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A VOLTAGE LOSS PRELIMINARY ESTIMATION IN AC BUSBARS

Purpose. The development of a universal criterion of determining busbar parameters for operating or calculating values of
network power factor, as well as defining parameters of reactive power compensation devices for reducing losses and voltage drops
in three-phase systems of power networks. Improvement of the method of preliminary voltage drop estimation in these systems of
power networks, which allows taking into account the influence of the skin-effect, the proximity-effect, density and frequency of
fundamental and higher current harmonics, depending on the design parameters of steel busbars, short-circuit ratio and operating
or calculating values of network power factor.

Methodology. For preliminary estimation of voltage drop in AC busbars, the analytical expressions were used which allow tak-
ing into account the design parameters of busbars, the skin-effect, the proximity-effect, density and frequency of the first and
higher current harmonics. The preliminary estimation of the full or partial voltage drop compensation, caused by at action of the
higher current harmonics was performed by the method of comparative analysis.

Findings. A dimensionless function is proposed for estimation of the behavior of busbar voltage drop and optimal choice of
their design parameters, depending on calculating or operating values of network power factor for active-inductive and active-ca-
pacitive loads. At the design or modernization stages of the workshop networks, for needed or operating value of the network
power factor, the dimensionless function allows estimating the resistance and reactance ratio of busbars for the purpose of mini-
mizing voltage drop from overflows of reactive power in the shop networks. For the active-capacitive loads, the dimensionless
function provides a preliminary estimation of the required rated value of power of the reactive power compensation devices to
minimize the voltage drop in the busbars of the networks. By the improved technique of selecting the optimal busbar design pa-
rameters, with the influence of the skin-effect, proximity, density and frequency of the fundamental and higher current harmonics
voltage drop was evaluated in conditions of non-sinusoidal busbar current. Depending on the short-circuit ratio and the current
loads, the value of the voltage drop of busbars would increase by 1.73—2.51 times. At the maximum allowable current load value of
busbars, the full compensation, and particular overcompensation of the voltage drops, caused by the action of higher current har-
monics, is performed at lower values of the short-circuit ratio. In this case, the reactive power compensation devices with a small-
er related capacity value can be used. At high values of the short-circuit ratio, the current load of busbars must be reduced.

Originality. A universal criterion in the form of a dimensionless function was proposed. For the operating or calculating values
of network power factor, it allows choosing the optimal design parameters for steel busbars, as well as defining the parameters of
reactive power compensation devices for reducing losses and voltage drops in three-phase networks power systems. The method of
preliminary voltage drop estimation in AC three-phase networks power systems, which allows taking into account the influence of
the skin-effect, the proximity-effect, density and frequency of the first and higher current harmonics, depending on the design
parameters of steel busbars, short-circuit ratio and operating or calculating values of the network power factor was improved.

Practical value. Recommendations were proposed for reducing the voltage drop in busbars, caused by the action of higher cur-
rent harmonics, depending on the short-circuit ratio of the network and the values of current loads of the steel busbars. The results
of this work can be used at design or modernization stages of workshop network systems. This will provide a qualified approach to
the formation of requirements for reactive power compensation devices and converters, which are sources of higher current har-
monics generation.
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Introduction. The production of metallurgical energy-in-
tensive products, the provision of technological operations ap-
plying hoisting and transport mechanisms, including crane
electric drives in the shops of enterprises are quite energy-con-
suming [1]. Therefore, modernization of proper network pow-
er systems of enterprises of the Ukrainian metallurgical indus-
try requires the application of modern solutions in the field of
energy resource saving [2]. The wide usage of power semicon-
ductor converters in all industries allowed increasing the en-
ergy efficiency of industrial mechanisms, reducing energy
consumption, and improving the quality of manufactured
products [3]. The implication of frequency-controlled electri-
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cal drive systems, rectifiers and other semiconductor convert-
ers leads to generation of higher current harmonic in AC con-
ductors [4], and also negatively affects the power factor of
networks [5] which are standardized by the relevant standards
of electromagnetic compatibility [6].

Literature review. Now, there are a significant number of
works devoted to the influence of higher current harmonics on
losses in the main elements of the network: transformers [7],
semiconductor converters [8], synchronous and asynchronous
electric drive systems [9], and others. The known engineering
techniques for selecting and calculating busbar design param-
eters for shop networks (shapes, geometries, relative locations)
do not allow taking into account added voltage drops [10],
power losses [11], change in active [12] and reactive [13] power
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balance and network non-phase symmetry [14], caused by the
action of higher current harmonics. In a number of works the
authors conducted research to determine the reserve of a pos-
sible increase in efficiency coefficient by compensating pulsa-
tions of active and reactive powers [15], as well as a constant
component of reactive power in electric supply systems [16].
Most of the works on the busbar systems are devoted to the
research on electromagnetic [17], energy [18] and thermal
processes [19], identification of electrical parameters, electri-
cal stability parameters of busbar systems for graphite furnaces
[20], crucible melting furnaces, vacuum plasma electric fur-
naces by numerical simulation methods. All these research
studies allowed increasing energy efficiency of technological
processes and electromagnetic compatibility between the main
elements of three-phase network power systems.

