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Purpose. Development of a three-phase power supply for a single-phase resistance welding machine (RWM). The
presented power supply utilizes active power factor correction and draws balanced grid currents. Usage of such power
supplies allows ensuring electromagnetic compatibility of the RWM with the power grid.

Methodology. A mathematical model of the three-phase power supply for single phase RWM based on the fre-
quency converter with direct coupling is developed. The model accounts for welding circuit parameters. Converter
input and output currents, converter output voltage are shown. The following power quality parameters of the devel-
oped RWM power supply are calculated: power factor, harmonic distortion of input currents, negative sequence cur-
rent ratio.

Findings. To ensure minimum power losses in the power grid, RWM power supply should present a symmetrical
active load to the supply network. In case of symmetrical mains voltages, the consumed instantaneous active power is
constant. On this basis, the RWM power supply converter operates in a rectifier mode providing constant power to the
load. To avoid RWM transformer biasing and to prevent saturation of its magnetic core, the polarity of the converter
output voltage is periodically changed. Thus, the primary voltage of the transformer has a form close to rectangular.
Formation of the inverter output voltage with a predetermined amplitude and frequency is done by six bidirectional
switches with pulse width modulation control. The developed control method allows controlling converter input cur-
rents to be proportional to the corresponding phase voltages.

Originality. The theoretical basis for the creation of new RWM power supplies with high energy efficiency and
electromagnetic compatibility with the power grid is proposed.

Practical value. The use of the direct matrix type converter with developed control algorithm for RWM supply
makes it possible to ensure the power supply electromagnetic compatibility with the power grid and to improve its
energy efficiency by forming symmetrical input currents and eliminating reactive component of the input currents.

Keywords: resistance welding machine (RWM), power supply, matrix converter (MC), power factor

Introduction. Resistance welding machines (RWM)
are widely used at enterprises of machine-building in-
dustry. Depending on the thickness of the welded prod-
ucts, power supplies (PSs) of these machines are divid-
ed into AC power sources, the rectified current sources
and the capacitor (electrostatic energy storage) PS. Re-
gardless of the type of RWM PS, they have a common
feature, namely, they are non-linear consumers of elec-
tricity, which is caused by the use of thyristor circuits to
control the welding process. The level of power con-
sumption of RWM’s PS is large enough, and their pow-
er factor (PF) ranges from 0.4 to 0.7 [1—4]. In addition
to low energy efficiency, such PSs have a negative influ-
ence on the electric power quality at the point of com-
mon coupling (PCC), especially when multiple single-
phase PSs, unevenly distributed between phases of the
three-phase network, are working simultaneously. This
eventually leads to a reduction of the welding process
quality.
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Unsolved problems. The problem of increasing of re-
sistance welding machine power supplies PF and of en-
suring their electromagnetic compatibility with the
mains is not new. The works of such scientistsas V. K. Le-
bedev, A.A. Pismennyi [1], A.V. Lebedev, P. M. Ruden-
ko and V.S.Gavrish [2] (Ukraine), A.S.Klimov,
V.S.Klimov, A.A.Gerasimov, A.N.Antsiborov (Rus-
sia), J.Saleem, B.Oelmann, K.Bertillson (Sweden),
L.J.Brown, M.Salem, W.Li, E.Feng, D.Cerjanec,
Gerald A. Grzadzinski (USA) are devoted to resolving
this problem.

Developments in the direction of improving the
control methods of existing thyristor RWM power sup-
plies and of using RWM inverter-based power supplies
are under way [1]. In both cases, the problem of ensur-
ing electromagnetic compatibility may not always be
completely solved, and, in the global trend towards en-
ergy efficiency improvement, it does not lose its rele-
vance. Furthermore, in the process of the development
of new power supplies for RWM, one should take into
account the new power quality standards (DSTU IEC
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61000-3-2:2004, 61000-3-4:2004), which possess the
limits for the input harmonic current emissions. This
also confirms the relevance of the problem.

