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Po3po6ka moaeni moaepHi30BaHOro YaCTOTHO-KepPOBaHOrro
TAroBOro erieKTponpuBoaa 3i 3aMiHHUM ariropuTMOM KepyBaHHA
ansenb-noizga AEJ1-02

Po3pobrieHo Moderb cucmemMu acUHXPOHHO20 erlekmporpugoda Ou3erb-roizda 3 0o0amKosum
8HYMPILLHIM 380POMHIM 38’43KOM 3a 4acmomoto rosisg 0guayHa.
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Cyuvacunit nuzens-noizn JAEJI-02 (MoTopHi Baronm)
o0JaTHaHUH eJIEKTPOABUTYHAMH 3MIHHOTO cTpyMy. JKuB-
JICHHS1 aCHHXPOHHUX JIBUT'YHIB (A1) iHIMBITyabHE, KOKEH
BiJI CBOr0 aBTOHOMHOTO iHBepTOpa Hanpyru (AIH). Kepy-
BaHHA TsroBuM enekrponpusonoM (TEIT) BuxoHyeThCs
CHCTEMOIO 31 3MiHHUM aJITOPUTMOM: IIpY PYIIaHHI i po3-
TOHI 013712 peryioBaHHs Hanpyru A/l 31iHCHIOETHCS Me-
TOJIOM IIUPOTHO-IMITYJTECHOI MOAYIISILII 3 TTOAAIBIINM TIe-
PEXOIOM Ha aMIUTITYIHE PETYIIOBaHHSI, IO 3a0e3Iedye
MiHIMaJIbHI eHEPrOBUTPATH B €JIEKTpOrepeadi i MaJti Imysb-
carlii MOMEeHTY Ipu po3roHi [4]. MikportporiecopHuii 010k
KepyBaHHS 3a0e31edye Iepexia MixK alropuTMaMu pooo-
Tn TEII B pexxumMax T4ry i raJibMyBaHHS 32 ONTUMAJIbHAMHU
3aKoHamH [5].

CwioBa yactina cxemu kepyBanas TEIL, mo 3apa3 Bu-
KOPHCTOBYeThCS y au3enb-moizai JJEJI-02 (puc. 1), ckia-
JIA€ThCsA 3 AU3enb-reneparopa I, CHHXpOHHOro reHeparo-
pa CT, nexkepoBanoro Burnpsimistaa HB, 6rmoka ¢insrpis b,
aBTOHOMHOTO iHBepTopa Hanpyru AIH, mardmka mmBuaKocTi
(JL). Oxpim Toro, B kaHami kepyBanHsi AIH micturhcs
KOMIDIeKCHUM ipucTpi aBromaruku (KITA), no sixoro Haj-
XOISATh CUTHAJIA 3BOPOTHOTO 3B’ SI3KY 32 IIIBUKICTIO Ta aK-
THUBHUM CTpyMOM 3 AJ] Ta CUTHaNI 1aT4MKa 3aBaHTaKECHHS
mmsers (J3/). Ho ckmamy KITA BxoauTs 3a1aBaq iHTEHCHB-
HOCTI Ta PErYISATOP MBUIKOCTI.

Bximamit curaan go A3/ ¢opmyeTbes MarmmHicTOM
JI3ETb-TI0TSTa IIUISTXOM BIUIMBY KOMaH/IOKOHTPOJIEPOM Ha
poboty am3enb-reneparopa. anwuii croci®é kepyBaHHS €
HeeekTHBHNM, 00 3aJIeKUTH BiJl 0COOUCTICHOrO (pakropa
MammHicTa. JI0CBiq4eH] MaITNHICTH MOXKYTh €KOHOMHTH
1o 15 % manusa [6], mpoTe, MOXKYTh BUHHKATH CUTYaLil
TIEPEBUTPAT MAJIMBA B TOPIBHAHHI 13 3aKTaICHIM JI0 KAPTH
PYXy Iu3enb-1oi3na. EQekTHBHOro BUKOpHUCTaHHS [TajIiBa
MOXHa JIOCATTH, TOBHICTIO aBTOMAaTH3YBABILIH CHCTEMY
kepyBanns TEII [2, 6].