Unsolved aspects of the problem. To compensate the addi-
tional losses, power and voltage drop in busbars, caused by the
action of higher current harmonics, the accurate knowledge
on the network configuration is required, as well as detailed
calculation of the energy system of the industrial enterprises.
However, problems related to the assessment of the effect of
higher current harmonic components in three-phase network
power systems on voltage losses in busbars, depending on their
design parameters, skin-effect, proximity, density and fre-
quency of the fundamental and higher harmonic components
are not sufficiently researched.

Therefore, the actual problem is to improve the approach
to the choice of the optimum busbar design parameters, which
provide voltage drop compensation, caused by the action of
the higher current harmonic component, for operating or cal-
culating certain values of network power factor.

Purpose. The purpose of this work is development of a
universal criterion of determining busbar parameters for the
operating or calculating values of network power factor, as
well as definition of parameters of reactive power compensa-
tion devices for reducing losses and voltage drops in three-
phase networks power systems. Improvement of the method
of preliminary voltage drop estimation in three-phase net-
works power systems, which allows taking into account the
influence of the skin-effect, the proximity-effect, density and
frequency of the fundamental and higher current harmonics,
depending on the design parameters of steel busbars, short-
circuit ratio and operating or calculating values of network
power factor.

Results. The parameters of the reactance (X) and resis-
tances (R) of the current conductor significantly depend on its
geometry (the ratio of height and width dimensions, proxim-
ity effect, displacement effect, current density and frequency,
the presence of protective shieldings, the current conductor
materials) [10]. The increases in the value of power and volt-
age losses in busbar systems are caused by the growth of reac-
tance related to resistance. Therefore, when designing and
choosing the geometry constructions of busbars and their
placement, designers try to minimize reactance, so that the
calculated value of the voltage losses corresponds to the value
of the voltage loss for network power factor A = 1. For this, it
is convenient to use the non-dimensional parameters repre-
sented as a function which depends on the network power fac-
tor.

The voltage losses in three-phase busbar systems are deter-
mined by the known expression [11]

\/§~[~(R~cosq>+Xsin(p)
U

AU =

-100 %, (1)

where R, X are resistance and reactance of busbars, Om; [ is
the effective value of busbar current, A; U is line-to-line value
of voltage, V; ¢ is an angle phase shift between current and
voltage, el. deg.

For further analysis, the expression (1) is transformed in
the next form

A cos<p+tg(pT~sin(p)~100 %, 2)
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where tg o= X/R is the design parameter of the busbar.

If the busbar parameters are expressed in relative units,
and we assume that R*= 1, then according to (2), the character
of the voltage losses AU will be determined by the behavior of
the function

f(p, tgoy) =cose +tg@y- sing. 3)

Fig. 1 shows dependence of the function f(o, tg¢p;) on the
network power factor for different values of the design param-
eter tgo, for active-inductive (Q/P) and active-capacitive
(Q/S) loads. At the active inductive loads, in the Q/P zone, for
the eigenvalues of tg @1, the function (3) will possess the value-
Jop =1 at two points: at A, = 1, and the value 2, for the corre-
sponding curve with tg ¢ ;. For example, for busbar with tg ;=
=0.35 (curve I, Fig. 1) the function (3) will possess the value
Jor=1,atA;=1and %, =0.7; for tgor=0.58 —at &, = 1 and
A, = 0.5 (curve 2, Fig. 1). With decreasing busbar design pa-
rameter tg @, the curve of the function (3) shifts to the right
side, and the value of network power factor of the second point
of intersection A, will tend to A = 1. At the active-capacitive
loads, in the Q/S zone, the curve of the function (3) is sym-
metrical relative to the function curve (3) at the active-induc-
tive loads (curves I'—4’, Fig. 1). Since in three-phase systems
of workshop network usage only active-inductive loads, the
curves of function (3) need considering for estimation of pos-
sibility of the voltage drop compensation in busbar systems by
reactive power compensation devices. For example, at busbar
design parameter tg; = 0.35, for a compensation angle ¢, =
= =5 el. deg., the voltage drop compensation value fyg =
=0.034 p.u; for ¢, = =10 el. deg. — fo5 = 0.076 p.u; for ¢, =
=—15el. deg. — fps=0.106 p.u.

Thus, the dependences according to (3) are universal crite-
ria, which allow, for the operating and calculating values of the
network power factor, choosing optimally the busbar configu-
ration, as well as the parameters of reactive power compensa-
tion devices for purpose reducing of capacity and voltage loss-
es in three-phase systems of workshop network.
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Fig. 1. Dependence of the function f(o, tgpy) on the network
power factor for different values of the design parameter
tgor at active-inductive (Q/P) and active-capacitive

(Q/S) loads
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To estimate the voltage losses the most widely used steel
busbar system were selected. It possess the nonlinear magnetic
properties, skin- effects, proximity-effect, as well as most ef-
fects of voltage losses through the influence of values and fre-
quency first and higher current harmonics.

