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Appearance of the asymmetrical, impulsive and stochastic loadings, store inter capacitors and semiconductor modulators
in three-phase networks (3phn) substantially worsens their indexes of electric power quality, in particular such static and
dynamic indexes, as voltage unbalance, speed and size of its change. Development of analog-digital measuring devices for
determination of unbalance of three-phase voltage of fundamental frequency is an complicated problem, as analog blocks
and analog-to-digital converters of the phase channels must be realized with identical parameters. For decreasing the
parameters dispersion error of phase channels it is being suggested to measure phase voltages instantaneous’ values at
the output (a, b, c) clamps of the phase channels simultaneously during a period (20 ms) and to memorize it. Farther the
input (A, B, C) and output (a, b, ¢) clamps of the phase cannels are being switched "on a ring" with a phase step of 120.
All the operations mentioned above are being executed three times. Thus a vector error caused by dispersion of parame-
ters of the phase channels of measuring device is also being revolved with a phase step of 120°, and the vectors of the
negative voltage sequence (NVS) of the fundamental frequency (NVSFF) of the 3phn are not being revolved. Therefore the
next adding of the proper instantaneous values of different three tacts selects the instantaneous values of triple NVSFF of
the 3phn without the parameters dispersion error of phase channels. References 12, figures 3.
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Using of non-symmetrical semiconductor current modulators [1, 2] and discharging pulse
generators [3] having linear and non-linear store capacitors [4, 5], non-linear and stochastic loads
[6, 7] and forced limiting of electric current duration [8] considerably worsens indexes of electric
energy quality in three-phase mains. Therefore the problem of correct measuring indexes mentioned
above, and, in particular, improving of voltages unbalance and the speed of their changing is the
urgent and actual one.

The unbalance of mains voltages is being defined by the root-mean square value of the nega-
tive voltage sequence (NVS) of the fundamental frequency (NVSFF) and is a random value [9].
Working out of analog-digital measuring system of three-phase voltage’s unbalance is a quite com-
plicated task, as it is necessary to have analog units of phase channels with identical parameters. An
analog unit of each channel must provide a galvanic isolation, scaling and filtering of low frequen-
cies before analog-digital conversion, the error caused by parameters dispersion of each channel
adding to the error caused by measuring of voltage unbalance; usually the total absolute error of
each channel must not exceed 0.1 %. For decreasing this shortage of measuring system of electric
energy quality it is suggested in this paper to use the analogue-to-digital conversion of instantane-
ous values of phase voltages in the three-phase mains with following mathematical treatment of ob-
tained codes [10]. This approach is enough universal, because it allows to measure all the current
static indexes of electric energy’s quality of every period of the fundamental frequency as well as
dynamic indexes of the above mentioned quality with necessary accuracy [11].

For measuring the NSV it is necessary to complete two linear procedures — extracting sought
symmetrical three-phase voltage system and extracting voltage of the fundamental frequency. As a
consequence of the linearity of these procedures the first one to be completed may be any of them.
Traditionally the extracting of fundamental frequency’s phase voltages is being completed after the
analog-to-digital conversion followed by enough complicated calculation of the three-phase voltage
symmetric component. After extracting of phase voltages of the fundamental frequency these volt-
ages contain a non-informative dominant positive voltage sequence (PVS) of the same frequency,
which exceeds the NVS 25 to 50 times, and it is necessary to process obtained codes in digital de-
vices having a big word memory. These indirect methods of NVS measuring are being character-
ized by insufficient accuracy.
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Therefore the attraction should be toward the method [2, 3] using at the beginning of proc-
essing the analog-to-digital conversion of phase voltages into instantaneous values which are then
being memorized. After that codes of instantaneous values of NVSFF and three-phase voltages
higher harmonics are being extracted. It is obtained by suppressing of non-informative dominant
PVS of the fundamental frequency and majority of higher harmonics. Then codes of the fundamen-
tal frequency’s NVS are being selected. But under measuring of the NVS with the aim of any
method considerable demands to the identity of phase channels’ parameters remain. And under the
wide scatter of these parameters it is necessary to correct the error caused a scatter.