Curnamm, mo Hagxoaath 10 KITA, mogatoTeest Ha pery-
JISITOP IIBUAKOCTI, SIKHI B CBOIO YEPry Uepes 3a/1aBayd iHTeH-
CHUBHOCTI (opMye HacToTy cTpymy craropa AJl Tta xo-
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Puc. 1. OyHKIioHalbHA CXEMa TATOBOTO EJIEKTPONPHBOJA
nusens-noizaa JEJI-02
egimient momymamii anst ATH, sxi mogaroTecst B MiKponpo-
necopny cuctemy kepysarns (MIICK). MIICK o6pobisie
1Ii CHTHAJIH Ta TIOAA€ IMITYIbCH MIOA0 KepyBaHH KITFOYaMHU
AIH.

JaHiii cucremi mpuTaMaHHI BEITUKI MyITbCallii aKTHBHOL
ckianoBoi ctpymy (puc. 2) [7] ta, IK HACIiJOK, He-
cTaOUTbHICTh TATOBOTO MOMEHTY, IIO OOYMOBIIOE He-
00XiHICTS 11 MOIepHi3arii.

[IpoanamnizyBaBIIH iCHYIOUY CHCTEMY, OYJI0 BHSBJICHO
P ii cmabKuX MicCITh, 32 paXyHOK ITOKPAIIICHHS SIKUX MOX-
Ha OTpUMATH OLITBII AKiCHI ITepeXiHi XapaKTepPUCTUKH PO-
00TH YaCTOTHO-KEPOBAHOTO TATOBOTO EJIEKTPONPHUBOAA
(UKTE) (puc. 3):

— HekomnieHcoBaHicTE EPC obepTanHs IpU3BOOUTE 10
CyTT€BOTO ToripieHHs XxapakTepucTuk podoru UKTE mig
Yac pi3Koi 3MiHM HaBaHTAXKEHH (TIPOKOB3YBAaHHS KOMiCHOT
Iapy, pyx MoTsra B TOPY Ta 3TOPH);

— KepyBaHHA IIBUAKICTIO pyXy MOi3/a 3iHCHIOETHCS
MAaIIMHICTOM 4epe3 pydHe 3aJaHHs MOTY)KHOCTI JH3elb-
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Puc. 2. Ocrunorpama akTuBHOI ckiagoBoi ctpymy AJl nusems-noizga JEJI-02 mpu posroi 3 icHyrouolo cucreMmoro kepyBanHs TEII
(macmTab oci wacy 1 c/mopinky (mox.), oci crpymy 20 A/mox.)

TeHepaTopa, IO MOXe MTPU3BECTH 110 HeepeKTHBHOT poOo-
TH qU3eNb-TeHepaTopa (Horo nepeBaHTa eHHs a00 HEMlo-
BaHTa)KEHHS);

— HasiBHiCTh B KoHCTPYyKIii MIICK BacHoro 3aiaBaga
IHTCHCHBHOCTI MPU3BOIMIIA JIO ITYITbCAIli il aKTHBHOI CKJIa-
JIOBOI CTPYMY Ta HECTAOUTFHOCTI TATOBOTO MOMEHTY.
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Puc. 3. Ocuunorpama akTUBHOI CKIafoBol cTtpyMmy AJl ausenb-moizaa
JEJI-02 npu po3ToHi 3 MOJEpHI30BAaHOK CHCTEMOI KepyBaHHS
TEII (macmrad oci wacy 0,2 c/mon., oci ctpymy 50 A/mox.)

MeToro podotu € moaepaizamist YKTE muzens-moizma
JEJI-02 3a paxyHOK BUKOPHCTAaHHS CUCTEMH 31 3MiHHUM
aJTOPUTMOM KEpyBaHHS, COPSIMOBAaHA HA IIiIBUIICHHSI
€HEepreTUYHNX Ta JUHAMIYHUX XapaKTePUCTHUK TU3EIb-110-
131a.