To estimate the voltage losses taking into account the pres-
ence of higher current harmonics, we transform equation (1)
to the following form [18].

Equation (1) is transformed to the following form

z \/EIiZ.ZmI ’

i=1

™

100 %; (4)

Z, =R, -cosp+ X -sing, (5)

where 1, is the effective current value of the i” harmonics; R,
is the resistance and reactance of the busbar for the i harmon-
ics; X, is the reactance of the busbar for the i harmonics.
Resistance and reactance values of steel busbar, for the i
harmonics are determined from the following expression [10]

Rm, :km, 'Rg; (6)
R, :pl; (7)
q
X, =i-X, +0.564-R,, (8)

where ku,’ is the coefficient, which takes into account the
changes in resistance at the current frequency of the i” har-
monics and considers the influence of skin-effect; R, is the

resistance for DC [19], Ohm; X, o, Iisthe reactance of the bus-
bar for the i harmonics, which consists of internal /- X, and

external 0.564- R reactance, and considers the influence of
the proximity—effeét, Ohm; / is the active length of busbar, m;
p is the resistivity of the material of the busbar, Ohm - mm?/m;
q is the cross-section of busbar, mm?.

The coefficient which takes into account the changes in
the resistance from the current frequency of the i harmonics
for steel busbars can be determined as [11]

1+0.84-B2, V<1

k, =10.758+/1.34-p7 -0.183, VB=LB<3, (9

0.758+1.159-P,, VB3

j - 0.4-n-1
_2.102.4. s ="
B 7 ,/ 5 U 5 (10)

where P is the busbar perimeter, mm; f is the frequency cur-
rent of the i” harmonics, Hz; p is the magnetic permeability of
the material of the busbar, H/m.

According to the expressions (4—10), Fig. 2 shows the volt-
age drop by 1 m of the busbar length for the first current har-
monic, as well as the dependence of the resulting voltage drops
at nonsinusoidal current for the angled steel of busbar (profile
60 x 60 x 6, cross-section = 684 mm?) at the network power fac-
tor, on current load of more than 5000 hours with a current den-
sity J i = 0.3 A/mm? (Fig. 2, a); and current load up to 3000
hours, with a current density J,,,, = 1.2 A/mm? (Fig. 2, b) [6].

The harmonic composition of the current was determined
according to the standard values of the short-circuit ratio R,
which is the ratio of the short circuit power to the total in-
stalled capacity of electrical devices (Table 1).

To analyze the results of the research and estimate the de-
gree of influence of higher current harmonics on the voltage
losses in busbars, we will use the relative value of the voltage
loss changes with non-sinusoidal current for the correspond-
ing coefficients R,

where

] 0.1 02 03 04 05 0.6 0.7 08 09 1
A, pu
¢ 15t current harmonic (Q/P); 5 ++Ruer=33, for (Q/P); 4 EEiRx=066, for (Q/P);
x> 1st current harmonic (Q/S); “++Reee=33, for (Q/S); ~ BERw=66, for (Q/S):
4 e Riee=120, for (Q/P); g Rse=250, for (Q/P); Gm Rxe>350, for (Q/P):
9=&<r Ree=120. for (O/SY: * a0 Rw~250. for (O/S): * #-a+: Rw>350. for (O/S):
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Fig. 2. Dependencies of voltage drop at sinusoidal and non-si-
nusoidal currents per 1 m length of steel busbar on the net-
work power factor:

a — for Join = 0/3 A/mm?; b — for J ., = 1/2 A/mm?

Table 1

Norms of generation of harmonic components of current
for symmetric three-phase technical devices

Minimal value | The maximum permissible value of the current
R p.u. harmonic component, 1;/1,, %
33 10.7 7.2 3.1 2
66 14 9 5 3
120 19 12 7 4
250 31 20 12 7
=350 40 25 15 10
AU =AU, AU, (11)

where AU, is the resulting voltage losses at non-sinusoidal
current at the corresponding coefficient R,.,; AU, is the voltage
losses from the first harmonic of the current in the busbars.

Tables 2 and 3 show the relative magnitudes of the incre-
ment of the voltage drop AU}, caused by the action of the
higher current harmonics, for the corresponding coefficients
R, without (Table 2) and with (Table 3) compensation of re-
active power for the minimum and maximum allowable cur-
rent loads of busbars.
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Table 2

Relative values of voltage drop increment
for the corresponding R,,, and J,,;, = 0.3 A/mm?

@, el. deg. | Relative values of voltage drop increment AU ress DU
R.. =33 | =66 | =120 | =250 | =350
Without reactive power compensation
— | o8 | roet | uie7 | 1si5 | 1733
With reactive power compensation

¢.=-5 0.92 0.948 1.044 1.355 1.549
¢.=-10 0.811 0.837 0.92 1.201 1.371
¢.=-15 0.708 0.723 0.805 1.05 1.196
o.=20 0.603 0.621 0.684 0.893 1.02

Table 3

Relative values of voltage drop increment
for the corresponding R,,, and J,,;, = 1.2 A/mm?>

9., el deg. | Relative values of voltage drop increment AU, p.u.