Analysis of the recent research. As noted above, the
work of scientists is aimed mainly at the improvement of
thyristor-based power supplies. Today, the task of bal-
ancing grid currents is dealt with in a variety of ways. In
the works of V.K.Lebedev, the schematic solutions to
provide symmetrical (or quasi-symmetrical) current
consumption, are considered. The main disadvantages of
these schemes are high THD of the consumed currents
(80—90 %) and the need for a low-frequency transformer.

In [5], the operation of power supply, which is based on
the frequency inverter with an intermediate DC link, was
investigated. An uncontrolled six-pulse rectifier is installed
at the input of this converter. The inverter utilizes one of the
widely used topologies: full-bridge, half-bridge, push-pull.
The use of an uncontrolled rectifier without additional fil-
tering leads to a high THD of consumption currents (about
50—60 %), although allows achieving symmetrical currents

consumption from the power grid phases.

Unsolved aspects of the general problem. Although it
is possible to achieve a symmetrical current consump-
tion with the known schemes and control methods, the
problem of electromagnetic compatibility of RWM
power supply with the power grid remains relevant.

Objectives of the article. One solution to this prob-
lem is the additional installation of an active power fil-
ters and/or balancers (APFB) [6]. The choice in favor of
APFB is obvious in view of the non-stationary loads due
to the welding process. However, in terms of economic
efficiency, this approach is not always expedient to the
industry, although it has a number of technical advan-
tages. Thus, the use of APFB allows ensuring balancing
of input currents, VAR and harmonic current compen-
sation, and — in the case of using series APF — to pro-
vide voltage stabilization (within fixed power). Another
advantage of the use of APFB is the opportunity to use
existing power supplies. The main disadvantage of active
APFB is their high cost, commensurate with the value of

the RWM power supply.

In this regard, the purpose of the work can be formu-
lated as to develop a three-phase power supply for the
single-phase RWM, which utilizes active power factor
correction and draws balanced grid currents. Using such
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power supplies allows ensuring electromagnetic com-
patibility of the RWM with the power grid.

Presentation of the main research. The three-phase
power supply for the single-phase RWM is a series-con-
nected converter (Fig. 1) and a welding transformer to
the output of which the welding circuit with the imped-
ance Z is connected.

The converter is connected to the electrical grid
through the passive LC-type filter. This filter prevents
PWM frequency currents from flowing into the grid.
The main task of the converter is forming a predeter-
mined welding current. The input signals to the convert-
er control are the primary current and voltage measured
by corresponding sensors (current sensor CS (6), volt-
age sensor VS (7), Fig. 1).

In this paper, the use of the direct matrix converter
(MC) is considered. A feature of the MC is that the out-
put voltage is fed directly to the load from the power grid
without an intermediate DC link. Three-to-one phase
matrix converter consists of six bidirectional switches,
each of which connects one phase of power grid directly
to the load (Fig. 2).

Bidirectional switches can be formed as two series-
connected transistors with antiparallel diode. The transis-
tor gates are connected to the control unit (CU) (4, Fig. 1).

The converter control utilizes pulse width modula-
tion (PWM) with a high switching frequency. MC is
connected to the power grid through the passive three-
phase input filter (/, Fig. 2) which filters out high fre-
quency components of the input current, occurring due
to the commutation of the bidirectional switches. By
adjusting the duty cycle of the control pulses generated
within the control unit (CU, Fig. 2), one can control the
MC to provide output voltage with controlled amplitude
and frequency.

