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IMPROVEMENT OF ALGORITHM FOR FORMATION
OF ORTHOGONAL COMPONENTS OF INPUT VALUES
IN MICROPROCESSOR RELAY PROTECTION
OF POWER LINES IN DISTRIBUTION NETWORKS
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MpegnoxeH HOBbIM anroput™M (POPMMPOBAHMS OPTOrOHANbHbLIX COCTaBMSAO-
LWMX BXOAHbIX BENUYMH B MMWKPOMPOLIECCOPHBIX 3alutax NUHWA pacnpegenuv-
TenbHbIX ceTel. MpuBeaeHbl pe3ynbTaThl BbINOMHEHHOTO UCCNEA0BaHUSI, KOTOpbIE
CBUOETENbCTBYOT O BbICOKON 3(AEKTUBHOCTU MNPELNOXEHHOro anroputMma u
NPVHUUNManbHOW BO3MOXHOCTU €ro MCMofib30BaHUSA B MUKPOMPOLIECCOPHLIX 3a-
LMTax NMHWUIA pacnpeaenuTerbHbIX CETEN.

KnioueBble cnoBa: 3HepreTvka, MUKPOMNPOLIECCOPHas 3aluTa, OpTOroHanb-
Hble CoCTaBndomne.

Wn. 3. bubnwuorp.: 3 Ha3B.

The paper considers a new algorithm for formation of orthogonal components
of input values in microprocessor relay protection of power lines in distribution
networks. Results of the executed investigations have been given in the paper and
they reveal high efficiency of the proposed algorithm and a principle possibility
of its use in microprocessor relay protection of distribution networks.

Keywords: power engineering, microprocessor relay protection, orthogonal
components.

Fig. 3. Ref.: 3 titles.

Hamnbonee MaccoBBIME MUKPOIIPOIIECCOPHBIMU 3alIUTaMH JIMHUHM pacmpee-
JINTENBbHBIX CETEH OT KOPOTKUX 3aMBIKaHUU SIBISIFOTCS TOKOBBIE U TOKOBBIE
HampaBieHHbIE. BXOAHBIMM BENTWYMHAMU B HHUX BBICTYIAIOT CHUTHAIBI TOKOB
Y HalpsDKEeHUH 3amumaeMon THHAA. /|1 BBIYHCIEHUS] OPTOTOHAIBHBIX COCTaB-
nsronmx (OC) yka3aHHBIX CHTHAJIOB IIUPOKO MPUMEHSIOTCS anroputM Dypbe
u ero Moauukanuu. Ilpu uHTEpBase HAOMIOAEHUS 3a CUTHAJIOM, HE PaBHBIM
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nepuony Tp €ro 3alaHHOW YacTOTHl g, GopmupoBaHre OC BO3MOXKHO C HC-
MOJIb30BAaHUEM aITOPUTMa, OCHOBAaHHOTO HA 3JIEMEHTaX TEOpUH HIEHTH(UKA-
LMY TIPU YIIPOIIIEHHOM PECTaBICHIH BXOAHOTO CUTHAJa C yUYe€TOM €ro OCHOB-
HBIX KOMITOHEeHT [1]. O0Imue NMpUHIMIBI TOCTPOSHHUS TakuX (hopMupoBaTenen
HU3JI0KEHBI B [2].

Ecmu Ha uHTepBane HabmomaeHus T 3a BXomubM curHanom X(t) 3apuxcupo-
BaHO N OTCYETOB €ro0 MIHOBEHHBIX 3HAa4eHMH uepe3 mar At, To, HCIIONB3Ys U3
3TON COBOKYITHOCTH M 0TcueToB (M < N), pa3feleHHbIX APYT OT Jipyra UHTepBa-
moMm AT (AT/At — menoe 9ncno), CHHYCHYIO Xsm B KOCHHYCHYIO Xcm OC ykazaH-
HOTO CUTHAJa Ha KOHELl MHTepBaJia HaOII0AEHUS MOXKHO OIPEIEIUTD 1O ClIeay-
IOIIKUM BBIpaKeHUAM [3]:

m
Xsm = Zai X3
i=1

m
Xem = zbi Xis
i=1

)

rie a; u by — mocrogHHbIE.