Re. =33 | =66 | =120 | =250 | =350
Without reactive power compensation
— | 1z | 1234 | 13s2 | 1766 | 2515
With reactive power compensation

9. =-5 1.013 1.22 1.235 1.578 2.255
¢.=-10 0.887 0.964 1.082 1.387 1.99
¢, =-15 0.766 0.834 0.935 1.205 1.744
o, =-20 0.64 0.701 0.794 1.015 1.489

To compensate the reactive power, the increment AU},
was taken into account, when the angle of phase correction
varied in the range 0 < ¢, < 20 el. deg.

The analysis shows that at maximum allowable current
load on busbars, full compensation and particular overcom-
pensation of voltage losses is realized for lower values R,.
For large values Ry, the current load of busbars must be re-
duced.

Thus, the availability of higher current harmonics leads to
a significant effect on the voltage drop increment in busbars.
Depending on the current load and the short-circuit ratio Ry,
the value of voltage losses can reach 1.73—2.51. Partial or full
compensation of the voltage losses for steel busbars, depend-
ing on the value of current load and the short-circuit ratio R,
is performed, when the angle of phase correction 0 < ¢, <
< =20 el. deg. Howeyver, execution of correction angles ¢, <
< —10 el. deg., especially for large values of the short-circuit
ratio R, requires the use of reactive power compensation de-
vices with a larger rated capacity, which is not always possible
and reasonable for three-phase workshop network systems.
Therefore, in order to compensate the voltage drop on avail-
ability of the higher current harmonics, it is necessary to take
into account not only busbar design parameters, but also a
whole complex of features: optimal value of the short-circuit
ratio, value of current load, converter operation modes, as well
as related capacity of reactive power compensation devices.

Conclusions. For the operating or calculating values of net-
work power factor, the universal criterion was proposed. It al-
lows for optimal choice of the design parameters for steel bus-
bars, as well as defining the parameters of reactive power com-
pensation devices for reducing losses and voltage drops in
three-phase systems of power networks. The method of pre-
liminary voltage drop estimation in AC three-phase power

networks systems, which allows taking into account the influ-
ence of the skin-effect, the proximity-effect, density and fre-
quency of the first and higher current harmonics, depending
on the design parameters of steel busbars, short-circuit ratio
and operating or calculating values of network power factor
was improved. With the help of the upgraded approach, the
preliminary estimation of voltage drop for non-sinusoidal cur-
rent of steel busbars was executed. Depending on the short-
circuit ratio and the current load, the value of the voltage drop
can increase by 1.73—2.51 times. Where the busbars has maxi-
mum allowable current load, the full compensation and par-
ticular overcompensation voltage losses are executed for lower
values of short-circuit ratio. In this case, reactive power com-
pensation devices can be used with a lower rated capacity. For
large values of the short-circuit ratio, the busbar current load
must be reduced. Due to the diversity of the converter technol-
ogy and the generation by them of higher current harmonics
with values of amplitudes and frequency spectrum, which dif-
fer from the limited values of the standard documents (Table 1,
[6]) this problem will be researched. This research would in-
volve development of specified approach, in the form of ana-
lytical expressions, determination of the voltage and power
losses, taking into account the design parameters of busbars
and their optimization, skin-effect, proximity-effect, dis-
placement-effect, electromagnetic asymmetry, and the pres-
ence of protective shells by methods of numerical-field simu-
lation.
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3anopi3bKuii HalliOHAJILHUI TeXHIYHUI YHiBepcUuTeT, M. 3a-
nopixcksi, YKpaina, e-mail: jbezverkh@gmail.com

Merta. Po3pobka yHiBepcaJbHOro KpUTEpilo, 110 103BO-
JISIE IS ifouynx abo po3paxyHKOBMX 3HaUeHb KoedillieHTa
MOTY>KHOCTI MepexXi, ONTUMabHO MifiopaTu KoHbirypauiio
IIMHOTIPOBOY, a TAKOX MapaMeTpy MPUCTPOIB KOMIEHC ATl
PEaKTUBHOI MOTYXKHOCTI [IJ151 3a0€e3MeYeHHs] 3HUXKEHHST BTpaT
i MagiHHS HAMPYTW y TpUdA3HUX CUCTeMaX 1IeXOBOTO eJieK-
TPOTNIOCTaYaHHS. YIOCKOHAJIEHHS METOIUKM TMOMepeIHbOl
OLIiHKY MaJiHHS HATPYTH B LIUX CUCTEMaX, 1110 TO3BOJISIE Bpa-
XyBaTH BIUIMB CKiH-ebeKTy, ebekTy OJIM3bKOCTi, TYCTUHU i
YaCTOTH OCHOBHOI Ta BUILIMX FAPMOHIK CTPYMY, B 3aJIEXKHOCTI
Bill KOHCTPYKTUBHUX TMapaMeTpiB CTaJeBUX IIMHOIIPOBOIIB,
Koe(illieHTa KOPOTKOTO 3aMUKaHHS, Ail040ro abo po3paxyH-
KOBOTO KoedillieHTa MOTYXXHOCTiI MepeXi, a TAKOX 3a0e3rne-
YUTHU KBaTi(hiKoBaHUIA Minxia 1mon0 (GopMyBaHHSI BUMOT 10
MPUCTPOIB KOMIIEHCallil peaKTUBHOI TMOTYXHOCTI Ta Tepe-
TBOPIOBaYiB, 1110 € IXKepeJlaMM iX TeHepallii.