[porec monemoBanas MonepHizoBaHoi ciuctemu YKTE
MIPOBOAMBCS 32 IIEBHUX IPHITYIIICHB. Maca mpUdiTHIX Ba-
TOHIB HE BPaXOBYBAJIACh, IIIO I03BOJISUIO IEPEBIPUTH SKICTh
TIepexiJHIX MPOIIEeciB 0e3 3I7IaHKYBAHHS 1X i€ MaXOBOTO
MOMEHTa, BUHHKAIOUOrO 32 PaxyHOK BaroHiB. Hampyra
J3elib-TreHeparopa NpuilManacs CTajlol CUHYCOIIaIbHO0
¢yHKII€10, 60 MOIETIOBAaHHS Ta MOJCPHI3aIlisl TU3EIb-Te-

Hepartopa He € HeoOximHuMu. B niporieci pociimkeHHs Mo-
JIepHI3yEThCS TUTBKY KaHasl ynpasiainas ATH.

MonesroBaHHS ITPOBOAHUIIOCS TP TOBHOMY ITyCKOBO-
My MOMeHTI. He BUKOpHCTOBYBajacsi CCTeMa BUXOy Ha
MOBHUI ITyCKOBHH MOMEHT IUIIXOM IEpeXoly Ha IeBHi
TIO3HIIi{ KOMaHIOKOHTPOJIEpa MAIIMHICTA (Ha PHC. 2 aKTUB-
Ha CKJIaI0Ba CTPyMY HapOCTA€ MTOCTYIOBO), IO I03BOJISIE
3MEHIIYBATH MEPEPErYIIOBaHH CTPyMy NpH pyLIaHHI
noizaa y YKTE, BukopructoByBaHOMY 3apa3s.

B MonepHi30oBaHiii cHCTeMi 3MEHIIIEHO IMiKOBI Tiepepe-
T'YJIIOBaHHS aKTHBHOI CKIIaZI0BOI cTpyMy (puc. 3) Ha 26 %
TT0 BiTHOIIICHHIO /10 AKTUBHOI CKJIaI0BO1 CTPYMY BUX1THOT
cucremu (puc. 2).

®ynkuioHanmsHa cuctema MoaepaizoBanoro YKTE mo-
Ka3aHa Ha puc. 4, B sikii 1o icHyro4oi cicremu KITA-MIICK
JIOAAHO BHYTPIIIHIN KOHTYp PETYIIOBAHHA 3 JOJATKOBUM
BHYTPIIIHIM 3BOPOTHHUM 3B’ SI3KOM 3a YaCTOTOIO TTOMISI IBU-
ryHa. [IpoBenena MonepHi3allis BiIIOBiIa€ PHHITAITY Je-
KOMIIO3HIIIT 110 BITHOIIEHHIO 10 cKiIaxeHoi cucremu KITA-
MIICK [3], 60 mefi mpuHLII Tependadae po3nomiia CHCTe-
MU KepyBaHHS Ha CKJIAI0B1 €JIEMEHTH Ta MOJIEPHI3aIlifo 200
3aMiHy ITUX eIeMeHTiB. JlaHa cxema MIiCTUTP 3aaBad pyxy
moizaa 3PIL, perymsrop gactoru PY, moaBidHUN perynsTop
crpymy (ITPC), mo ckiragaeTses 3 MepIIoro peryasropa
crpymy PC1 ta mpyroro perymsaropa crpymy PC2, 6mox
oomexxenas bO, cucremy kepyBanus inBepropoM CKI,
nmatauk Hanpyru JJH, natauk akrusaoro crpymy JJAC, nat-
gk EPC JIEPC, marank mBuakocti 111, misens-rereparop
AT, cuaxponnuii reneparop CI, HekepoBaHHI BHIIPSIM-
nsra HB, 6110k inmeTpiB b Ta aBTOHOMHMIA iHBEpTOp Ha-
npyru AIH.
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Puc. 4. ®ynkuionansHa cxema UKTE 3 moasiiiHuM perynstopoMm ctpymy Ha 6a3i AIH-IIIM

