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RESUMO

O ritmo atual da economia global reguer um aumento significativo na produgéo de energia. Ao mesmo
tempo, as reservas de combustiveis naturais tradicionais, como gas natural e petréleo, estdo sendo
gradualmente esgotadas. Portanto, @genergia tradicional estd sendo substituida por alternativa. O
desenvolvimento da tecnologia de operacaodos dispositivos que garantem o funcionamento de empresas de
energia alternativa baseia-se no fafo de que a confiabilidade desses dispositivos deve estar no nivel das usinas
de energia tradicionais. Cada‘dispositivo deve nao apenas ser tolerante a falhas, mas também facil de manter.
Geralmente, sdo consideradosydispesitivos portateis e independentes, capazes de gerar energia sem
manutengado excessiva dogequipamenito pelo servigo técnico. O artigo objetivou resolver o problema do uso de
energia edlica em uma areafremota. O principal método de pesquisa foi a analise da teoria dos graficos. A
novidade da pesquisa'é determinada pelo fato de oferecer a formagdo de um modelo que atenda aos padrbes
de funcionamentodno nivel dos maiores modelos industriais usados em energia alternativa como um dos
objetos da produgao‘pura de energia. Uma usina de geragao de energia edlica € usada como uma instalagao
semelhante. Foi revelade que esse problema deve ser considerado apenas desde que essa instalagdo produza
energiagem Uma quantidade nio inferior a uma amostra semelhante de uma fonte de energia tradicional em
consumo|por cansUmidores industriais e padrdo. A importancia pratica do estudo é determinada pelo fato de
quejcada umidos tipos de instalagdes projetados possa operar em quase todas as condigdes e ter alta
tolerancia a falhas.

Palavras-chave: energia, consumo, padrdo, desenvolvimento, fonte de energia alternativa.
ABSTRACT

The current pace of the global economy requires a significant increase in energy production. At the
same time, the reserves of traditional natural fuels, such as natural gas and oil, are gradually being depleted.
Therefore, conventional energy is being replaced by an alternative. Developing the operation technology of the
devices that ensure the functioning of alternative energy enterprises is based on the fact that the reliability of
such devices should be at the level of traditional power plants. Each device must be not only fault-tolerant but
also easy to maintain. It is often considered to be portable and self-contained devices capable of generating
energy without excessive maintenance of the equipment by the technical service. The article aimed to solve the
problem of using wind energy in a remote area. The leading research method was graph theory analysis. The

Perioédico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°34)
Downloaded from www.periodico.tchequimica.com

976
DOI: 10.52571/PTQ.v17.n34.2020.997_P34_pgs_976_997.pdf



novelty of the research is determined by the fact that it offers the formation of a model that will meet the
standards of functioning at the level of the most significant industrial models used in alternative energy as one of
the objects of pure energy production. A wind power generation plant is used as a similar facility. It was
revealed that this issue should be considered only provided that such a facility will produce energy in an amount
of not less than a similar sample of a traditional energy source in consumption by both industrial and standard
consumers. The practical significance of the study is determined by the fact that each of the designed types of
facilities can operate in almost any conditions and have high fault tolerance.

Keywords: energy, consumption, standard, development, alternative energy source.

