanism, =~ OM - power dissipated in the operating mechanism,
L — load on the output shaft of the operating mechanism
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Figure 4. Diagram of power distribution from the power supply source using the static power amplifier
— operating mechanism system
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Figure 5. The scheme of energy conversion in the power channel of the autonomous drive control
system taking into account the stabilizer (ST), where 7pps and Peps - coefficient of performance and
output power of the power supply source, 7st and Psrt - coefficient of performance and output power of

dis
the stabilizer, = 3P4 — power dissipated in the stabilizer, 7spa and Pspa — coefficient of performance
dis
and output power of the static power amplifier, = 34 — power dissipated in the static power amplifier,
dis
nom and Pow - coefficient of performance and dissipated power of the operating mechanism, = OM —
power dissipated in the operating mechanism, L — load on the output shaft of the operating
mechanism

Figure 6. Diagram of power distribution of the power supply source in the energy channel of the
autonomous drive control system of the stabilizer — static power amplifier — operating mechanism type
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Figure 7. Dependence diagrams M52 = (sz) , where 1 — diagram 771 while nsea = 0,8; now = 0,7;

2 — diagram 772 while nspa = 0,8; now = 0,8; 3 — diagram 7173 while nsea = 0,9; Now = 0,7; 4 — diagram

174 while nsea = 0,9; nom = 0,8; 5 — diagram 775 while nsea = 0,95; nom = 0,7; 6 — diagram 776 while
Nsea = 0,95; nom = 0,8.
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Figure 8. The scheme of energy conversion in the power channel of the autonomous drive control
system when powered by the secondary power source with the output power — Psps, dissipated power

P dis ,7
— = §P5 | coefficient of performance — '/ SPS
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Figure 9. Diagram of power distribution of the primary power supply source in the energy channel of
the autonomous drive control system of the secondary power source — stabilizer — static power
amplifier — operating mechanism type
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0,8, now = 0,7; 2 — diagram 772 while nspa = 0,9; nst = 0,9; nom = 0,7; 3 — diagram 773 while nspa =

0,95; nst = 0,95; now = 0,7; 4 — diagram 7174 while nsea = 0,8; nst = 0,8, now = 0,8; 5 — diagram 175
while nsea = 0,9; nst = 0,9; nom = 0,8; 6 — diagram 776 while nspa = 0,95; nst = 0,95, now = 0,8.

Figure 10. Dependence diagrams Mgz = . , where 1 — diagram 771 while nsea = 0,8; nst =
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P = Foy
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(Eq. 18)
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