Ockinpky BHYTpiIHIH 38’5130k 3a EPC BuKinkae no-
TipIICHHS SIKOCTI PETYIIIOBAaHHS CTPYMY Ta 4acTOTH 00ep-
Tanusa A/Jl, mocrae 3aBaaHHs Horo KoMIeHcartii. s mporo
BHKOPHCTOBYEThCS crcTeMa Komriencanii EPC 3a nonomo-
roro nozBiiHoro perynsropa crpymy (ITPC), sxuit cunte-
30BaHO 3 BpaxXyBaHHIM MOXIIUBOCTI koMmrieHcamii EPC
o0epTaHHS Ta MPUIYLICHHS CTAJOCTI MOTOKO3YEIICHHS
poropa A/l [1]. o cucremu xepyBanus AIH mogarotbest
JIBa 3HAUCHHs Koe(illieHTa IIIMapyBaToCTi L, Ta W,. [lep-
it (U,) € KoeilieHTOM IImapyBaTocTi, COPMOBAHUM
mozepaizoBanoro MIICK. [pyrwit (u,), chopmoBanuii
KITA, BuKkopHrcTOBYBaBCs IEPBUHHOK CUCTEMOIO IS Ke-
pyBauus AIH, a B mozpepnizoBaniit cucremi UKTE Bin
CHPUHMAETHCA SIK CUTHAJI IIEPEXOAY JI0 ABO3OHHOTO Kepy-
BaHHI (I JOCATHEHHI [,=1), sike Gyne BBEAECHO 10 CHCTe-
MH 3TO/IOM.

Jlist ipoBeneHHs TOCIi IKeHHS, 3T1IHO 3 (YyHKIIIOHAIIb-
HOIO cxeMOro (puc. 4) 6yi0 BUKOPHUCTaHO MOz [4] B 00-
yrcIIoBaNbHOMY cepenoBui Simulink Matlab. [Tocmin-
YKEHHS TIPOBOAMIIOCH 32 YMOB BUKOPUCTAHHS aBTOHOMHO-
TO JDKepesa KUBIICHHS (IU3eNb-TeHepaTopa) Ta TATOBOTO
meuryna AJI906V1 (P, =240 xBt, n, = 982 006/xs,
I =135A,f  =33,81'm). Hapuc. 5 nokasano pesymbrara
MOJICTIIOBaHHSA eneKkTpoMexaHiuaux nporeciB YKTE. Mo-
JIEITFOBAaHHS IIPOBOIUIIOCS TIPH 3HIKEHOI OMIOPHOI YaCTOTI
300 I'm, 10 3 TOYKH 30py MPOEKTYBaHHS MIEPETBOPIOBAYIB
3 OMopHOIO YacToToro A0 1 K[ 11 03BoMste yHi(iKyBaTH BCTa-
HOBJICHY IIOTY)KHICTb 00NagHaHHA (KOHICHCATOPiB, APO-
CEJTiB, HAITIBIPOBI THUKOBHX MpUIaiB) psaay cxem AlH, amke
1Ii HOTY’KHOCTI HE3HAYHAM YHHOM BiAPi3HSIOTHCS OTHE BiJ
OIIHOTO JUTS IaHHUX 4acToT. IIporiec MoaenroBaHHs MPOBO-
JTUBCSL U PEKUMIB po3roHy au3enb-moizaa (0-0,6 ¢) ta
IO1avi-3HATTS HaBaHTakKeHHS Ha MBUrYH (1-1,6 ¢).

MonentoBaaHsl Oyl10 MPOBEAEHO 3 BHUKOPUCTAHHAM
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eJIEKTPOMArHiTHOTO rasibMa ABuryHa. Ha rpacgikax (puc. 5)
1€ MIPOSIBISIETHCS y TOMY, 11O JIBUTYH HE HaOMpaB 00epTiB,
JIOKH MO0 MOMEHT HE CSITHYB 0,4MH0M.

CurHTEe30BaHI METOIOM IiANOPSAKOBAHOTO KEPYBaHHS
TriepeaBaIbHOl (PYHKIIT peryiIsaTopiB CTPyMy MalOTh BUT-

nsn[4]

1

Wp.C.l(p) - 4'Tu ’ )
k

Woca P =771 @

ne 1, — crana yacy Bunpsmiisda; 7, — nocTiiiHa vacy o6-
MOTKH CTaTopa; k — KOeQiIieHT, [0 BPaXOBY€e MOIYIh KO-
myrariiaoi gyrkiii AIH, omopu dhinsrpiB, Ta KoedimieHT
nepeadi BEeHTUIIBHOTO [IePETBOPIOBaya 3a HaIPYToko.
[epenaBanbHi QYHKIIT PETYASTOPIB YaCTOTU CTPYMY
cTaTtopa, IO Bi/IMOBi Jal0Th HANAIIITYBAHHIO KOHTYPIB pery-
JIFOBAHHS YaCTOTH CTPYMY CTaTOpa Ha MOAYIBHUMI Ta CH-
METPHUYHHI ONTUMYM, BU3HAYAIOTHCS BUpa3amu [4]

