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OPTIMIZATION OF ELECTRIC ENERGY
USE IN TELECOMMUNICATION OBJECTS
UNDER THE CONDITIONS OF NON-LINEAR LOADING

The article deals with an improved method of optimization of the usage of electric energy in the object of telecommuni-
cations provided constant and variable non-linear load. The mentioned method deals with contradictions, which stands
in the need of increasing fundamental harmonic, which causes problems in the practical implementation and reduction
of the current with high harmonics of nonlinear variable load. It was established that a weighty part of telecommunica-
tion equipment is a non-linear load, operation of which leads to significant network distortions. The classification of
negative factors, associated with the emergence of higher harmonics of currents and voltages and methods of their sup-
pression was given. To optimize the transmission of electricity in the nonlinear load it was proposed to use a special
power supply, which further need to be enabled in electrical circuit and then it provides compensation of the higher
harmonics of nonlinear current. Scheme solutions of optimizers of transmission of electric energy to the non-linear load
with constant and variable parameters were presented. The structure and algorithm of the method of optimization of
electricity, which deals with determination of the amplitude and phase of harmonics of non-linear load by the method of
fast conversion of Fourier and formation of signal control by the active filter of harmonics, were determined. Conclu-
sion. Due to the application of the method of optimization of transmission and usage of electric energy, which takes into
account changes in nonlinear load and harmonic current parameters, the quality of electric energy usage is increased and

the nominal mode of operation of telecommunication objects is provided.
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Introduction

Formulation of the problem. Telecommunication
systems and network technologies are currently used in
any subject matter of the society. The current level of
complexity of telecommunication equipment is con-
stantly rising.

For each telecommunication object, the nominal
parameters of electric energy (frequency, voltage, cur-
rent, etc.) are determined, therefore the required quality
of electric power must be provided for normal operation
[1].

In practice, telecommunication systems and net-
works must overcome a number of problems associated
with fluctuations, failures and power outlets; noises of
various origin, including high-frequency, as well as a
number of interferences, in particular impulse ones.

In the case of linear loading and harmonic modes
of operation, optimization processes of this mode were
conditioned by the presence of the reactive power and
its compensation with the help of special reactive ele-
ments in the electric circuit.

However, the process of optimization is signifi-
cantly complicated in the case of distortions of the form
of voltage, which is related to the harmonic components
of current consumed by nonlinear load [2].

Negative impact on the quality of electric energy,
in general, is carried out by consumers with a nonlinear
characteristic. It is a distortion of the form and, as a
consequence, the emergence of higher harmonics, not
only on the clamps of consumers, but also throughout
the network electricity supply.

Analysis of recent achievements and publica-
tions.A significant proportion of telecommunication
equipment is a nonlinear load, the exploitation of
which leads to significant network distortions [3].

The overall negative effect of nonlinear consumer
leads to distortion of voltage, which, in turn, can cause
communication network failures, impairs the synchro-
nization of telecommunication devices, and causes
high heating of equipment and a number of other un-
wanted effects [2, 3].

The set of negative factors, in accordance with
[4], can be divided into instantaneous and long-term
effects.

The immediate problems are caused by the distor-
tion of the form of supply voltage of telecommunication
objects, the voltage drop in distribution networks, the
effect of higher harmonics, resonant phenomena at the
frequencies of these harmonics, and also with leaks in
telecommunication networks.

Long-term problems include increased heating
of distribution network cables and shortened service
life of telecommunication equipment through the
intensification of thermal and electrical aging insula-
tion.

The negative factors include the unjustified trig-
gering of the safety equipment due to additional heating
internal elements of the devices protection.

In accordance with [512], the following methods
of suppressing the higher harmonic components of volt-
ages and currents exist:

a) changing the topology of the network;

b) the usage of passive protective filters in net-
works;

¢) usage of active filters;

d) usage of devices with automatic stabilization of
the form of voltage (current).

The first method is not a universal one for reduc-
ing the distortion of the form of power parameters, since
the frequency characteristic of the system does not de-
pend on the configuration of its network, but also on the
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change in the nature and magnitude of the nonlinear
load.

The usage of passive filters, in addition to its main
function - reactive power compensation, can offset one
of the harmonious components. It depends on the oscil-
lation circuit settings.

The usage of devices with automatic stabilization
of the form of voltage and current is based on the stabi-
lization of the instantaneous values of these parameters.
So it is a so-called filter of input voltage, the usage of
which from an economic and technical point of view is
not always appropriate.

The most promising solution, in terms of technical
implementation, performance indicators and cost crite-
ria, is the use of active filters [13].

The purpose of the article is the guidance of an
improved method for optimizing the use of electric
energy, based on active filters, under non-linear load
conditions.