AHHOTALUA

COBpeMeHHbIe TeMnbl pPas3BUTUA MI/IpOBOIZ QKOHOMUKN Tpe6y+0T 3HaAYNUTENbHOrIO ¢ yBenm4eHuna
npon3BoacTea 3HEPrun. BmecTte c TeM, 3anacbl TpaAULUMOHHbIX €CTEeCTBEHHbIX BMOOB TOMJIMBA, TakKnUX KakK
NPUPOAHLIN ra3d u HedTb, MOCTENEHHO MUCTOLWaTCA. [03TOMY Ha CMeHY TPaAWULMOHHOMSHEPFETUKE NPUXOaUT
anbTepHatMBHas.  dopmMupoBaHWe  TexHomormm  paboTbl  YCTPOWCTB,  KOFOpsle, obecmeumBaroT
(PYHKUMOHUPOBaHME MpeanpuaTUA  anbTepPHAaTUBHOW SHEPreTUMKOW, OCHOBaHO Ha TOM, H§0), HaAEXHOCTb
NnoJoOHbIX YCTPOWCTB [OIPKHA ObiTb Ha YpPOBHE TPaOUUMOHHBIX 3HepreTyecknx YeraHoBoK. Kaxgoe
YCTPOWCTBO AOIMKHO ObITh HE TONBKO OTKA30YCTOMYMBBIM, HO TakkKe U ABMASTLCS NPOCThIMAANS 00cnyxnBaHus. B
KayecTBe MOAOOHOrO YCTPOWMCTBA 3a4acTyld paccMaTpuBatloTCs MOPTAaTUBHLIE WM aBTQHOMHbIE YCTPOWCTBA,
cnocobHble BbipabaTbiBaTb 3Hepruto 6e3 ypeamepHoro yxopa 3a obopyaoBaHUEM CO CTOPOHbI TEXHUYECKON
cnyx0bl. Llenbto ctaTby SBNSANOCH peLleHne 3adayv UCMoNb30BaHUS 3HEPTAW BETpa B OTAANIEHHOM paloHe.
Begywmm metogoMm wuccriegoBaHus Obin aHanu3 ¢ Momolubio Teopun apadoe. HoeusHa wuccnegoBaHust
onpegensieTcs TeM, YTO MNpeanoXkeHo dOpMUMpoBaHMEe Mogenu, ‘KoTopag4/bynetr oTBeyaTb CTaHZapTam
(PYHKUMOHNPOBAHMSA Ha YPOBHE KPYMHEMWLUMX NPOMbILIMEHHBIX MOAENeNn, MPUMEHSEMbIX B anbTepHaTMBHON
SHEpreTMke B Ka4yecTBe OAHOMO UX OOBLEKTOB BbIpabOTKM 3JHEpPruvlsncToro Tuna. B kavectBe nopgoGHoro
ob6bekTa UCMNonb3yeTcs YCTaHOBKA BETPOBOrO MPOM3BOACIBA W8Heprun. bBbino BbISBNEHO, 4TO crepyet
paccMaTpvBaTb [AaHHbIA BOMPOC TOMBKO MpY YCrOBWUM TOrO, 4ro feaobHas ycTtaHoBka OyneT npou3BOaUTb
SHEPIN0 B KONMMYECTBE HE MeHbLleM 4Yem nofg0BHbIA \,00pasey TpagWMUUOHHOIO WCTOYHMKA 3JHEprun B
noTpebneHnn Kak MNPOMbILUMEHHbIMW, Tak W CTaHAAPTHbIMKM noTpebuTenamu. pakTuyeckasi 3HAYUMMOCTb
uccrnegoBaHusa  onpegensietca  TeM,  4TO Ckaxabi W3  NPOEKTUPYEMbIX BWMOOB YCTAHOBKM  MOXET
OYHKUMOHMPOBATL NpaKTUYECKU B NOObLIX YCNOBUSXM 065jaaaTh BbICOKON OTKA30yCTOMUYMBOCTbIO.

KnioueBble cnoBa: sHepausi, mompebneHué,cmaHdapm, pa3gumue, anbmepHamugHbIl UCMOYHUK SHepauU.

1. INTRODUCTION: operational demands are not fulfilled. However,

diesel units guarantee reliability and long service

The most common method of generating
electricity for remote loads, both¥in areas and for
special applications, isiaddiesel engine driving a
generator set (Beinke et“als#2017; Heredia et al.,
2018; Ballireddy“andmiodi, 2019). For small
loads, a single“diesehunit will be sufficient, but a
more significant number of diesels will be needed
for @ larger group of consumers (Zheng et al.,
2015; Zhanget al., 2018; Zhang et al., 2019).

It s recommended to wuse diesel
generators with a minimum load of not less than,
usually, 40 percent to maintain high efficiency
(efficiency), since fuel costs can be significant,
which will be expensive, and to minimize machine
wear (Kaiser and Snyder, 2012a; Bukar et al.,
2019; Rehman et al., 2019). However, given that
the load is continually changing and the need to
match the load, in many areas, you can find
diesels that have the appropriate capacity or are
inefficiently used (Chakraborty, 2018). This quite
often happens with diesels, for which the

life (Hau, 2013; Hong et al., 2018; Chen et al.,
2017; Can, 2019).

Energy costs tend to be high, often many
times higher than for higher-capacity networks
(Grigorash et al., 2014; Krasnobaev et al., 2018;
Obukhov et al., 2018). Low efficiency is a result
of the high cost of diesel fuel, including
transportation costs, which are often the
dominant factor, and operating and maintenance
costs, as diesel systems are usually installed in
remote areas. The main advantage of diesel
systems is that they are highly reliable (Yang et
al., 2013; Sujith and Ramesh, 2017; Dai et al.,
2019).