The aim of this paper is analysis of equations describing conversion characteristics of
NVSFF meters and working out correction of dominant errors under NVS measurement. The em-
phasis is on the correction of errors caused by parameters dispersion of phase channels.

Each of the three channels of the NVS meter contains connected in series analog input units:
an analog switching unit (ASUI..3), a galvanic decoupling circuit (GDC1..3), a scale conversion
circuit (SCC1..3), a low-pass filter (LPF1..3) for decreasing of possible error caused by time sam-
pling and an analog-to-digital converter (ADC1..3), a digital switch (DS4..6). Such three-phase
units [12] are reasonable to be considered together as a linear six-terminal network with three inputs
and three outputs. In general case a non-symmetrical three-phase voltage of fundamental frequency

is applied to input contacts a, b, ¢ of the three-phase unit having parameters dispersion; this three-
1
phase voltage can be introduced as the sum of a PVS symmetrical system — U 1) a>|=U 11y (@)

a
1
and a NVS one — U, ;)| a |=U,,(a-) of the fundamental frequency, a=exp(j27/3), j= J-1. Us-
2
a

ing the principle of superposition (as the circuit which is to be considered is the linear one), the ex-
pression for the output voltage of such a three-phase unit one can write that

. . . . T o .. i o
Up | = (UaZ sz Ucz) = ayUyq)(at) + BsU,y (a-) + [7/2U2(1) (a+) + yzUl(l)(a—)], (1)

ala [ =1,
75,75 — conversion factors of PVS U, (a+) and NVS U, (a-) by the three-phase unit into, ac-

where; ¢y, f, are transfer factors of PVS Ul(l)(a+) and, accordingly, NVS U2(1) (a-),

cordingly, NVS 7‘2U1(1)(a—) and PVS 7;U2(1) (a+), 7'/2‘ r ‘y';_ ‘((1, U1(1)| ) |U2(1)|.

Coefficients y, 75 characterize the size of phase channels dispersion. It is the latter that is

the reason of the opposite sequence of symmetric system’s voltages appearance. And the value of
the said dispersion sets the value of the opposite voltage. The total vector error due to the phase
voltages dispersion is given in (1) in square brackets.

The hardiest demands to this dispersion appear under NVS measurements, that is why we
will describe this case more detailed. The first item in (1) shows the effect of the PVS changing

(1/|0'cz| times), and the second one — changing of NVS (1/‘,8'2‘ times). Only the second item

PsU,py(a=) in (1) is proportional to the measured NSV. The second item y;U,,, in square brack-

ets makes the most contribution to the error caused by parameters dispersion; it can be modulo
commensurable or even bigger than the second and the only informative item in (1). This part of the
error has the same frequency and phase sequence as the voltage to be measured, and it is hard to
separate the said part and to reduce its influence on the result. And it is necessary to reduce by all
means the error caused by parameters dispersion in phase channels.
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Below the correction method of the error caused by the above mentioned dispersion is sug-
gested. According to this method instantaneous values of three phase voltages are being measured
during three periods of the fundamental frequency’s voltage (the first three steps).

1* step. . Phase voltages ua, up and uc are being accordingly applied to phase inputs a, b, ¢
through analog switching units ASU1..3 of galvanic decoupling circuits GDC 1...3 during the first
period. Instantaneous values of voltages from outputs A, B and C of according analog-digital con-
verters ADC1...3 through digital switches DS4...6 are being written respectively into memory regis-
ters RA, RB and RC. The measurement result is (Fig 1):
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uy, ®———m GDC]1 —» SCC1—» LFF1 —»ADC] —»8——p8 FA
B
ug ®———» (GDCI —» SCC2 —» LFF2—» ADCI —»8——— EE
c
uc ®———»» GDC3 —» SCC3 —»LPF3 ®ADC3 —*»—»w» RC

a

Fig. 1
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2" step. Phase voltages uc, ua and ug are being accordingly applied to phase inputs a, b, ¢
through analog switching units ASU1..3 of galvanic decoupling circuits GDC 1..3 during the sec-
ond period. Instantaneous values of voltages from outputs A, B and C of according analog-digital
converters ADC1..3 through digital switches DS4..6 are being written respectively into memory
registers RC, RA and RB. The measurement result is (Fig 2):