Metoauka. J1y1g mornepenHboi OLliHKY MaliHHS HAMIPYTH B
LIMHOIPOBO/AX 3MiHHOTO CTPYMY BUKOPHUCTOBYBAJIUCH aHA-
JIITUYHI BUPA3u, IO TO3BOJISIIOTh ypaXyBaTH KOHCTPYKTUBHI
rnapamMeTpy IIMHOIIPOBOAIB, CKiH-e(heKTy, e(deKT 0JU3bKOC-
Ti, IIJTBHOCTI Ta YaCTOTU OCHOBHOI i1 BUILIMX TADMOHIK CTpY-
My. [lomepenHsi oniHKa KomIieHcallii a0 4acTKOBOi KOM-
reHcallii nagiHHs HarmpyTy Bil Ail BUILIMX TApMOHIK BUKOHY-
BaJIaCh METOJIOM IOPiBHSUILHOTO aHaIi3y.

Pesymbratn. 3amporoHoBaHa Oe3po3MipHa  (YHKIIs
OLIiHKY XapaKTepy MaliHHs Halpyryu B INMHOMPOBOAAX 3MiH-
HOTO CTPYMY TSI ONITUMAIBHOTO BUOOPY X KOHCTPYKTUBHUX
rnmapameTpiB, Y 3aJIeXKHOCTI Bijl po3paXyHKOBOTO a0 /1it04oro
Koe(illieHTY TTOTYKHOCTI LIEXOBOI Mepexi, 11 aKTUBHO-1H-
IYKTUBHOTO 1 aKTMBHO-€MHICHOTO XapaKTepiB HaBaHTa-
KeHb. be3po3mipHa GyHKIIisT 103B0oIsIE M1sT HEOOXiTHOTO a60
JIiF0YOro 3HaYeHHsI KoeilieHTa MOTyKHOCTI MepexXi, Ha eTa-
IMi TPOEKTYBaHHS 200 TTpY MOJIepHi3allii LIEXOBUX MEPEXK, MO~
MepeIHbO OLIIHUTK CIiBBIIHOIIEHHSI aKTUBHOTO i peaKTUB-
HOTO OIOpPiB IIMHOIPOBO/IB, 32 SIKMX MiHIMI3YEThCS MaiHHS
HAaIpyry Bi MEPETOKIB peaKTUBHOI MOTYKHOCTI B LIEXOBUX
Mepekax. [l akTUBHO-EMHICHOTO XapaKTepy HaBaHTaXeH-
Hs1 Oe3po3MipHa (yHKIisE 3a0e3Ieuye IMonepenHio OLiHKY
HEOOXiTHOT BCTAHOBJIEHOI MOTYXXHOCTI MPUCTPOIB KOMITEH-
callii peakTMBHOI MOTYXXHOCTIi JUIsl MiHiMi3allii magiHHs Ha-
MPYyT¥ B IIMHOMPOBOAAX 3MIHHOIO CTPyMY LIEXOBOI Mepexi
MiAMPUEMCTB. 3a 10MOMOI0I0 BIOCKOHAJIEHOI METOUKU BU-
00py ONTUMATbHUX KOHCTPYKTUBHUX MTaPaMETPiB IIMHOIIPO-
BOJIIB 3 ypaxyBaHHSIM CKiH-e(eKTy, edeKTy OJM3bKOCTI,
LIIIBHOCTI Ta YaCTOTU OCHOBHOI 1 BUIIIMX TAPMOHIK CTPyMY,
TpoBeleHa OIliHKa TaiHHS HAINpYyTd B IIWHOIIPOBOIAX B
YMOBaX HECUHYCOINaJbHOCTI CTPYMy IIMHOMNpPOBOAiB. Bera-
HOBJICHO, 1110, Y 3aJIeXKHOCTI BiJl KOoe(illieHTY KOPOTKOIO 3a-
MUKaHHS MepeXi Ta CTPyMOBOTO HaBaHTaXXEHHS, BEJTMUMHA
MagiHHS Hanpyru Moxe 3poctu B 1,73—2,51 paziB. BcraHoB-
JIEHO, 1110 MPU MaKCUMAaTbHO TOMYCTUMOMY CTPYMOBOMY Ha-
BaHTAXXEHHI IIIMHOIPOBO/IiB MMOBHA KOMIIEHCALlisl, a TaKOX
repeKoMITeHcallisl, MaJiHHsI HATIpyry Bil il BULLIKX TapMO-
HiK BUKOHYETBCS 32 MEHILIUX 3HaYeHb KOeDilliEHTY KOPOT-
KOro 3aMuKaHHs Mepexi. [Tpu 1boMy, MOXYTb OyTH BUKO-
pUCTaHi TIPUCTPOI KOMIIEHCALlil peaKTUBHOI MOTYXXHOCTI 3
MEHIIOIO BCTAHOBJIEHOIO MOTYXKHICTIO. 32 BEIMKUX 3HAYEHb
Koe(dillieEHTy KOPOTKOTO 3aMMKaHHSI MEpexXi CTpyMOBE Ha-
BaHTaXXEHHSI IIMHOMPOBOIiB MOBUHHO OYyTU 3HUKEHO.