The critical point is that despite the
reliability of diesel-electric systems, the energy
produced by them has a high cost. This ratio is
unlikely to change in the future, with costs likely
to rise (Miller and Keith, 2018; Finn and
Sandeberg, 2019). The nature of the electrical
load in remote areas is of crucial importance and
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largely depends on the type of electric machine in
the system (Chemekov and Kharchenko, 2013;
Grigor'ev et al., 2019; Grigoriev et al., 2019).

Two factors are affecting the system:
variability of electrical load; quality of the energy
consumed, or “stability” of the network. In the first
case, the total load tends to change more or less
regularly throughout the day, often peaking
during regular working hours and falling to a
minimum early in the morning. In addition to the
gradual change, there are also fluctuations of
much shorter duration caused by the switching on
or off powerful electrical equipment. The load can
also vary significantly by day of the week or
depending on the season of the year. From an
economic point of view, it is necessary to know
whether the annual change in wind energy
potential corresponds to the change in load or
there is a significant inconsistency. In the first
case, the full potential of wind energy can be
used (Tereshkin, 2018; Devederkin et al., 2019).
However, the downside of this will be the need to
operate the diesel at low load. In case of
incomplete compliance, there may be a situation
of some advantage for individual systems, so
diesel can be better loaded when the need for
loads is high, although the downside may be the
high cost of diesel fuel.

The second factor — “sustainability”
applying — is slightly less obvious, hut highly
relevant. To properly feed the most potent load,
the voltage and frequency of the cuffent must be
within the appropriate limits (PefZzhabinsky and
Karamov, 2017; Semenyutina et Yal, 2019;
Rodina, 2019). Fulfilling this condition is usually
not tricky when only diesel, generators are used.
When other sources ©f energy, such as wind
turbines, are added toithe system, the task is
more complicated. This 1S caused primarily by
short fluctuatiens(of th€ order of seconds or
minutes) in they wihd speed, which causes
corresponding changes in the generation of
eleétricity fromathe wind energy (Nizeti¢ et al.,
201%;, Sabirjet al., 2019). The ability to account
for these fluctuations is a requirement for any
wind-diesel system (Essallah et al., 2019; Ochoa
and Martinez, 2019).

There are three areas of application of the
autonomous power plant: for specialized
applications in remote areas, e.g.,
communications, irrigation, for remote regions of
industrialized countries and islands, local power
plants in developing countries (Sebastian, 2017;
Sivachandran, 2017).

Each has its unique requirements; for

example, the system reliability may be a more
valuable property than the cost of energy for
systems managed automatically (Deltenre and
Runacres, 2019; Fernandez-Guillamén et al.,
2019; Rabanal et al., 2019). While consumers in
industrialized areas expect high levels of energy
quality, suitability, and competitiveness, ease of
maintenance is a critical factor for the consumers
in the countries that are in the process of
development (Tsgoev, 2012; Dekkiche et al.,
2017; Rudenko et al., 2019).

The article aimed to solve the problem of
using wind energy in a remote area.

2. LITERATURE REVIEW:

To solve the problemgof using wind energy
in a remote area, it s necessary to compensate
for the variability of the wind, which can be done
with the helpgofia diesel generator. Such a
system would{take advantage of the free wind
resource, savinggg@ certain amount of fuel
consumgption,’\ and would supply energy on-
demand, following the load of the consumer.
Ideally, diesel could be used to provide a steady
supply“ef energy in low wind, and WDPP could
be“used to save diesel when the wind power is
sufficient (Wang and Bai, 2010).

The nature of wind energy has a
significant impact on the overall efficiency, as well
as on the organization of any wind-diesel system.
The most significant aspect of this system is wind
variability, which occurs over time, ranging from
long — term changes (hourly to seasonal) to
short-term turbulent fluctuations (seconds to
minutes) (Morales Pedraza, 2015). Considering
long-term changes, it would be desirable from an
economic point of view that the wind speed in the
long-term periods corresponds to the load.

While the correspondence between long-
term changes in wind power and load can
significantly affect the economy of the system,
short fluctuations have the most significant
impact on the design of the system. Most tasks
with a simple combination of wind and diesel are
reduced to adapting to this level of wind
variability. Wind changes rapidly, leading to
significant changes in the energy potential of the
system (Tang et al., 2017). This means that the
amount of electricity that is affected by changes
in a moderate time interval (such as an hour) can
be much less than the average of the same
range. Through the random nature of wind
oscillations, reliable absolute minimum energy
values can be guaranteed, although the
probability of exceeding and most optimal levels
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can be calculated (DeMeo and Steitz, 1990).