ASUI-3 a DS4-6
Ua GDC1 —» SCC1—» LPF1 —»ADC]1 —»® RA
B
Ug GDC2 —» SCC2 —»LPF2—» ADC2 RB
c
uc GDC3 —» SCC3 —»LPF3—» ADC3 —» RC
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Fig. 2

(Uys Ugs Ucz)Tz=dzU1(1)(a+)+BzUz(U(a—)+a[?'zUz(1)(a+)+YzUl(U(a—)]zBUz(l)(a—)Jraﬁ’Ul(l)(a—)-

Such kind of phase channels commutation gives the circle’s rotation of the vector error (with

the step of 120°) caused by parameters dispersion of phase channels. At that vectors of mains
NVSFF do not rotate.
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3" step. Phase voltages ug, uc and us are being accordingly applied to phase inputs a, b, ¢
through analog switching units ASU1..3 of galvanic decoupling circuits GDC 1..3 during the third
period. Instantaneous values of voltages from outputs B, C and A of according analog-digital con-
verters ADC1..3 through digital switches DS4..6 are being written respectively into memory regis-
ters RB, RC and RA. The measurement result is (Fig 3):

ASUI-3 a D54-6
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B
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c
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Fig. 3
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(U Uy U )ls =50 (at)+BsUsn (a=)+a> [0, (a+ )+ 75Uy ) (a=)|= BU o (a=)+a>§Uy 1 (a-).

4 step. Every three instantaneous values of according time samples which are accumulated
in registers RA, RB and RC during three previous steps are being accordingly added. Results of this
adding are respectively stored in memory register RX :

For single phase voltage: Uyoy + Uspur + Usour = 3PU,;, and for three phase voltage:
(Uys sz Ugs ),TE = (Uys Ups , Ucz )0 +(Uy Uy Ug )" +(Uy Uy Ug )5 =
=3(agUy)(a+)+BsUs)(a=)) = 3pUy (a—).

5" step. Then the NVSFF is being extracted.

Symmetric voltages of the opposite sequence comparing with the sequence of voltages
which are applied to units’ inputs also are being appeared at outputs of this measurer.

Conclusion. The obtained result contains the triple value of the sought NVS, and the error
caused by parameters dispersion of phase channels completely disappears.

This voltage is being defined by the appropriate conversion factor and characterizes the dis-
persion value of meter’s parameters. It is this component that can produce the one which will be
dominant or commensurable with the sought NVSFF. Therefore it is necessary to complete addi-
tional correction of this error for increasing of accuracy’s measurement of the NVSFF.