The main part

To estimate the power efficiency of energy trans-
mission of power supply with the alternating current,
the power factor cos ¢ is used.

Optimization of the energy transfer process occurs
at the expense of the increase of the power factor, which
leads to increase of active power, reduction of losses in
transmission lines and generator systems, increase of the
efficiency of the transmission system as a whole.

To estimate the power transfer efficiency of the al-
ternating current of power supply, the power factor cos
¢ is used. Optimization of the energy transfer process
occurs at the expense of the increase of the power fac-
tor, which leads to increase of active power, reduction
of losses in transmission lines and generator systems,
increase of the efficiency of the transmission system as
a whole.

The degree of distortion is determined by the ratio
of the acting value of the higher harmonics to the acting
value of the first harmonic ki (sinusoidal distortion
coefficient), according to [3, 5], as well as the coeffi-
cient of the amplitude ka-relation of the peak value of
the current to its current value.

Under the conditions of nonlinear loading, the
process of energy transfer in the electric circuit is com-
plicated. At harmonic voltage, the current in the electric
circuit is inharmonious; the difference between the total
power and the active and reactive is not equal to zero.
The relationship between powers in the supply chain of
a telecommunication object is as follows:

$?2=pP?>+0*+712, (1)

where T — the power of "distortions" that occur in the
electric circuit in the presence of a non-dropping forms
of voltage and current.

Thus, the optimization of the mode of transmission
of electricity at nonlinear voltages is reduced to ensur-
ing the uniformity of the forms of current and voltage
and the equality of their phases.

This mode is characterized by the maximum aver-
age power entering the load, the circle 7=0, 0 =0.

Under conditions of non-harmonic current in its
spectrum the harmonics of higher frequencies, which
cause the change in the shape of the current are com-
bined. Provided the harmonic voltage of the source of
electric energy:

u(t)="V,, cos(wr+¥,);

in (t) =€0 +
+0 1 cos(@f + W)+, cos(or+ Wy )+

In this case, the active power is determined only
by the basic harmonic

P=U-{;-cosop, 2)

At the same time, we have:

(=03 + 03 405+
0 1 2 (3)

U=U1.

Expressing active power through voltage and cur-
rent, we obtain:

5
P=U,-0,-coso;=U-I-—-cosq; =
141 P 7 D1 &)
=U-I-d-cosp =U-1-A,

where
A=ky-cos@; <cos@;
k4 —is called the distortion factor, since
kg=1L/I.

So, we can make intermediate conclusions:

1. During the transmission of electric energy in a
nonlinear load, the appearance of higher harmonics of
current leads to a decrease in active power.

2. In order to increase the efficiency of the trans-
mission of electricity, it is necessary to increase the
basic harmonic I1, or to reduce the currents of higher
harmonics.

With a nonlinear load, the optimization scheme
may look like it is shown in Fig. 1.
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Fig. 1. Optimization of electric power transmission
to nonlinear load

In the conditions of setting the contours C;-L; and
C,-L, in resonance to the frequency of the first har-
monic, in the transmission line of the electric energy,
the amplitude of the first harmonic /; increases, in com-
parison with the amplitude of the harmonics of higher
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frequencies (J,, J3...). As a result, the active power that
is passed to the consumer increases.

To optimize the transmission of electricity in a
nonlinear load, we will also proceed from the possibility
of implementing special current sources that are addi-
tionally included in the electric circuit and provide an
optimal mode of operation (Fig. 2), where:

i(1) =11 cos(ot+yy);
Jo=1o;

J2 =1z cos(20t+y, );

Jx =g cos(kor+yy ).
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Fig. 2. Optimizer of transmission of electricity
to nonlinear load with constant parameters

According to the first law of Kirchhoff we have:

i(6)=in=Jo=Ja==Jk=
=I,y1 cos(of +yyp).

The principle of the optimizer is based on the in-
troduction of harmonic current to reduce the harmonics
in this network. The current form i,(f) becomes close to
the form (¢), which helps to optimize the transfer of
energy from the power supply to the load.

The quality of transmission optimization and the
use of electric energy will depend on the number of
compensating current sources (active filters) and on the
degree of compliance with the parameters of their cur-
rents, parameters of higher harmonics.

Over time, the nonlinear load parameters can vary
widely, which leads to a change in the parameters of
harmonics of non-harmonic current.

This circumstance necessitates the continuous con-
trol of the compensator of harmonics of the current of a
nonlinear load [13, 14].