HaykoBa HoBH3HA. 3aITPOIIOHOBAHO YHiBepCATbHUI KPU-
Tepiil y BUIJIsai 6e3po3MipHOi (PYHKIIII, 1110 TO3BOJISIE IJIsT Ti-
0uMX 200 po3paxyHKOBUX 3HaUE€Hb KOeMilliEHTY MOTYKHOCTI
MepexXi ONTUMAJIbHO MiAiopaTy KOHGIrypauimo I1uHOMPOBO-
JIiB, @ TAKOX MapaMeTpu MPUCTPOIB KOMITeHcallil peaKTUBHOT
MOTY>KHOCTI JUIsl 3a0e3MeYeHHsT 3HUXKEeHHST BTpaT i MaaiHHs
Harpyru y TpudasHUX CUCTeMax IEXOBOTO eJEKTPOIIOCTa-
YyaHHs. YIOCKOHaJIeHa METOIMKa MOIMepeTHbOl OLiHKM Ma-
NiHHS HATIPYTU Y TpUda3HUX CUCTeMax LIEXOBOTO €JIeKTPO-
MOCTaYaHHsI 3MiHHOTO CTPyMy, IO [JO3BOJISIE BpaxyBaTU
BIUIMB CKiH-e(eKTy, e(heKTy OIM3BKOCTI, IIITLHOCTI Ta Yac-
TOTU OCHOBHOI i BUIIIMX FaPMOHIK CTPYMY B 3aJIeXKHOCTI Bill
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KOHCTPYKTHBHUX ITapaMeTpPiB CTaJIeBUX ITMHOIIPOBOIIB, KO-
edillieHTa KOPOTKOI0 3aMUKaHHSI, Iil040T0 200 PO3paxyHKO-
BOro KoedillieHTY MOTY>KHOCTi Mepexi.

IIpakTyHa 3HaYMMicTh. 3ampOIIOHOBAaHI peKOMEHMallii
1010 3HMXKEHHST TIAiHHST HATIPYTHU Y CTaJIEBUX ITMHOTIPOBO-
JIax BiJ Aii BULLIMX FAPMOHIK CTPYMY, Y 3aJIe3KHOCTI Bil Koedi-
LIiEHTa KOPOTKOTO 3aMUKAHHS MEpeXi Ta 3HAaU€HHS CTPYMO-
BOTO HaBaHTaXXEHHSI IIMHOIPOBOAIB. Pesynbrat pobOTH
MOXYTb OyTH BUKOPUCTAHI MPU MPOEKTYBaHHI 200 MOJEPHi-
3allil iICHYIOUMX LIEXOBUX CHUCTEM eJIEKTPOINOCTaYaHHS, IO
JIO3BOJIMTH 3a0€3MeUnTH KBalihikoBaHUM minxiz 1momo ¢op-
MYBaHHS$I BUMOT J0 TIPUCTPOIB KOMITEHCALIil peaKTUBHOI 110~
TY>KHOCTI I MIepeTBOPIOBaYiB, 1110 € XKepeaMuy reHepallii BU-
ILIUX TADMOHIK CTPyMYy.

KumiouoBi cioBa: wunonposio, nadinus Hanpyeu, Koegiyi-
EHM NOMYICHOCMIE Mepedici, 2apMOHIKU, KoepiyieHm KOpomKo2o
3AMUKAHHS, KOMNEHCayis

IIpenBapuTebHAS OlIEHKA NMAJEHUS
HanpsDKeHHsl B NIMHOMPOBOAAX NepPeMEHHOro
TOKA

10. C. bessepxusis

3anopoXXCKUii HallMOHATbHBIM TEXHUYECKUI YHUBEPCUTET,
r. 3anopoxnbe, YKpanHa, e-mail: jbezverkh@gmail.com