Breipaxxenust (1) mpezacraBisitor coboit  popmupoBarens OC, KOTOPEIH,
B CYIIHOCTH, ABJIAETCS mapor 1udpoBsix GpmibTpoB. KosdhdhunueHTs GUIBETPOB
a;, bi ompenenstorcst wo, M, AT. lnst pacueta @;, b npu pasmuuHbIX ®9, M, AT
pa3paboTaHa KOMIIBIOTEpHAsl MPOrpamMma, MO3BONAIONMAs HAXOAWTh YHCIICH-
Hble 3HaueHUsA KodddummentoB mis dopmupoBanus OC nm000H TapMOHHUKH
cUrHaja.

OcHOBHBIM JOCTOMHCTBOM opmupoBateneii OC gaHHOTO BHIA SBISETCS
BO3MOXKHOCTD ITOJTYYEHUS TIEPBBIX JOCTOBEPHBIX PE3yIbTaTOB B TEUEHHE BpEMe-
HU, HE TIPEBBINIAIONICTO MEPUOJ 3aJaHHOH YacTOTHl BXOJIHOTO curHaia. Ux
TJIABHBIN HEJIOCTATOK COCTOUT B TOM, YTO NPH OTKIOHEHUH YaCTOTHI OT pacyeT-
HOTO 3HAYEHUS BO3HUKAIOT KOJeOaHUS BhYUCIEHHBIX 10 OC BeNWYMH aMILIH-
Tyl U ¢a3bl CHTHaa Jake B YCTaHOBHBILIEMCsl pexkxuMe. OTMEUSHHOTO Helo-
cTatka He uMmeeT anroputm ¢popmuposanust OC, cyTh KOTOPOTo ONUCaHa Jaee.

C nomompio oxHOro M BelpakeHWi (1) copmupyem oTcyeThl cuUrHaNa
OCHOBHO TapMOHUKH, NMPHHSAB ero 3a cuHycHyr OC, KoTopas n3MeHseTcs 10
3aKOHY

Xs (1) = X e SIN(001), 2)

rie Xmax — aMIUIMTYJa CUTHAJIA.

Ecnu 3adukcupoBaTh TpH IMOCIEIOBATENBHBIX OTCUETA Xsm-2); Xs(m-1)s Xsm
cunycHoit OC (2) uepe3 unrepBan AT, To OHH CBS3aHBI CIEAYIONIEH crcTeMOn
COOTHOILICHUN:

Xsm = Xmax SIN O3
Xs(m-1) = X max SIN(®, — @AT); 3
Xs(m-2) = Xinax SIN(Q —200,AT),
e O = gly,.

PemmB (3), monydum BBIpaXKEHHUE IS OMPEACICHUS OTCUETa KOCHHYCHOM
OC Xcm, cooTBeTcTBYIOMIEH CUHYCHOU OC Xgm, VTSI MOMEHTA BpEMEHH 1y,
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Xs(m—2) + Xgm
X 2x Xs(m—l)
s(m-1) (4)

X =
cm 2

1—

sm

Xs(m—z) + Xsm
2Xs(m—l)

CrnenmyeTr OTMETUTh, UYTO B YCIOBUSX WHTEHCHBHOTO NEPEXOAHOTO Tpoliecca
[IPU CJIOXHOM BXOJHOM CHUTHAJIE HA OTAEJBHBIX MHTEpBajaX BPEMEHU C IOMO-
mpio (4) He MpeacTaBisieTcsl BO3MOXKHBIM C(POPMHUPOBATH JOCTOBEPHOE 3Haue-
Hre kocuaycHo OC. IlosiBiIeHHE TaKOTO PEKMMa MOXKET OBITh yCTaHOBJIICHO
ITyTeM KOHTPOJIIS BBIXO/Ia 32 MPeAesbl 3aJJaHHOTO IUaNa30Ha 3HAYSHHS

X + X
COS(wAT) = =2(m=2) ~ Zom (5)
2Xs(m—l)

B stoi#i curyarnum orcuetr kocuHycHoi OC ompenensieTcs Mo yIpomeHHOMY
BEIPQXEHHIO C WCIOJIB30BAHWEM JBYX IIOCIIEAOBATENBHBIX OTCYETOB CHHYC-
Hoit OC.