It is known that the minimum power losses in the
power grid may be obtained by providing the propor-
tionality between the consumed currents and the corre-
sponding phase voltages. That is, the MC should pres-
ent a symmetrical active load to the grid. When forming
a continuous MC output current, duty cycle of switches
control pulses of matrix converter should be proportion-
al to the corresponding absolute values of the instanta-
neous phase voltages. In this case, if the voltages are
symmetrical, local average (averaged over the PWM cy-

|_|
W
W

Converter

| I
! |
I |
! |
7 I |
|
17 z
I |
! |
6 I i
| I I
! ' | | Welding |
! Welding 1 circuit !
y | transformer | | I

Control unit

Fig. 1. Block diagram of connecting the RWM to the power grid
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Fig. 2. Simplified circuit diagram of a matrix converter

cle) output voltage of the MC will be constant, so the
consumed active power is also nearly constant.

DC current flowing through the primary winding of
the welding transformer will lead to magnetic saturation
and to significant increase in power losses.

The saturation can be avoided if the MC output volt-
age polarity is periodically changed to ensure the equality

7:1”!
[ Uu(nydi =0, (1)
0

where U,,(?) is MC output voltage, V; T,,,is MC output
voltage period, s.

Period has to be chosen as large as possible to fully
utilize transformer core while avoiding its saturation.
Maximizing T,, has the benefits of reducing influence
of secondary (welding) loop inductance and transform-
er leakage inductance on the welding current. The trans-
former output characteristic becomes “stiffer” allowing
higher welding current and/or ensuring good welding
quality during supply voltage sags.

That is, if the input voltages are symmetrical and si-
nusoidal, the converter generates an output voltage of
rectangular shape and low frequency.

Formation of the output voltage of a predetermined
(low) frequency is performed in the control unit. The
input signals to the control unit are input voltages, pre-
determined output voltage and current, and modulation
signal with PWM carrier frequency.

For the sake of simulation clarity the initial phase
shift of the grid phase A4 voltage assumed to be zero,
phase voltages are assumed to be symmetric with posi-
tive sequence and sinusoidal. Conventionally, mains
voltage period is divided into six sectors. The first and
fourth sectors correspond to the highest absolute value
of the instantaneous voltage of phase B (the first — with
a negative voltage of phase B, the fourth — with a posi-
tive), the second and the fifth ones — phase A4 (the sec-
ond — with a positive voltage of phase A, the fifth — with
a negative), the third and sixth ones — phase C (the
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third — with a negative voltage of phase C, the sixth —
with a positive).

Choosing the desired pair of switches for positive
polarity of the output voltage occurs in the control unit
according to Table 1. Listed in Table 1, the duty cycle of
the control pulses to Q1—Q6 are calculated by the fol-
lowing expressions

— uA (t) ) Uout . — _uB (t) 'Uout .
Yosu2 7 1802
—u.(t)-U,,
— ou, ; 2
1sU2 @)

D,=-D; D,=-D,; D,=-D,

where u,(?), ug(f), uc(f) are instantaneous phase mains
voltages, V; U, is the converter output voltage (constant),
V; U, is the magnitude of the phase mains voltage, V.

To generate the negative polarity of output voltage
control signals of switches Q/—QJ3 and Q4—Q6 are re-
versed (Table 2).

The input signals for the controller are three mains
voltages and three phase currents fed to the controller
ADC via signal conditioning circuits. Current sensors are
ACS758 ECB-200B-PFF-T. Voltage measurement is per-
formed using resistive voltage dividers. Setting the ampli-
tude and frequency of converter output voltage is fed via
the input devices (e.g. keyboard) to the controller. The
desired sector is determined by the control system in real
time by comparing the voltage grids against each other.
The duty cycles of the control pulses to Q1—Q6 are calcu-
lated by the expressions (1) and fed with a PWM generator
to the transistor gates according to Tables 1 and 2.

The IGBT modules DIM200MBS12-A000 are used
as bi-directional switches. This module is designed for
voltages up to 1200 V and currents up to 200 A. IGBT
control circuit is made using a FOD3184 specialized op-
tocoupler drivers. The control system is based on a ST-
M32F100C6T6B ARM microcontroller.