Since wind power is continually changing,
diesel power also needs to be further modified to
provide electricity to a relatively constant load.
While the maximum of instantaneous wind
energy is less than the load, the required level of
energy can be expected from WDPP. WDPP will
act as an unwanted load. Thus, in the scope of
the diesel, the load will be less than the available
wind energy. In addition to wind variability, the
load itself can directly change over short time
intervals. In much smaller systems, turning on or
off any single device significantly affects their
operation. When wind power exceeds the load
capacity, the management of the system
becomes even more complicated (Kaiser and
Snyder, 2012b).

However, if the load is not always less
than the energy supplied by the WDPP, the
diesel should not be in the off state for a long
time, because wind energy will sometimes fall to
a level below the ability to provide the load.
Trying to stop the diesel every time the wind
power is above some level will result in having to
turn the diesel on and off perhaps hundreds of
times per hour. Such a strategy is not acceptable:
This would lead to excessive deformation of the
engine and starter motor, possibly resulting in
their shorter service life (Tanasheva et al., 2018).
The pulse ratio could be aligned with some on
and off strategy, but this would be at the'expense
of increased fuel consumption. In“practice, the
desirability of maintaining a mipiMuam operating
time also complicates the problem. It'should also
be noted that rapid load changes, _especially in
small networks, can havega, similar and, at times,
more severe effect than ghe effect of variable
wind energy (Minin, 2012).

Among the' autonomous power supply
systems basedy onWDPP with asynchronous
generator gemprises, in addition to the facility, the
control unit ofygenerator start, battery pack with
charge controller, inverter equipment, diesel-unit
with\@ synchronous generator as a backup
source,“and a power matching output parameter
of the system with the needs of the consumer.
Depending on the production conditions, these
component blocks can assemble block diagrams,
working separately or in parallel to meet the
needs of the consumer.

3. MATERIALS AND METHODS:

A simple method of integrating wind
energy into a diesel system is to connect the
WDPP to the grid in the same way as to a

massive power grid. Ideally, the operation of such
a system is simple. When there is wind, the
payload on the diesels is reduced and, if the wind
force is strong enough, the diesel can be turned
off altogether. When the desired significant fuel
economy is achieved, the system should already
contain additional components and control
systems. It should be borne in mind that, in most
cases, one of the key points is to reduce the
overall cost of electricity production. Thus, the
fuel economy should not be achieved at the
expense of a significant increase in the value of
the entire system (Conzalez-Rodriguez et al,
2010).

It was analyzing the gtructural schemes of
autonomous power supply. systemsibased on the
wind-diesel  system £ and, “determine the
dependence of the doad*intensity of the power
supply channel of the,consamer on the degree of
its capacity. leet's, consider the variants of
structural schemes formed with such a set of
components (Figurest).

Sueh, problems can be analyzed using
graph theory. The algorithm of functioning of this
system, asja set of dependencies, determines the
necessary performance of a given process of
providing energy to the consumer, we consider
with the help of oriented graphs of these
structures (Figure 2). The nodes of the graph are
the structural components of the system. Ribs —
energy flows between nodes, X1 — the flow of
wind energy, X2 — the flow of traditional power
(fuel), X3 — the flow of energy from batteries, Y1-
the flow of energy needs to the consumer.

The following mathematical methods were
also used during the study: linear equations,
Erlang equation, probability theory, theory of
automatic control, Routh table, etc.

Transformation of energy flows in the
system to meet the needs of the passing
consumer: according to A (Equation 1), according
to B (Equation 2), according to C (Equation 3).
Provision of the consumer passes through two
interconnected channels. The first is a wind
power plant; the second is a diesel generator. In
the absence of wind, the provision of the
consumer is made at the expense of only the
diesel generator. Channel selection, as well as
the depth of correction, passes through the
synchronization node 6 (Equation 4).

Providing the consumer passes through
three interconnected channels: wind turbine,
diesel generator, and stored energy in batteries.
In the absence of wind, the consumer is only
provided due to diesel-generator and
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accumulator cells. In the case of discharge of
batteries, and the lack of wind, the complete
provision of electricity to the consumer is
performed by a diesel generator. Channel
selection, as well as correction depth, is carried
out through the synchronization node 6. The
matching coefficients of graph nodes k1, k2, k3,
k4, k5, respectively refer to the wind power plant,
diesel generator, capacitor bank, controller,
storage unit, and inverter is less than 1.