[IpoBepky pabOTOCIOCOOHOCTH W CPAaBHUTEIBHYIO OIICHKY H3JI0KEHHBIX
BBIIIIE IPHHIIAIIOB BhIMOHEHUS (hopmuposarenerr OC mpoBOIMIN METOIOM BbI-
YUCITUTENFHOTO JKCIIEpUMEHTa. B OCHOBY peanm3anuil JTaHHOTO MeToAa ObLIH
MOJIOKEHBl MaTeMaTHYeCKue MOJAETH ABYX Bua0B (opmuposareneir OC, BKiIIO-
Yarolre MOJENN BXOAHBIX MpeoOpa3oBaTelnieil, aHaJOroBBIX (DPUIBTPOB HUKHUX
gacToT M UGpoBeXx GuiasTpoB. B mampreiimem dopmupoBarens OC, ucmonb-
3YIOUIUMN JUIsl BBIJICJIICHUS] CHHYCHOHW M KOCHHYCHOW COCTAaBIISIOIIMX BbIpaXKe-
Hus (1), Oynem umenosats @OC-1, a pu onpeaeneHUH OTCYETOB MTHOBEHHBIX
3HaYeHUH CHHYCHOM COCTaBJISAIOIIEH TOJBKO MO OAHOMY W3 BbIpaxeHuit (1) c
MOCTIEAYIONINM BBIYHCIICHHEM 110 HUM OTCUYETOB KOCHHYCHOM COCTaBIIAIOMIEH IO
BeIpaxenuto (4) — OC-2.

MeTo0M BBIYUCIIUTENBHOTO SKCIIEPUMEHTa HCCIIEIOBAHbI YaCTOTHBIC M JTU-
Hamuyeckue coiicrBa @OC-1 u @OC-2 npu UX NpUMEHEHUH ISl HOPMHUPOBa-
Hust OC OCHOBHOI TapMOHUKHY CUTHAJA JJS PA3JINYHBIX BAPUAHTOB UX HCIIOJHE-
HUSI, OTIIMYAIOIINXCS 3HAYCHUSAME TlapameTpoB N, At, m, AT: n =24, At = 0,85 mc,
m=12, AT =1,7mc; n =28, At=0,75 mc, m= 14, AT = 1,5 mc; n =32, At =
=0,65 mc, m=16, AT = 1,3 mc.

AwmrmuntyiHO-4acToTHbie (AUX) U nepexoHbIe XapaKTepUCTUKU (HOPMHUPO-
Bareneit OC ®OC-1 u ®OC-2 ¢ yka3aHHBIMHA BBIIIE ITapaMeTPaMH MPeICcTaBIIe-
HBI Ha puc. 1, 2.

AYX ®OC-1 u ®OC-2 H(f) moctpoens! o 3HaueHusIM cunycHoi Xs(f) u xo-
cunycHoit X.(f) OC amst yCTaHOBUBIIMXCS PEKMMOB CHTHAIOB Pa3MYHBIX Ya-
CTOT C WCTIOJIb30BAaHMEM BBIPAKCHHS

H(1) =D+, ©

max

Anamm3 mpuBeneHHbIX Ha puc. 1 AUX dopmuposareneit OC moka3bIBaer,
y10 ®OC-2 1o cpaBHeHuto ¢ POC-1 uMeroT GoJiee BRICOKYIO CTETIEHb MO1aBIe-
HUS BBICIIMX FApMOHHUK B IpelesiaXx KaXIoro BapuaHTa ux peanusauuu. [Ipu
3TOM YBEIMYEHHE KOJMYECTBA HCIOJIB3yEMBIX OTCYETOB M obecrednBaeT
YIIy4IIeHHE YaCTOTHBIX cBoMCTB (popmuposarens OC.
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Puc. 1. AMinutynHO-4acTOTHEIE XapaktepucTuku: 1 — ®OC-1; 2 — ®OC-2;
a—n=24,At=0,85mc,m=12, AT=1,7mc; 6 —n=28, At=0,75 mc, m= 14, AT = 1,5 mc;
B—N=32,At=0,65mc, m=16, AT = 1,3 mc

IMepexoansie xapakrepuctuku POC-1 u POC-2 h(t) mocrpoens! o 3Haue-
HUsIM cUHYCHOH Xs(t) U kocurycHOM Xc(t) OC mnpu BrItOYCHUH GOPMUPOBATEIS
Ha CHHYCOWJAJIbHBIA CUTHAJI OCHOBHOM YacTOTHI C HCIIOJIb30BAHUEM BBIPAYKEHUS