Figs. 3 and 4 show diagrams of input and output
voltages and currents of RWM power supply.
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Table 1
Choosing a pair of switches to obtain positive output voltage
Sector, el.deg. 0...60 60...120 180...240 240...300 300...360
01 D1 1 0 1-D2-D3
Q2 1-D1-D3 0 1 D2
03 D3 0 0 D3 1
04 0 1-D5-D6 D4 1 D4
05 1 D5 1-D4-D6 D5
06 0 D6 D6 1-D4-D5
Table 2
Choosing a pair of switches to obtain negative output voltage
Sector, el.deg. 0...60 60...120 120...180 180...240 240...300 300...360
01 0 1-D5-D6 0 D4 1 D4
(0] 1 D5 0 1-D4-D6 0 D5
03 0 D6 1 D6 0 1-D4-D5
04 D1 1 D1 0 1-D2-D3 0
05 1-D1-D3 D2 1 D2 0
06 D3 1-D1-D2 0 D3 1
LA UV
* Uoul(®)
2001 600
400 :
1001 / bour(?)
200
wt, el. deg.
0 50 100 150 200 230 300 35 MH 5 ew
=200
-100t
—400 HH
-200+ —600
Fig. 3. The MC output voltage and output current diagrams
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Fig. 4. The MC output current and input currents diagrams
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Power supply parameters are as follows: switching
frequency 3.2 kHz, output voltage — with rectangular
shape, 25 Hz frequency and 300 V amplitude, trans-
former leakage inductance is 0.6 mH, total active resis-
tance is 2.5 ohms (referred to primary); input filter in-
ductance is 0.1 mH, the input filter capacitance is 24 uF.
THD of the input currents is about 15 %, power factor is
about 96 %, and currents unbalance coefficient is about
1.7 %. These characteristics are much better than those
of the thyristor-based RWM power supplies [1].

Conclusions and recommendations for further re-
search. A new schematic solution of the power supply
for resistance welding machines, based on the principle
of direct three-to-one phase conversion, is proposed.
The control method, which allows providing high ener-
gy efficiency, was designed. The power supply has al-
most unity power factor. It allows ensuring minimum
consumption of reactive power from the electrical grid
and provides symmetrical current consumption on all
three phases of the mains. Low input currents THD al-
lows providing compliance of the input harmonic cur-
rent emissions to the DSTU IEC 61000-3-2:2004,
61000-3-4:2004 standards.

The perspectives include further development of the
converter control methods which will allow using power
supply for the RWM as VAR compensator and active
harmonic filter with limited capacity.
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Meta. Po3pobka mxepesa KUBJAEHHS ogHO(Ma3HO1
MAaIlIMHU KOHTAKTHOTO 3BapIOBaHHS, 1110 JO3BOJISIE TIPU
BKJIIOUEHHI loro 10 Tpuda3zHOI Mepexi OTpUMaTH BU-
COKMIT KOe(ILIiEHT MOTYXXHOCTI i CUMETpUYHE 3aBaH-
TaxkeHHsI (a3 MepexXi pu 3a0e3rneyeHHi eJeKTpomar-
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HITHOI CyMiCHOCTi MallIMHU KOHTAaKTHOTO 3BapIOBAHHS
3 eJIEKTPUIHOIO MEPEXKEI0.

Mertoauka. Po3pob6ieHa MaTeMaTu4Ha MOJE/b TPU-
¢azHoro mKepesa KUBJASHHS IJIs 0oNHO(a3HOI MAITUHUA
KOHTAaKTHOI'O 3BaplOBaHHSI Ha OCHOBI MepeTBOpIOBavya
YacTOTHU 3 Oe3mocepeaHiM 3B’SI3KOM, 110 BKJIIOYAE MO-
JIETIOBaHHS Oe3MOCepeIHbOTO MEPETBOPIOBaYa 4acTO-
TU. OTpUMaHi 3aJIEXXHOCTI BUXiTHUX HAIIPYTH i CTpyMy
MepeTBOpIOBaYa 3 ypaxyBaHHSM MapaMeTpiB 3Bapio-
BaJILHOTO KOJ1a, a TAKOX BXiTHUX CTpyMiB. Po3paxoBaHi
MOKA3HUKU PO3POOJICHOTO IKEpesia XXUBJICHHS Mallli-
HU KOHTaKTHOTO 3BaploBaHHsI: KOeMilli€HT MOTY>XKHOC-
Ti, KOe(ilieHT HECUHYCOINATBHOCTI BXiTHUX CTPYMIB,
KoedIillieHT HeCUMETPil o 3BOPOTHIH MOCTiTOBHOCTI.