The scheme of optimizing the use of electricity by
nonlinear load with variable parameters has the form
presented in Fig. 3.
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Fig. 3. Optimizer of transmission of electric energy
nonlinear load with variational parameters

The metric of the harmonics parameters (MP) ac-
cording to the Fourier transform algorithm determines
the amplitude and the initial phase of each of the har-
monics of the current of the nonlinear element and gen-
erates a control signal that is fed to an active harmonic
filter (AHF).

The work of this filter corresponds to the work of
controlled current sources (Fig. 2), which produce cur-
rents with parameters corresponding to the parameters
of harmonics of current nonlinear load.

Consequently, the condition of optimizing the
transmission and use of electric energy in the nonlinear
load - to the consumer is fulfilled.

Conclusions

Due to the application of the method for optimiz-
ing the transmission and use of electric energy, which
takes into account changes in the nonlinear load and
harmonic current parameters, it has been shown that the
quality of optimization of the use of electricity will
depend on the number of current sources and the degree
of compliance of their parameters with the higher har-
monics.

Improving the quality of utilization of electric en-
ergy in telecommunication objects, in general, leads to
the creation of conditions for their normal operation and
the provision of telecommunication services to the
proper quality.
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OnTuMizanisi BHKOPHCTAHHS €JIEKTPOEHePrii B 00’ €KTaxX TeJIeKOMYHiKamii
3a YMOB HeJIiHIfiHOro HaBaHTaKeHHs

O. B. llledep, b. B. Tonixa, B. O. Illedep, O. P. XKypxkin

V crarTi po3risnaeTbea yIO0CKOHAIGHUH METO ONTUMI3allil BUKOPUCTAHHS €JIEKTPUYHOI eHeprii B 00’ €KTax TeleKo-
MyHiKaliii, 32 yMOB IOCTiHHOro Ta 3MIHHOI'O HEJIIHIIHOrO HaBaHTa)XKCHHA. 3a3HAYEHUH METOJ PO3B’SA3y€ NPOTUPIdUs,
KOTpE IOJISAra€e y HeoOXiHOCTI 301IbIIEHHS] OCHOBHOI rapMOHIKH, 1110 BUKJIMKA€ MPOOJIEMH I 4ac NPakTU4YHOI peanizauii i
3MEHILICHHS CTPYMY BHUILMX I'apMOHIK HEJIHIHHOIO BapiaTMBHOIO HaBaHTa)XXK€HHA. BcraHOBIIEHO, 1O Baroma 4yacTka Teje-
KOMYHiKalliiHOro o0JafiHaHHS sBJIS€ COOOI0 HENiHiIiHE HaBaHTA)KEHHS, CKCIUIyaTallis KOTPOTrO IPHU3BOAUTH A0 CYTTEBHX
MepexxeBUX crnorBopeHb. HaBesneHa kinacudikaris HeraTHBHUX (aKTOpiB, OB’ A3aHUX 13 IOSABOIO BUIUX I'aPMOHIK CTPyMIiB
1 Hampyr Ta MeroAu ix mpurHidenHs. Jlns ontuMmisauii nepepadi enekTpoeHeprii y HelliHiiiHe HaBaHTaXXKE€HHs 3aIlIPOIIOHO-
BAaHO BUKOPHCTOBYBATH CHELiajbHI JUKepela CTpyMy, KOTPi JOAaTKOBO BMHUKAIOTBCS B €IEKTPHUYHE KOJIO 1 3a0e3euyoTh
KOMIIEHCALlIl0 BHIIMX rapMOHiK. HaBeleHi cxeMHI pillleHHS ONTHUMI3aToOpiB Hepelaui eleKTPOeHeprii 10 HeNiHIHHOro Ha-
BAHTAXEHHSA 13 NOCTIHHUMHU Ta BapiaTUBHMMM IlapamMeTpaMu. Bu3HaueHa CTpyKTypa Ta aJrOpUTM METOAY ONTHMi3awii
BHUKOPHCTaHHs €IeKTPOCHEprii, KOTPUH NonArae y BU3HaYCHHI aMILTITyau 1 a3y TapMOHIK HENiHIHHOrO HaBaHTAXKCHHS 3a
METO/IOM HIBHIKOrO neperBoperHs yp’e Ta popMyBaHHI CUTHAIIY KEpYBaHHS aKTUBHUM (GUIBTPOM rapMOHiK. 3a paXyHOK
3aCTOCYBaHHSA METOAY ONTHUMIi3alil neperadi Ta BAKOPUCTAHHS €JIeKTPUYHOI eHepril, KOTpU BpaXxoBye 3MiHM HEJiHIHHOTO
HaBaHTa)XCHHA Ta I1apaMeTpH rapMOHIHHOr0 CTPyMy, MiJBUILYETHCS SKOCTI BUKOPMCTAHHS €IEKTPUYHOI eHeprii Ta 3a0e3-
[EYY€EThCS HOMIHAJIBHUI PEKUM POOOTH 00’ €KTIB TeIEKOMYHIKaIiil.