() =5 ——EOFEW. )

max

U3 puc. 2 cnexyet, 4T0 0COOEHHOCTBIO MEPEXOTHBIX XapakTepucTuk POC-1
SBIISIETCS. HAJIW4YME BBIOPOCOB, KOTOpBIE B OTAEIbHBIE MOMEHTHI BPEMEHHM Ha
10 % mpeBBIIIAlOT YCTAaHOBHUBIIEECS 3HAYEHHUE BBIXOIHOW BeMnInHBI. C ydeToM
3TOr0 UX OBICTPOJEHCTBHE, OLICHHBAEMOE BPEMEHEM YCTAHOBJICHHUS BBIXOJHOTO
curHana, coctasiser mopsaka 30 mc. Ilepexonnsie xapaktepuctuku POC-2
HMEIOT MEHBIIIYI0 HEPaBHOMEPHOCTH 110 CPAaBHEHUIO C aHAJOTUYHBIMU XapakKTe-
puctukamu ®OC-1. BeictpoaeiictBue Bcex peanuzauuit @OC-2 HaxoguTCs
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B quamazone 19,55-20,25 mc. CrnegyeT OTMETHTB, 4TO HanOoJiee ONTHMAIFHOE
COUETAaHUE YACTOTHBIX U JUHAMUYECKUX CBOUCTB 111 ®OC-2 momyuyeHo i
BapuaHTa €ro peanmm3anuu ¢ mapamerpamu h = 28, At = 0,75 mc, m = 14,
AT =1,5 mc.

0 0,02 0,04 0,06 0,08 t,c 1,00

0 0,02 0,04 0,06 0,08 t,c 1,00

0 002 0,04 006 008 tc 1,00

Puc. 2. Tlepexonusie xapaktepuctiku: 1 — POC-1; 2 — OC-2;
a, 0, B — TO ke, 4To Ha puc. 1

MeTonoM  BBIYHCIUTENHHOTO OSKCIIEPHUMEHTa WCCIEAOBAHO TIIOBEICHHE
DOC-1 u ®OC-2 npu UX BBHIIOIHEHUH ¢ OJUHAKOBBIMU MMapaMeTpamH, yKa3aH-
HBIMH BBIIIE, B PeXKHMAaX OTKJIOHEHHS YacTOTHI OT PACYETHOTO 3Ha4deHus. M3me-
HEHUE aMIUTUTYIBI Xmax(l) CHTHAIa B yCTAaHOBHBIIEMCSI PEKHME MPH OTKJIOHE-
HUU YaCTOTHI OT pacueTHoro 3HaueHus 50 'y Ha +2 ' mpeacTaBieHo Ha puc. 3.
W3 ananusa mpescTaBlIeHHBIX Ha PUCYHKE 3aBUCHUMOCTEH cielyeT, 4To MpH OT-
KJIOHEHWH 9acTOTHI OT pacueTHoro 3HadeHus ast POC-1 xapakTepHBbIM ABIISET-
csl BOSHMKHOBEHHE KOJIeOaHWH aMIUIMTYbl CUTHAla B YCTAHOBHBLIEMCS PEKH-
Me, kotopeie y ®OC-2 He HaOmomarorcs. Tak, NP OTKIOHCHHU YaCTOTHI
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Ha 2 ['m koneOaHUs aMIUIMTYIbl CHTHala MO aOCOMIOTHOMY 3HAYCHHUIO VIS
®OC-1 moryt nocturath 4 %. [losBneHne yka3aHHBIX KOJeOaHUH HaKJIaAbIBaET
JOTIOJTHUTENIFHBIC OTPaHWYEHUSI Ha BBHIOOP KOA((UIIMEHTOB BO3BpaTa M3MEpH-
TEJBHBIX OPraHOB MHKPOIPOLIECCOPHBIX 3aIINUT, YTO MOXKET SIBUTHCS CHEPIKU-
BalOMIUM (aKTOPOM B 00ECTIEUEHUH UX BHICOKOW YyBCTBUTEIHHOCTH.

1,00 i 1,07

0,98 |

097 2 1 | 1,05

0,96 A ~— 1,04

0,95 ' 1,03 |

0,94 1,02 E

0,93 1,01 !

0,92 | |
1,00

006 007 008 009 tc 1,00 0,06 0,07 0,08 0,09 t ¢ 1,00
f=48Tu f=52Tu

Puc. 3. I3MeHeHHE aMIUTUTY/IbI CHTHAJIA TIPUA OTKIIOHEHUH YaCTOTHI
oT pacueTHoro 3HaueHus: 1 — ®OC-1; 2 — dOC-2

Crienyer OTMETUTh, YTO KOJIeOaHHs TEKyIIUX 3HAaYeHUH (a3bl cUrHaia st
®OC-1 npu OTKJIOHEHUH 4YacTOThl Ha =2 I'l1 He npeBwImaT 1°. dopmupoBare-
mn OC ®OC-2 oTHOCHTENBHO (Da30BBIX CIOBUTOB SBIISIOTCS YaCTOTHO-HE3a-
BHCHUMBIMH.