Pesyabratu. /lis 3aGe3rneyeHHs] MiHIiMyMy BTpar
MOTY>XKHOCTI B MEPEXI KEPENIO KUBJIEHHS IO BiIHO-
LIEHHIO 10 OCTAHHBOI MOBUHHO MPEICTABIISITU CUMeE-
TpUYHE aKTUBHE HaBaHTaxeHHs. [Ipu upomy, y pasi
CHMETPUYHUX HaINpyr MEpEeXi, CMoXMBaHa aKTHUBHA
MOTYXHICTh € MOCTiliHOW0. Buxonsuu 3 1poro, nepe-
TBOPIOBAY XXMBJIEHHSI TpaHCHOpMAaTOopa MallIMHU KOH-
TaKTHOTO 3BapPIOBAHHS MPALIOE B PEXUMi BUIIPSIMIIIYA
3 MiATPUMAHHAM 33JaHO1 TOTYXXHOCTi. 1100 yHUKHYTH
MmiaMarHiyyBaHHs TpaHchopmaTopa MalllMHU KOHTaK-
THOTO 3BapiOBaHHS 1 HEAOIYIIEHHsT HACUYEeHHS, TI0-
JISIPHICTh BMXiJHOI HAIIPYru II€peTBOpIOBava IMepio-
JIIMYHO 3MiHIOEThCS. TakuM YMHOM, TIEpBUHHA HaMpy-
ra TpaHcopMaropa Ma€e BUTJISI, OIM3bKUIA 1O MPSIMO-
KyTHOro. @opMyBaHHSI BUXiIHOT HATIPYT'U MIEPETBOPIO-
Baya i3 3a1aHOI0 aMILTITYI010 I YaCTOTOIO 3MiACHIOETh-
cs LIiCTbMa ABOHAMpPABICHUMU KIIOYAMU METOIOM
IIUPOTHO-IMITYJIbCHOI MOJYJISILIT BiAMIOBITHO 10 PO3-
pobJeHoro criocody, 110 J03BOJIsIE 3a0€3MeYUTH MPo-
MOPLIHICTh MEPEXEBUX CTPYMiB MepeTBOpIOBava Bifl-
MOBiAHUM (pa3HUM HaAMpyram.

HaykoBa HoBu3Ha. P0o3po6iieHi TeOpeTUYHI OCHOBU
CTBOPEHHST HOBUX JIKEPEeJT XXUBJICHHS MAlllMH KOHTaK-
THOTO 3BaplOBaHHS, IO MAlOTh BUCOKI €HEPreTUYHi
MOKA3HUKU ¢ 3a0e3MeUy0Th eJIEeKTPOMAarHiTHY CyMic-
HICTb i3 MEPEKEIO KMBJICHHS.

IIpakTHuna 3HaUMMicTb. BUKOpUCTaHHS 11 XKUB-
JIEHHST MallIMH KOHTAKTHOTO 3BaplOBaHHsI Oe3rmocepe-
HBOTO TEpPETBOPIOBaYa YacTOTU MATPUYHOTO THILY,
YOpPaBJIiHHS SIKUM 3IIMCHIOETHCS 32 PO3POOJIECHUM ajl-
TOPUTMOM, A€ MOXJIMBICTh 3a0€3MeUnUTH eJIeKTpOoMar-
HITHY CYMICHICTh IIKepeia 3 MEepeXer XXUBJICHHS U
MiABULIUTHU AOTO eHeproe(eKTUBHICTh 32 PAXyHOK CU-
METPUYHOTO 3aBaHTaXeHHs (a3 Mepexi Ta yCyHeHHs
PEaKTUBHOI KOMITOHEHTH CITIOXWBAHOTO CTPYMY.