Ieas. PazpaboTka yHUBEepCaJIbHOIO KPUTEPUSI, ITO3BOJISI-
FOIIETO TSl AeMCTBYIOLINX WJIM PACYETHBIX 3HAYUEHUU KO3(]-
(UILIMEHTa MOIIHOCTH CETH, ONTUMAJIBHO MOI00paTh KOH-
¢urypaimo IMHOMPOBOIA, a TAKXKe IMapaMeTphbl YCTPOUCTB
KOMITEHCALIUM PEaKTUBHOIM MOLIIHOCTH, C LIEJIbIO 00ECTICUNTh
CHIDKEHUE TIOTepb U TaJeHue HampsDKeHMST B TpeXdasHbIX
CHCTEMaX IIeXOBOTO JJIEKTPOCHAOXKEHUS. YCOBEPIIIEHCTBO-
BaHWE METOAMKU TpeABapUTE]bHOM OIICHKW MaleHUsl Ha-
MPSDKEHUS B 3TUX CUCTEMaX, KOTOpast TTO3BOJISIET YUECTh BT -
siHUe CKUH-3(dekTa, apdekra 0JU30CTU, INIOTHOCTU U Ya-
CTOTBI OCHOBHOM 1 BBICIITX TAPMOHMK TOKA, B 3aBUCUMOCTH
OT KOHCTPYKTHUBHBIX ITAPAMETPOB CTAIbHBIX IIIMHOIIPOBOIOB,
Ko3(DHULIMmeHTa KOPOTKOTO 3aMbIKAHMSI, IEHCTBYIOLIETO WITA
pacyeTHOro Koa(M(uLMEeHTa MOIIIHOCTH CETU, a Takxke 00e-
CIEUNUTh KBATU(PULIMPOBAHHBINA MOAX0H K (POPpMUPOBAHUIO
TpeOOBaHUI K YCTPOMCTBAM KOMIIEHCALIMM pPeaKTUBHOM
MOIITHOCTHU 1 TIPpe00pa3oBaTesIsiM, IBISIOIINXCS NX UCTOUHH -
KaMM reHepaluu.

Metoauka. /{151 ipeBapuTEIbHON OLICHKY MaIeHUST Ha-
MNpsSIKeHUs B IIMHOIMPOBOAAX MEPEMEHHOIO TOKA MCIOIb30-
BaJINCh aHAJIMTUYECKNE BBIPAXKCHUS, TTO3BOJISIONINE YIECTh
KOHCTPYKTUBHbBIE  IMapaMeTpbl  IIMHOIPOBOAOB, CKHUH-
addexr, ahheKkT 6aU30CTH, TIIOTHOCTH W YaCTOThI OCHOB-
HOI1 M BBICIIMX TapMOHUK ToKa. [IpenBapurenbHas oleHKa
KOMITCHCAllUM WJIM YaCTUYHOUW KOMIICHCALUM TaJeHUs Ha-
MNpsSKeHUs OT ACMCTBUS BBICIIMX TapMOHMK BBIMOJHSIACH
METOIOM CPaBHMUTEJIBLHOTO aHAJIM3a.

Pesyabratel. [lpemioxeHa Oe3pasmepHass (QyHKLMS
OLICHKM XapaKTepa IMaJcHUsI HANPSIKEHUS B IIIMHOIIPOBOIAX
MEepEeMEHHOIro TOKa Jisi ONTUMAaJbHOIO BbIOOpAa MX KOH-
CTPYKTUBHBIX ITApaMETPOB, B 3aBUCHUMOCTU OT PacYeTHOTO
WIn JeicTByolero ko3d@uiuueHTa MOLIHOCTU LIEXOBOKI
CeTH, IJIsT aKTUBHO-UHAYKTUBHOTO M aKTMBHO-EMKOCTHOTO
XapakTepa Harpy3ok. bespa3mepHasi (GbyHKIMsI TO3BOJISIET
MpY HEOOXOIMMOM WJIM ACHCTBYIOIIEM 3HAaYeHUM KOd(Pdu-

LIMEHTa MOIIHOCTU CETH, Ha 3Talle MPOeKTUPOBAHUS WU
MPU MOAEPHU3ALIMU LIEXOBBIX CETe, MpeaBapUTeIbHO Olie-
HUTb COOTHOIIIEHUE aKTUBHOTO U PEAKTUBHOTO COITPOTHUBJIC-
HUI IIWHOIPOBOAOB, MPU KOTOPBIX MUHUMU3UPYETCS Taje-
HHUE HANpSDKEHUSI OT MEePEeTOKOB PEaKTUBHOM MOIIHOCTH B
LIEXOBbIX ceTsiX. 1 aKTHMBHO-€MKOCTHOTO XapakTepa Ha-
Ipy3Ku Oe3paszmepHast QyHKIUS 0OecrieurBaeT IpeaBapy-
TEJbHYIO OLIEHKY HEOOXOAUMMON YCTaHOBJIEHHON MOIIIHOCTA
YCTPOICTB KOMITEHCAIIUM PEAKTUBHOM MOIIHOCTU IIJISI MU-
HUMU3ALMKU MaJeHUST HAMIPSDKEHUS B IIIMHOIIPOBOIAX Tepe-
MEHHOTO TOKa 1IeXOBbIX ceTeil npeanpusatuii. C moMollbio
YCOBEPLIEHCTBOBAHHONW METOIMKM BBbIOOpAa ONTHMAaJIbHBIX
KOHCTPYKTUBHBIX MapaMeTpOB IIMHOIIPOBOAOB, C YYETOM
BIMSIHUSI CKUH-2(deKTa, addeKkTa 0JU30CTH, TUIOTHOCTU U
YacTOThl OCHOBHOI M BBICIIIMX TAPMOHUK TOKa MpPOBEIcHA
OLICHKA TaJIieHUs] HATIPSIKEHUS B YCJIIOBUSIX HE CUHYCOUIAb-
HOCTU TOKa IIMHOMPOBOIOB. YCTaHOBJIEHO, YTO, B 3aBUCH-
MOCTU OT KO3((PUIIMeHTa KOPOTKOIO 3aMbIKaHUsI CETU U Be-
JIMYMHBI TOKOBOI HArpy3ku, BeJMYMHA TAfAeHUsT HampsbKe-
HUsI MOXeT Bo3pactu B 1,73—2,51 pa3za. YcTtaHOB/IEHO, UTO
IpU MaKCUMAaJbHO JOIMYCTUMON TOKOBOW HArpy3KU ILMHO-
IPOBOJIOB TIOJIHASI KOMIIEHCALIMS, a TaKKe MepeKOMITeHC a-
LIMST TANEHUST HAMTPSDKEHMST OT NEUCTBUST BBICILIMX TAPMOHUK
TOKa, BBITIOJHSCTCS MPW MEHBIINX 3HAYCHUSIX KOPOTKOTO
3aMblKaHUs ceTu. Ilpu 3TOM, MOTYT OBITh MCIOJb30BaHbI
YCTPOICTBA KOMIICHCALIMM PEAKTUBHOI MOIIHOCTU C MEHB-
el yCTaHOBJIEHHON MOIIHOCTBIO. [1pu GobIIMX 3HAYEHU -
SIX OTHOIIIEHUSI KOPOTKOTO 3aMbIKaHUSI CETU TOKOBas Harpy3-
Ka IIMHOIIPOBOIOB MOJIKHA OBITh CHUKEHA.