KirouoBi ciioBa: TenekoMmyHikanii, HelliHIiHEe HABAaHTA)XCHHS, aKTUBHUHN (1IIBTP, ONTHUMI3alis, TapMOHiiiHa CKJIaJoBa.

OnTHMHu3anust HCIOJb30BaHMS 3JICKTPOIHEPTHH B 00bEKTAX TeJIEKOMMYHHKAM I
B YCJIOBHSIX HeJIMHEHHON HATPY3KH

A. B. lllepep, b. B. Tonuxa, B. A. llledpep, A. P. Kypkun

B cratbe paccMaTpuBaeTcs yCOBEPIIEHCTBOBAHHBIM METOJ ONTUMHU3ALMY UCIOIb30BaHUS 3JIEKTPUUECKON SHEPIUH B
00BEKTaX TEIEKOMMYHUKAIUH, B YCIOBHUIX ITOCTOSIHHOW M TEPEMEHHON HEJIMHEHHOI Harpy3Ku. YKazaHHBIH METOA peraer
MIPOTUBOPEYHS, CBS3aHHBIE C HEOOXOANMOCTHIO YBEIIMUCHHS OCHOBHOM IT'apMOHUKH, YTO BBI3BIBAET NPOOJIEMBI IIPU NPAKTH-
YeCKOH peasM3aluy, U YMEHBIIEHUEM TOKa BBICIIMX FapMOHUK HEJIMHEHHOH BapuHaTHUBHOM HAarpy3ku. Y CTaHOBIIEHO, YTO
3HAYUTENIbHAs JI0JIS TeJIEKOMMYHUKAIIMOHHOTO 000pyI0BaHUs IpeACTaBiIsieT co00i HEeIMHEHHYIO0 Harpy3Ky, SKCILTyaTaIus
KOTOPOT'O NPUBOJUT K CYIIECTBEHHBIM CETEBHIX MCKaXeHUSIM. [IpuBeneHa kiaccUpUKanus HETaTUBHBIX (PaKTOPOB, CBSI-
3aHHBIX C IOSIBJICHMEM BBICHIMX FapMOHUK TOKOB M HalpsDKEHMM, a Takke MeTOAbl MX IojaBieHus. [l onTuMuzanuu
repeaadn 3JEeKTPOIHEPIHH K HEIMHEHHOM Harpyske, IpeaioKeHO UCIO0Ib30BaTh ClELUaIbHbIE HICTOUHUKH TOKAa, KOTOPhIE
JIOTIOJTHUTENFHO BKIIIOYAIOTCS B JJIEKTPUUYECKYIO IIETb W 00ECleYMBAaIOT KOMIIEHCAIMIO BHICIIMX T'apMOHHK. [IpuBeneHbI
CXEMHBIE pelIeHUs ONTUMU3ATOPOB Iepelaud NIEKTPOIHEPr U K HEJIMHEHHOW Harpy3Kke ¢ MOCTOSIHHBIMU U BapUaTUBHBIMU
napameTpaMmu. OmnpeneneHa CTPyKTypa M ajllOPUTM METOJa ONTUMU3ALMM HCIOJIb30BaHUS 3JEKTPOIHEPIHH, KOTOPBIH
3aKJII0YAETCs B ONpEIeNIeHUH aMIUIUTY/bl U (ha3bl TapMOHHUK HEJIMHEHHOH Harpy3KH 0 METOAy ObICTpOro npeodpa3oBaHus
®dypbe u GOPMHUPOBAHNYN CHT'HAJA YIIPABICHHS aKTUBHBIM (PHIBTPOM TapMOHHUK. 3a CUET NPUMEHEHHs METoJa ONTHMHU3a-
LMK Nepeaayn U UCIONb30BAaHUS IEKTPUUECKON dHEepruu, KOTOPhId YUUTHIBAET U3MEHEHUS HEIMHEHHON Harpy3ku M na-
paMeTpsl TapMOHHUYECKOTI'0 TOKA, ITOBBIIIAETCS KAYECTBO HCIOJIB30BAHUS DJIEKTPHUUECKOH SHEPruu M 0OecredrBaeTcsi Ho-
MUHQJIBHBIA PEXKUM PabOThl 00BEKTOB TEJIEKOMMYHHUKAIUH.

KiroueBblie ciioBa: TCJICKOMMYHHKaAIUY, HEJIMHEHHAS Harpyska, AKTUBHBIA q)HJ'ILTp, ONITUMHU3alus, rapMOHUYCCKasd
CoCTaBJIAOIIAs.
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