KimouoBi ciioBa: mawuna KoHmaKmmo2o 36apoeanHsl,
0dicepeno JcueneHHsl, nepemeopro8ai MampuuHo20 Muny

Iems. PazpaboTka MCTOUHMKA MUTAHUST OJHODA3-
HOM MalllMHbl KOHTAaKTHOM CBapKU, II03BOJISIIOLIETO
MPU BKJIIOYEHUU €T0 B Tpex(ha3HyIo CEeTh MOJYYUTh BbI-
COKMI1 KO3(G@UIIMEHT MOIIHOCTM WM CUMMETPHUYHYIO
3arpys3Ky ¢a3 ceTu npu odecrieueHun 3JeKTPOMarHuT-
Hoit coBmecTuMocT MKC ¢ 2/1eKTpUYeCcKOil CeThlo.

Metoauka. PazpaboraHa MaTemMaruyeckasi MOJEb
Tpex(a3HOro MCTOYHMKA MMUTAHMS IS OTHO(A3ZHOM
MaIlIMHBI KOHTAaKTHOM CBapKM Ha OCHOBE ITPeoOpas3o-
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BaTelIsl YaCTOTBI C HEITOCPEACTBCHHON CBSI3bIO, BKITIO-
Yalolasi MOACIMPOBaHNE HEITOCPEICTBEHHOTO IIPe00-
pazoBaTesrst 4acToThl. [1oydeHbI 3aBUCUMOCTH BBIXOI -
HBIX HaIpsDKeHUST M TOKa IpeoOpa3oBaTelis C yUeTOM
napamMeTpoOB CBapOYHOM IIEMU, a TaKXKe BXOMTHBIX TO-
KoB. PaccuuTaHbl mokasarenu pa3pabOTaHHOTO UCTOY-
HUKa MUTAaHUSI MAllMHbI KOHTAKTHOI CBapKu: KO3(-
(uimeHT MOIHOCTH, KOG GUIIMEHT HECUHYCOUAATb-
HOCTU BXOIHBIX TOKOB, KO3((DUIIMEHT HECUMMETPUU
10 0OpaTHOM MOCIeI0BAaTEIbHOCTH.

Pesyabratel. [[151 obecrieueHUsI MUHUMYMa TIOTEPh
MOIITHOCTH B CETH UCTOYHUK ITUTAHUS TI0 OTHOIICHUIO
K TIOCTIeTHEN MOJDKEH TIPEICTaBISITh CUMMETPUIHYIO
aKTUBHYIO Harpy3Ky. [1pu aToM, B Cilyyae CUMMETPUI-
HBIX HaNpsCKEHUN CeTH, IoTpebisieMasl aKTHBHAS
MOIIIHOCTb SIBJISIETCS TTOCTOSIHHOM. Mcxoms m3 3Toro,
npeodpa3zoBaTesIb MATAHUS TpaHCc(hopMaTOpa MallIMHbI
KOHTaKTHOU CBapKM paboOTaeT B PeXXKUME BBIIPSIMUTE-
JIsl ¢ TIoAepXKaHWeM 3alaHHOW MolllHocTU. Bo u3be-
’KaHMe MOAMarHMYMBaHUS TpaHchopMaTopa MallluHbI
KOHTAKTHOM CBapKu W HETOMYIIEHNSI HACBIILIEHUS T10-
JIIPHOCTb BBIXOJTHOTO HATIPSIKEHUsT TIpeoOpa3oBaTerist
rnepuoanYeck MeHsieTcs. Takum obGpa3om, TiepBUY-
HOe HampsDkeHUe TpaHcdopMaTtopa uMeeT BU, OJI13-
KHit K IpsIMOyToJibHOMY. POopMHUpOBaHKE BBIXOTHOTO
HaTIpsDKeHUSI IpeoOdpa3oBartesis ¢ 3aMaHHON aMIUTUTY-
JIOM ¥ 4aCTOTOM OCYILECTBIISIETCS IIECThIO IByHAIIPaB-
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JICHHBIMM KJTIOUaMHM METOIOM IMHPOTHO-UMITYIECHOMN
MOMYJISIIIUY B COOTBETCTBUHM C Pa3pabOTaHHBIM CTIOCO-
OOM, IO3BOJISIIOIIMM OO0€CIIeUUTh MPONOPLIMOHAJIb-
HOCTh CETEBBIX TOKOB IpeoOpa3oBaTelisi COOTBETCTBY-
101IUM (Da3HBIM HATIPSKEHUSIM.