BBIB O /I bl

1. TpemnoxeHHbIH aropuT™ (HOPMUPOBAHHS OPTOTOHAIBHBIX COCTABIISIO-
IIMX BXOAHBIX BEJIMYMH B MHUKPOIPOLIECCOPHBIX 3alllUTax JIMHUW pacrpeneu-
TEJBHBIX ceTell 001a/laeT BRICOKUMH YaCTOTHBIMH CBOWCTBAMH W SIBISIETCS da-
CTOTHO-HE3aBUCHMBIM OTHOCHUTENIFHO KOJICOAHUH aMIUIMTYIbl CUTHaJA U ¢a30-
BBIX CABHIOB.

2. Pe3ynbTaThl BBHIIIOHEHHBIX WCCIIEAOBAHUI CBUAETEIHCTBYIOT O BBICOKOW
3¢ GEKTUBHOCTH NPEIUIOKEHHOI0 alropuTMa (OPMHUPOBAHHS OPTOIOHAJIBHBIX
COCTaBJISIFOIIMX BXOJHBIX BEJIMYHMH M NPUHLIUIIHAIBHON BO3MOXKHOCTH €T0 HC-
MOJIB30BAaHUSI B MHKPOIPOIIECCOPHBIX 3allUTaxX JUHUA pPaclpeneuTeNbHbIX
cere.
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A.C. ELECTRIC DRIVE
WITH PULSE-WIDTH MODULATION CONTROL

BELYAEV V.P.
Belarusian National Technical University

MpennoxeH opurMHanbHbIA CNOCO6 LLIMPOTHO-UMMYNBbCHOW MOAYNALMW Hanps-
XEHUs1 nepemMeHHoro Toka. Cnocob ymny4liaeT rapMOHUYECKUA COCTaB Hampshke-
Hus. MNprBeaeHbl pesynbTaTthl anpobauun cnocoba LLUM-ynpaBneHusi aCMHXpOH-
HbIM 3NEKTPONPMBOAOM Ha paspaboTaHHon mogenu B cpeae MathCad.

KntouyeBble cnoBa: anekTponpueofg, LUMPOTHO-MMMYMbCHAs MOZynauus, ne-
PEMEHHbIN TOK.

Mn. 7. bubnwuorp.: 4 Ha3B.

The paper proposes an original method for pulse-width modulation (PWM) of
A.C. voltage. The method makes it possible to improve harmonic composi-
tion of the voltage. The paper presents results of approbation of the method
for PWM-control of an asynchronous electric drive using the developed model in
the environment of MathCad.

Keywords: electric drive, pulse-width modulation, a.c. current.
Fig. 7. Ref.: 4 titles.

B CUJIy TE€XHUKO-3KOHOMHYCCKHUX IMPUYUH COBPEMCHHBLIC 3JICKTPOIPUBOIALI
B OOJIBIIIMHCTBE CBOEM CO3/AIOTCSl HAa 0a3e aCHHXPOHHOTO KOPOTKO3aMKHYTOTO
3JIEKTPOIBUTATENIS, KOTOPBIA MPOIIE MO KOHCTPYKIIUH, JICIIEBIC, UMEET MCHbB-
IMH1E KalMTAJIbHBIC W 3KCITyaTallMOHHBIC 3aTpaThl. Ycnexu TeXHOJOTHU nojuy-
MPOBOJJHUKOBOW CHJIOBOW TEXHHKH IMO3BOJMIM CO3/IaTh MOJYJbHBIC MOIYIPO-
BOJIHUKOBBIC TPEOOpPa3oBaTENId HA 3HAYUTEILHBIC MOIIHOCTH, PEATHU3YIONIUE
pa3HO00pa3HbIe TEOPETUYECKHE Pa3pabOTKU PEryJMpyeMOro 3JIeKTPOIPHBOIA
nepeMeHHOro Toka. OCHOBHBIM CIIOCOOOM MOJTyYSHHS KAYeCTBEHHBIX ITyCKOBBIX,
PETYJIHUPOBOYHBIX U TOPMO3HBIX CBOWCTB PETyJIUPYEMOTO DJICKTPONPHUBOAA TTe-
PEMEHHOT'0 TOKA, COIIOCTaBUMbIX C aHAJIOTMYHBIMHA CBOMCTBaMH peryjiupyemoro
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