In the case of absence of additional correcting the influence of the above described error can
be insufferable big. For example, under measuring of the unbalance coefficient in the limits of 2...5
% it 1s simply impossible to use type HCPL 7850 modules having 5 % gain coefficient’s dispersion
for galvanic isolation of each phase voltage without additional correcting. Even the use of expen-
sive type AD210 modules having 0.1 % gain coefficients’ dispersion makes great limitations on the
total error of NSV measuring.
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BU3HAUYEHHSI HEBAJIAHCY TPU®A3HUX HAIPYI 3 BUKOPUCTAHHSIM AHAJIOTO-LIU®POBUX
MEPETBOPIOBAYIB IiX MUTTEBUX 3HAUEHb TA MATEMATHYHOI OBPOBKHA OTPUMAHMX KOIIB
Tosisa HecumempuuHux, IMRYICHUX | CIOXACMUYHUX HABAHMAIICEHb, NPOMIJICHUX HAKONUYYBANbHUX KOHOEHCAMOPIE i
HanignpoGIOHUKOBUX MOOYIAMOPIE y MPUDAZHUX Mepedicax eleKmponoCmaiaiHs Cymmeso Nocipulye iXHi NOKA3HUKU
AKOCMI eneKmpoeHepeii, 30Kpema maxi cmamudni ma OUHAMIYHI NOKA3HUKU, K HeOANAHC Hanpyeu ma weuoKicmo i
senuuuna it sminents. Po3pobxa anano2o-yuposux eumipiosauis s 6U3HAUeHHs Hebalancy mpugasnoi nanpyeu oc-
HOBHOI yacmomu € 0oCUmMyb CKIAOHOI0 3a0ayero, OCKLIbKY anano2osi b1oku ¢gasnux kauanis i ALl neobxiono peanizo-
sysamu 3 i0enmuuHuMU napamempamu. s Kopekyii noxudxku 6i0 po3Kudy napamempie anano2o-yuposux azHux
KAHAI8 8UMIPIOBAUI8 HeOANANCY MPUDAZHUX HANPY2 NPONOHYEMbCS OOHOYACHO 00UH PA3 3a Nepiod KOIUBAHb HANPY2U
ocnosHoi wacmomu 6xioni (A, B, C) ma euxioni (a, 6, ¢) samuckaui ¢paznux kananie nepexmovamu "no xinoyro" 3 gas-
num kpoxom 120° ma eumipiosamu sexmopu euxionoi nanpyeu. Ilpu ybomy eekmopha noxubra 6io poskudy napamem-
pi6 asnux kananie sumipiosaua mexc obepmaemvcs 3 gaznum kpoxom 120°, a eexmopu nanpyau 360pommoi nocrioo-
enocmi (H3I1) ocnosnoi wacmomu enexmpomepedxci e obepmaiomocsi. Tomy HacmynHe CKIAOAHHs 8IONOGIOHUX KOO8
MUMMEBUX 3HAYEHb OMPUMAHUX MPLOX 6EKMOPI6 pisHux maxkmis oae nompoeny H3II ocnoenoi yvacmomu b6e3 noxubxu
8i0 po3Kkudy napamempie gasnux kananis. bion. 12, puc. 3.

Koarouosi ciioBa: TpudasHi HarpyrH, psiMa Ta 3BOpOTHA ITOCITIIOBHOCTI, SIKICTh €IEKTPOSHEPTii.

YK 621.317.789

JA.K. MakoB, kaH1 TeXH. HayK, A.l. AHTOHIOK

Harmmonanessiit yHuBepcuteT YKpanHs! «KueBckuil moauTeXxHn4eckuit HHCTUTYT M. Mropst CHKOpCKOTO,

mp. [To6ener, 37, Kues, 03056, Ykpanna

OIIPEJIEJIEHUE HEBAJIAHCA TPEX®A3HBIX HANPSI)KEHUI C UCNOJb30BAHUEM AHAJIOIO-
IUPPOBBLIX MPEOBPA3OBATEJEN NX MITHOBEHHBIX 3HAYEHU 1 MATEMATHYECKOM OB-
PABOTKHU NOJYYEHHBIX KOJOB