4. RESULTS AND DISCUSSION:

The use of an asynchronous generator in
WDPP requires constant correction of energy
consumption because it is susceptible to its
deficit. Therefore, there is a task of organizing
feedback in an autonomous wind power system,
which is to ensure the production of a control
signal for the restructuring of composite systems
to comply with the technological requirements of
the consumer. Let's suppose that the processes
in this system are linear (Equation 5). Where

Z(t) — system input value (consumer
requirements); y(t) — input value of the system
(power supply level); A,B,C -
component parameters.

system

Then, if at some point in time the statelef
the system is X, and the output valuepwill take
the value y, the system blocks must have the

following parameters Z,E,B_z and 5 under
which the following conditiens ‘would) be fulfilled
x(t) = (1) > 0 (Equation 6).

Since this systemguisés an asynchronous
generator with4@, short-cireuited rotor winding and
a synchronous® generator with permanent
magnets of thédiesel plant and excitation control
is impossible, the feedback parameters are
assumed) to be single. That is, it is necessary to
determine“the state of the system under the
followihg condition x(t) — x(1)>0 (Equation 7).

This requirement is met when E:B

and in the real part (Equations 8-9). The stability
of the system will be ensured when the

parameters of the unit B_2 (synchronizer, Figure

2) will be controlled and have the property to be
observed (at any time to provide the
requirements of the consumer on the load
power).

Analysis of schemes a and b shows their

limitations in providing energy needs of the
consumer and dependence on the presence of a
certain level of wind speed. Schemes C and D
are almost little dependent on fluctuations in wind
energy supply over time because they have an
additional source of power supply (diesel
generator) and can increase the fill factor of the
load graph of the consumer almost to 1.

Relative throughput Q of the system for a
single channel system is as follows (Equation
10). Where A — the intensity of the flow of
consumer demand (applications); y& the power
of the flow of wind energy (maintenance). The
organization of two-channeljand“three-channel
systems will increase the” degree of security of
the consumer. According to the Erlang’s’equation
for a two-channel system with failures (Equation
11) and a three-channel” system with failures

(Equation 12). At 'Q=50%, p=1, i. e. the

intensity of thg flow ofyservice and requests is
equalized. Gompared to a dual channel system,
the relative ‘throtughput of the system provided
p =1_s1ess by 30%.

Figure 3 shows the dependence of
(Equation 13) for single- two- and three-channel
system. The latter has an advantage over the
former since the application execution devices
work with less intensity. The probability that the
consumer is provided from one unit will be
(Equation 14). From two blocks at once (Equation
15), from three blocks (Equation 16). That is, the
probability of simultaneous operation of three
sources at the same load level has a smaller
value than two and one source (Figure 4).

The WDPP used in stand-alone operation
consists of two sources of electrical energy: a
diesel generator and a wind power plant. The
power of the diesel generator can be changed
during the process of the plant, depending on the
needs of the consumer and on the arrival of wind.
The power of the wind power plant is entirely
uncontrolled since it depends on the wind speed.
As a rule, a wind-diesel system is built according
to the following scheme: a wind turbine rotor (with
or without a speed controller), an electric
generator, a diesel generator (with a fuel supply
regulator), an electric energy storage (an
electrochemical battery) and a dc-to-dc converter
(one-or three-phase industrial frequency). The
study of such systems requires considering that
they often operate in the mode of commensurate
power with the consumer with the pulsating
nature of the wind speed change. That is, in the
created channel of the energy flow, the above
elements of the wind-diesel power plant (WDPP)
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are most often in the transition process, which
requires determining the boundary of the stability
of the consumer’s energy supply system. In
general, the block diagram of an autonomous
WDPP is as follows (Figure 5).

The conversion of wind energy in an
autonomous wind-diesel power system follows
the standard principle: the mechanical energy of
the wind flow is converted by the WDPP rotor into
electrical energy by an electric generator in the
same way as the mechanical energy in an
internal combustion engine when burning fuel.
The electrical energy is then used by the
consumer either directly or through a dc-to-dc
converter. It should be noted that the nature of
the load of the consumer can be active (heaters,
lighting), capacitive (electrochemical batteries) or
active-inductive (an electric drive of technological
machines with constant or variable moment of
resistance). That is, the functional scheme of an
autonomous wind-diesel power plant will consist
of five links (Figure 6).