Hayunasi HoBu3Ha. Pa3pabGoTaHbl TeopeTHYecKue
OCHOBBI CO3IaHUsI HOBBIX MCTOYHUKOB MUTAHUSI Ma-
IIWHBI KOHTAKTHOM CBAPKM, UMEIOIINX BEICOKME DHEP-
reTMIecKHe ITOKa3aTe)IM U 00eCIeunBaoIIe JIEKTPO-
MAarHUTHYIO COBMECTUMOCTD C TTUTAOIICH CEThIO.

IIpakTuyeckasi 3HauumMocTh. Mcnosb3oBaHue st
MMUTAaHWS MAIIMHBI KOHTAKTHOW CBapKW HEIOCpen-
CTBEHHOTO IIpeoOpa3oBaTellsi YacTOTHl MaTPUIHOTO
THTIA, YIIPaBJIeHNE KOTOPBIM OCYIIECTBIISICTCS 10 pa3-
paboTaHHOMY aJIrOPUTMY, JaeT BO3MOXHOCTb O0ecIie-
YUTDH 3JCKTPOMATHUTHYIO COBMECTUMOCTh MCTOUYHHUKA
C MUTAIOLIEH CEThIO U TIOBLICUThH €T0 dHEProaddex-
TUBHOCTD 32 CYET CUMMETPUYHOM 3arpy3Ku ¢a3 ceTu 1
YCTpaHEHMSI peaKTUBHOM KOMIIOHEHTHI MOTPebJIsieMO-
IO TOKa.

KiioueBble c10Ba: mMawuna KOHMaKmHol c6apku, uc-
MOYHUK NUMAHUS, NPeodpa30eamens MAampu14Ho20 Muna,
K02¢hpuyuenm mowHocmu
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JTOCIIIKEHHA AIi JMOEPEHIINHO-®A3ZHOI'O 3AXUCTY CUCTEM
3BIPHUX IIINH HAITPYI'OIO 110-750 KB

Purpose. The choice of the optimal method from the technical point of view of implementing the algorithm for com-
paring the phases of the feeder currents in differential-phase protection of busbar systems with voltage of 110—750 kV.

Methodology. During the studies methods of mathematical modeling and simulation of steady and transient ex-
ternal and internal short circuits were used to analyze the behavior of the reacting organ of differential-phase busbar
protection. The empirical method was implemented for studying the functioning of the technology of the differential-
phase busbar protection, as well as the comparative analysis method to select the most perfect method for operating
protection algorithm.

Findings. There were received oscillograms of steady and transient conditions of the power system, the action or
no-action of differential-phase busbar protection was fixed, particularly, the time of the action and the time of trip of
circuit breaker in condition with short circuit within the protected area were fixed. Conclusions about the appropri-
ateness of application of each of the developed methods of implementation the differential-phase busbar protection
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