Ilossnenue HeCUMMEMPUUHBIX, UMNHYIbCHBIX U CTOXACIMUYECKUX HASPY30K, NPOMEHNCYMOUHBIX HAKONUMNENbHBIX KOHOEH-
€camopos u NoAynPoBOOHUKOBbIX MOOYIANOPOE 8 MPeXPA3HbIX Cemax INEeKMPOCHADICEHUS CYWECTEEHHO YXYOuldem ux
noxasamenu Kavecmea 3NeKmpoIHep2ull, KI0UAs maKue cmamudeckue u OUHamMuiecKue noKasamenu, Kax Hebananc
HAanpsicenusl, CKOPOCms U eenuduna ee usmenenus. Paspabomxa anano2o-yugposvix usmepumeneti 0ia onpeoeieHus
KO3(puyuenma Hecummempuu mpex@asHo20 HANPAICEHUS OCHOBHOU YACOMbL AGIACMCA OOCMAMOYHO CIONCHOIL
3a0auetl, NOCKOIbKY aHan02o8vle 010Kku asuwix kananos u AL[Il Heobxooumo peanuzo8vieams ¢ UOSHMUYHbIMU NAPA-
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Mempamu. J{is Koppekyuu nospeunocmu om pazopoca napamempos aHaio2o-yu@posvix GasHuix KaHAI08 usmepume-
Jell Hebananca mpexgasHblx HanpsceHull npediiazaemcst 0OHOBPEMEHHO 00UH pa3 3a NePuoo KOJeOAHUL HANPsHCeHus
ocHoerou uacmomul éxooHvle (A, B, C) u svixoonvie (a, 6, ¢) 3axcumvl asHbix Kanaioe nepexiouams "no koavyy" c
asnvin wazom 120° u uzmepsmo eexmopui 6v1x00H020 Hanpsvcenus. TIpu 5mom 6eKmMopHas NOZPEUWHOCTL OMm pas3-
6poca napamempos Gaszuvix Kananos uzmepumens modice epauwaemcs ¢ Gasuvim wazom 120°, a eexmopwl Hanpscenus
obpamuou nocredosamenviocmu (HOII) ocnosHou uacmomul snekmpocemu He gpawjaromes. Ilosmomy credyrouue
CILOJICEHUSL COOMBEMCMBEHHBIX KOO08 MCHOBEHHBIX 3HAUECHULL NOJLYHEHHbIX MPex 6eKMOpPO8 PA3HbIX MAKMO8 daem Y-
poennoe HOII ocrogrotl uacmomsl Oe3 nozpewHocmu om pazopoca napamempos ¢asuvix kananos. bubmn. 12, puc. 3.
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FEATURES OF INFLUENCE OF THE HIGHER HARMONICS ON CHOICE
PARAMETERS USBARS OF WORKSHOP NETWORKS
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The universal criteria, which allows for the effective and calculated values of the network power factor optimally choice
the busbar configuration, also the parameters of reactive power compensation devices for reducing of power and volt-
age losses in three-phase systems of shop electric power supply was developed. The modified technique of preliminary
estimation of the voltage losses in busbar trunk lines on the power factor of the network taking into account the higher
harmonics content of the busbar current is developed. This will provide a qualified approach to the formation of
requirements for the construction of current conductors and converters, which are sources of generation of the current
harmonics. References 10, figures 2, table.

Key words: busbar, higher harmonics, compensation, voltage, power factor.

Introduction. The production of metallurgical energy-intensive products, the provision of
technological operations applying hoisting and transport mechanisms, including crane electric
drives in the shops of enterprises is very powerful. Therefore, for modernization own power sys-
tems of enterprises of the Ukrainian metallurgical industry requires the application of modern solu-
tions in the field of energy resource saving. The wide use of power semiconductor converters in all
industries allowed increased the energy efficiency of industrial mechanisms, to reduce energy con-
sumption, and to improve the quality of manufactured products. The introduction of frequency-
controlled electrical drive systems, rectifiers and other semiconductor converters leads to the gen-
eration of higher harmonic components in DC and AC current conductors, and also negatively af-
fects the network power factor, which are standardized by the relevant standards of electromagnetic
compatibility [1]. The presence of higher harmonics in the current conductors also provides addi-
tional voltage power losses. Therefore, to suppress them to the allowable standards, knowledge of
the network configuration and detailed calculation of the power system is required.

Analysis of last researches. Now, there is a significant amount of work devoted to the in-
fluence of current higher harmonics on the losses in the main elements of the network: electrotech-
nical converters [2], semiconductor converters [3], synchronous and asynchronous electric drive
systems [4] and etc. The known engineering techniques for selecting and calculating current con-
ductor parameters for shop networks (shape, geometry, relative locations) [5] not allow to taking
into account the influence of current higher harmonics on the voltage losses in the shop networks,
power losses, changing of balance of active and reactive capacities, network parameters, non-phase
symmetry. For determining the reserve of a possible increase efficiency coefficient by compensat-
ing pulsations of active and reactive powers, also a constant component of reactive power in electric
supply systems in the works [6, 7] by authors were researched. The researches allowing to evaluate
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