Input f characterizing the parameters of

the wind flow (speed, duration of wind speed
gradations, and period of calm) and the
boundaries of the zone of useful wind energy:

The link output signal Wl is the input signalief the
link W, and will be equal to (Equation 17). Whele
f(v) — wind speed distribution density. If the
value f2 gives the opportunity of entering the

zone of production load, f3 signal is formed, the

value of which makes it possiblento” ensure the
implementation of the sc6nsumeps production

needs (link ;).

Input  f, \charagterizes the parameters
and periods of fuel supply. Link output signal W3

is the inputWsignal of the link W4 and will

characterize ) the mechanical power that is
supplied todhe rotor of the generator. If the value

f5 allows entering the zone of production load,

f6 signal is formed, the value of which makes it
possible to ensure the implementation of the
consumer’s production needs (link WS). Thus, we

have a mixed connection of five links, each of
which can have internal feedback, but the whole
system lacks the main feedback; that is, the

system cannot affect the input signal f, (the
wind flow parameters).

Let's analyze the operation of the above
system in the channel of the wind flow and the
diesel engine. For this purpose, each component
of an autonomous wind-diesel power plant is
considered separately, considering the influence
of other components. The motion equation for the
rotor of a wind power plant or a rotor of a diesel
engine, considering the influence of the generator

link, is as follows (Equation 18). Where MP -
mechanical torque on the rotor shaft of a wind

farm or diesel engine rotor; M, -

electromagnetic torque on generatofishaft; ; —

inertial torque of rotating rotop elements; @ -
angular speed of rotation™of roter and ‘generator
shafts.

The speed of rotation, of the rotor shaft
may vary due to chahges in wind speed, changes
the amount of fuelijand as a result of load
change. If the rate of rotation of the rotor shaft, as
a result of the\action of wind or increased fuel
supply increased™y A, this will change the
resulting torque to AM , then (Equation 19). As

MgnandyM . are nonlinear functional speed @,

applyingy Taylor series expansion within =0
andylimiting ourselves to the first two members,
we have as follows (Equation 20). After the
substitution of equation (19) to equation (20) and
replacement of (Equations 21-22), we have as
follows (Equation 23).

From the theory of automatic control, it is
known that the system will be stable in the case
when (Equation 24) i.e. d4; _dM, . This means

do dw
that the system will remain stable if the load
increases. Moreover, the rate of its rise must
exceed the rate of increase in the value of the
wind speed or the rate of increase in the fuel
supply. If this is not possible, it is necessary to
limit the speed of rotation.

As the wind speed or fuel supply
decreases, the equation (23) takes the following
form (Equation 25) and, after the transformation
have as follows (Equation 26). Then, to keep the
system stable (%>dM_Gj it is necessary to

do dw
provide a condition for reducing the load, and the
rate of its decline should be higher than the rate
of change in the value of the wind speed or the
value of the fuel supply.

The speed of the transient process is
affected by the time constant of each system
block. The analysis of the processes taking place
in the blocks of the functional scheme of an
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autonomous wind-diesel power plant (Figure 6)
will lead to a differential equation of type (23)
describing the first-order aperiodic link (Equation

27). Where T1,,1,,7,,7,,T,, — the timing of
relevant links and &,&,,&;,8,,&;, — coefficients
of self-alignment of the corresponding links.

The total transfer function of the entire
system will be as follows (Equation 28).
Substituting values of transfer functions of
separate links, we have as follows (Equation 29).
Opening the brackets and equating the
denominator of the transfer function of the system

to zero, we obtain the following characteristic
equation (30).

The general view of the characteristic
equation will be as follows (Equations 31-32).
The following coefficients can be derived from the
characteristic (Equations 33-38). The stability
analysis is carried out using the algebraic Raus
criterion. Let's make a Raus table in which the
elements are determined from the following

equations (39)-(40), where i >3 — line number,
k — column number (Table 1).

Let's substitute the coefficients and
determine the values of the table

elementsr,,7,,7,,7, by the given formulas in
algebraic form. The expression to determine the
coefficient 7, is equal to (Equation 41). The

expression to determine the coefficient) 7, is
presented as follows (Equation®),42). The
expression to determine “thie ‘coefficient 7; is
(Equation 43).