Hayunasa noBusHa. [IpeniokeH yHUBEpPCATbHBIN KPUTE-
puii B Buae 6e3pa3MepHOil (PYHKIIMU, KOTOPBIA MTO3BOJISIET
IIJIST IEWCTBYIOIIUX VUIM PACYETHBIX 3HAYCHUU KO3 (PUITUEH-
Ta MOIIHOCTH CETH ONTUMAIbHO MOJ00paTh KOHMUTYpal1o
IIHOTIPOBOIOB, a TAKXKE IMapaMeTPhl YCTPOMCTB KOMITEHCA-
LIMM PEAKTUBHON MOIIHOCTH ISl OOECIeYeHUsI CHUKEHMS
IOTeph U TMaleHMsST HAIpSDKEHMST B Tpex(as3HbIX CHUCTeMax
LIEXOBOT'0 3JIEKTPOCHAOXKEHUSI.

YcoBepleHCTBOBaHA METOIMKA IIPEIBAPUTEIbHOM OLICH-
KU TaficHUs] HANpsKeHUsl B TpeX(da3HbIX CUCTEMAaX 1LIeXOBOTO
3JIEKTPOCHAOXKEHMS TIEPEMEHHOTO TOKa, KOTOpasi MO3BOJISIET
yuecTb BIIMSIHUE CKUH-3(dekTa, apdekra 61m30CcTH, TIIOT-
HOCTHU 1 YaCTOThI OCHOBHOM M BBICIIMX TAPMOHMK TOKA B 3a-
BUCUMOCTH OT KOHCTPYKTUBHBIX MMAPAMETPOB CTATbHBIX IIIH-
HOITPOBONIOB, KO3(PdUIIMEHTa KOPOTKOTO 3aMbIKaHUSI, ACii-
CTBYIOILIETO WJIM PacyeTHOro Ko3a(hdullMeHTa MOIIHOCTH
CeTH.

IIpakTnyeckas 3HauyMMocCThb. [IpemyiokeHbl peKoMeHma-
LIU TI0 CHIDKEHUIO TIaICHUST HAMIPSDKEHUS OT IEWCTBUST BbIC-
LIMX TApMOHUK TOKA, B 3aBUCUMOCTH OT KO3(pPpulimeHTa Ko-
POTKOTO 3aMBbIKaHMSI CETU M BEJMYMHBI TOKOBOI Harpy3Ku
CTaJIbHBIX IIIMHOMPOBOAAX. Pe3ynbTaThl paboThl MOTYT OBIThH
HCTIOJb30BaHbI TIPU MPOEKTUPOBAHUN WM MOAEPHU3ALUN
CYIIECTBYIOIINX LIEXOBBIX CUCTEM 3JIEKTPOCHAOXEHUS, UYTO
MO3BOJIUT 00ECIIEYNTh KBATM(UIIMPOBAHHBIH MTOAX0A K hop-
MUMPOBaHUIO TPEOOBAHUI K YCTPOMCTBAM KOMIIEHCAILIUU pe-
AKTUBHOI MOIIHOCTU M TpeoOpa3oBaTessiM, SIBISIOIIMXCS
WCTOYHWKAMM TeHepalliy BEICITNX TAPMOHMK TOKA.

Kirouesble cioBa: uiuHonposod, nadeHue HanpaXceHus, Ko-
aguyuenm MoOWHOCMU, GblCUIUEe 2APMOHUKU, KOIDduyuenm
KOPOMKO020 3aMbIKAHUS, KOMNEHCAuus

Pexomendosano 0o nybaikayii 0okm. mexH. HAYK
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78 ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2019, N° 4