Let's find all the £ coefficients from the
Raus table in“algebraic™form: coefficient ¢, is

equal to «, {Egquation 44); coefficient c,, is
equalgte, O (Equation 45); coefficient C3 I
edual te“the, difference between «, and rQ,
(Equation 46); coefficient ¢4 is equal to the
difference betweena; and r,c, ; (Equation 47);
coefficient ¢, 5 is equal to the difference between
¢,5 and ric, , (Equation 48); coefficient ¢,  is
equal to &5 (Equation 49); coefficient ¢, is
equal to &, (Equation 50); coefficient C,, is
equal to «; (Equation 51); coefficient ¢, is

equal to the difference between «, and rQ;

(Equation 52); coefficient C,, is equal to the
difference &5 (Equation 53); coefficient c; is
equal to ¢, (Equation 54); coefficient c;, is

equal to & (Equation 55). For the stability of a

linear stationary system it is necessary and
sufficient that all the coefficients of the first
column of the Raus table

C115C125C135C1 45C15,C1 6 Were the same sign. If

this is not done, the system is unstable.

Analysis of coefficient data in general form
(€11>C125C135Cr45Cr55Cr ) I9gdiffiGult) because

their algebraic expressionfis “too, significant.
Therefore, the stability study willbe conducted for
a specific wind-diesel_gpower system, the
parameters of which} as well@s the time periods,
need to be determined,by simulation.

Since all-timegsteels have a positive sign,
coefficient ¢y, isithe’product of all stable times of

the systeminthen respectively the given coefficient
willbe positive. Sign of coefficients ¢, ;,c¢,,,C, s

i8. complicated to analyze because algebraic
expressions are very cumbersome. Therefore, it
IS, possible to determine the sign of these
coefficients only by substituting the
corresponding values of time constants and
coefficients € for a specific system.

Let's analyze the coefficient (Equation
56). If an odd value (one, three, five) is the self-
adjustment coefficient £ will have a negative sign,

it is the value ¢, ; will be negative and therefore

the system is not stable. Thus, for the stability of
the system, it is necessary that all coefficients ¢
had a positive sign, or even value ¢ had a
negative sign. Let's consider each case in more
detail and analyze it (Equation 57).

Coefficient & <0 characterizes the first

link (WDPP rotor) and indicates a decrease in
wind speed, and, accordingly, a reduction in the
generated power in the system. Based on this,
the system, of course, will lose stability if the load
is not reduced. When reducing the load,
coefficient cfs will take a negative value, and the

system will remain stable. When substituting
values, all coefficients € will have a positive sign
that indicates the stability of the system (Equation
58).

Coefficient of self-regulation &, <0
characterizes the second link (WDPP generator)
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and indicates a decrease in the generated power
in the system. Consequently, the system will lose
stability if the load is not reduced. When reducing

the load, coefficient 55 will take a negative value,

and the system will remain stable. When
substituting values, all coefficients ¢ will have a
positive sign, which indicates the stability of the
system (Equation 59)

&, <0 characterizes the third link (diesel

generator) and shows a decrease in the speed of
fuel supply, and, accordingly, a reduction in the
generated power in the system. The system will
lose stability if the load is not reduced. When

reducing the load, coefficient & will take a

negative value, and the system will remain stable.
When substituting values, all the coefficients will
have a positive sign, which indicates the stability
of the system (Equation 60).

&, <0 characterizes the fourth link

(diesel generator) and indicates a decrease in the
generated power in the system. Based on this,
the system, of course, will lose stability if the load
is not reduced. When reducing the load,

coefficient 55 will take a negative value, and the

system will remain stable. When substituting
values, all the coefficients will have a positive
sign, which indicates the stability of the system
(Equation 61).

&, <0 characterizes the_fifth™ink) (load)

and indicates a decrease in thefvalue of the load.
Consequently, the system Wwill l0se stability if one
does not reduce the valuefof the generated
power. When reducing the energy generation

coefficient &, or & will'take a negative value,

and the system, [will remain stable. When
substituting values; all coefficients ¢ will have a
positive sign thatyindicates the stability of the
system:

Let'sjanalyze coefficient ¢, (Equation
45). Sineefthe time intervals T have a positive
value, we can say that the coefficient Ciy will be

equal to the sum of all self-regulation coefficients
multiplied by some value. If all coefficients
(Equation 62) are above zero, the system will be

stable. Let's consider the case when & <0 or

&, <0. So that the system remains sustainable,

it is necessary to ensure that the rate of increase
of torque on a shaft of a diesel generator (flow of
fuel) is greater than the rate of reduction of torque

on a shaft of the wind turbine (wind speed). I. e. it
is necessary to compensate for the decrease in
wind speed by increasing the fuel supply at a
constant load or to reduce the load so that the
system does not lose stability.

When &, <0 or &, <0 to ensure the

stability of the system, it is necessary to
compensate the decrease in torque of the diesel
generator (fuel) by increasing the torque of wind
turbine (wind speed) and the rate of increase
must be greater than the rate of changing the
torque on diesel generation or by reducing the
load in accordance with the ¢han@e,intgeneration

from diesel-generating. When 55 < 0 (load link) it
is possible to compensate for the” replaceable
torque on the shaft of the diesel generator (fuel
supply) or wind generatorF(wind speed).

Let’s consider ceefficient Ci3 (formula 46).

All T time, intervals are positive values. To
simplify the “analysis, let's make some

assiimpftion; since coefficients & and &, as well
asg&y and, &, are part of the same systems, then
$ =6 =6,

& =%, =&, , respectively. If time intervals and

combiney them, i.e. and

coefficients are not considered, equation 39 takes
the following form (Equation 63).

In the case where all the self-regulation
coefficients (Equation 64) are above zero, the
stability of the system requires meeting the
following condition (Equation 65). For other cases

and analysis of the coefficients ¢,, and ¢, ;in

analytical form is difficult
bulkiness of expressions.

because of the

5. CONCLUSIONS:

1. As a result, it was analyzed the
structural schemes of an autonomous supply
system based on a wind-diesel system, which
showed that the relative capacity for a three-
channel system is 30% less than for a two-
channel system, i.e. a three-channel system
allows increasing the degree of security of
consumer requirements.

2. A mathematical model of the load
modes of the wind-diesel system in the conditions
of variable rotor speed of the wind turbine and
load parameters based on the Raus criterion
allows analyzing the nature of the dynamic
processes.
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3. The autonomous system must have a
certain hierarchical subordination, that is, the
electrical supply is carried out first from the units
that convert wind energy, and only in the case of
a decrease in the level of production or a
decrease to critical values, a diesel plant is used.
If we consider the operation of this system in
terms of the queuing theory, it is necessary that
the flow of customer requirements was stationary,
ordinary, and had no consequences.

4. To study the stability of the system, it is
necessary to operate with numerical values. The
simulation model will calculate, if necessary, the
time constants and coefficients of self-alignment
of all the system parts and use them in the study
of stability by the Raus criterion.
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Figure 1. Block Diagrams of Autonomous Power Supply System based on WDPP: 1 — WDPP; 2 —

capacitor bank; 3 — controller; 4 — battery pack; 5 —

diesel generator
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Figure 4. Probability of Power Supply of the Consumer: 1-Pr Power Supply from One
Power Source; 2-Probability of Power Supply of the Consumer Power Sources at the Same

Time; 3 — from Three P \
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Figure 6. Functional diagram of an autonomous wind-diesel power plant: — rotor link; W2 -

1
electric generator link; W, — diesel engine link; W, — electric orlink; W — load link.
0\\‘ s
Table Ta
v ilk 1 2 3
- 1 Ci G 6 =a, G =ay
- 2 » TG Crp =0 C3, = s
7= ‘u = =0
37 3 21 G, Cr3=C3 — 1365, C33 =
Cio
Cio
v, =—= 4 =c,, —IC Cy, =Cyn —T,C c,,=0
3 14 = Cop TG 24 = Gp TG 3.4
Ci3
Cis =Cr3 71564 G5 = 0 G35 = 0
6 Cioe =Cog —TsCys Cre = 0 G35 = 0

Periodico Tché Quimica. ISSN 2179-0302. (2020); vol.17 (n°34)
Downloaded from www.periodico.tchequimica.com
997

The Periédico Tché Quimica (ISSN: 1806-0374; 2179-0302) is an open-access journal since 2004. Journal DOI: 10.52571/PTQ. http://www.tchequimica.com.

This text was introduced in this file in 2021 for compliance reasons.

© The Author(s) OPEN ACCESS.

This article is licensed under a Creative Commons Attribution 4.0 (CC BY 4.0) International License , which permits use, sharing , adaptation , distribution , and reproduction in any medium or format, as long as you give appropriate credit
to the original author (s) and the source , provide a link to the Creative Commons license , and indicate if changes were made. The images or other third-party material in this article are included in the article 's Creative Commons license
unless indicated otherwise in a credit line to the material . If material is not included in the article’s Creative Commons license and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.



	89_SHUYUSHBAYEVA_pgs_976_997++