K, -J

w L

bt V)= e ©)
@& T, -p+l)x,-J

W or(P) ="t :

p'q'2 32.T§ .wr 'Kq .Kr .p (4)

I K, Ta K, — Koe]illieHTH Iepenadi 3a CTpPyMOM Ta 4acTo-
TOIO oOepTaHHS; J — 3BEICHUIA MOMEHT iHEpIlii IPHUBO/A;
p — onepatop Jlamnaca; \y, — MOXyIb BEKTOpPa MOTOKO3-
yerieHHs poropa AJl. Hactpoiika perynsropa 4actoTu BU-
KOHyBajacsl 3a CAMETPUYHHM ONTHMYMOM. Masa craia
Jacy CTPYMOBOTO KOHTYpa CKJIajaia 8 Mc.
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Puc. 5. Ilepexinui npouecu moaepHizoBanoi cuctemu YKTE
3 AIH-IIIM akTuBHOTO CTpyMy (@), TATOBOTO MOMEHTY (6),

JacCTOTH 06BpTaHH$I BaJla ABUTyHa (3), TIOTOKO34€CIIJIEHHA pOTOpa

(2) Ta Hampyru y KoJi MOCTIHHOrO cTpymy (0)

BucHoBKH

1. BripoBa/pkeHO cHCTEMY 31 3MIHHHUM aJITOPUTMOM

KepyBaHHS Ta MOABIITHUM PEryJIATOPOM CTPyMY /10 KaHaja
kepyBanns AIH nusens-noizna JJEJI-02.

2. OrpuMmaHi pe3yIbTaTé MOJICIIOBAHHS ITOKA3yIOTh

MOXJHUBICTh edexTrBHOI peanizamii cucremn YUKTE 3i
3MIHHMM QJITOPUTMOM KEPYBaHHS Ta ITOABIHHUM PEryiis-
TopoM cTtpyMy Ha 6a3i AIH 3 IIIIM (3meHmeHo nepepery-
JIIOBaHHS aKTHBHOI CKJIAZI0BOI cTaTopHOro ctpymy A/l Ha
26 %, 9UM JOCATHYTO CTaOUTEHICTh TATOBOTO MOMEHTY).

3. JocnipkeHHs B TaHOMY HAIPSIMKY € TepCHEKTHB-

HHM 3 OIJISITy MOKIJIMBOCTI ITEPEXO/TY 10 IBO3OHHOTO Kepy-
BaHHS IHBEPTOPOM Ta BUPILIEHHS PSILy IHIINX TEXHIYHAX
IIUTaHb, IO ITPUBEJE JI0 MTOJAIBIIOTO IIOKPAIIeHHS SKic-
HHX XapaKTEPUCTHK POOOTH AN3ETb-TI0I3/1a.
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Microprocessor Protection Devices: the Present and the Future

The paper presents the analysis of the basic constructive disadvantages of the present day
microprocessor-based protective devices (MBR) and offers the basic principles for creating a new

MBR that can be used in newly constructed devices.

Microprocessor-based protective devices, Relay damages, Relay protection reliability

Introduction

Electromechanical protective relays of the past gene-
ration completely met all the requirements set for protection
devices of electrical power equipment for many, many years.
In the latest microprocessor-based devices the function
of relay protection has been united with functions of other
devices: communication and data trans-mission devices,
fault recorders, substation logic units, etc. Such multipur-
pose complexes are compared now to the individual one-
functional electromechanical relays which have been func-
tioning for decades and which are now considered as rather
worn out. It is said about advantages of microprocessor
relays compared to electromechanical relays as about ab-
solutely obvious fact. What has been overlooked, though,
is that these devices perform completely different functions
which simply cannot be compared with each other [1].
Specialists of world leading manufactures have published
a considerable number of half-advertising articles stressing
only the positive qualities of microprocessor-based
protective relays (MBR). There are a few publications of
certain authors devoted solely to the analysis of problems,
connected with transition to MBR although there are many
more others. Though the problems connected with MBR
expansion are obvious, the fact that their distribution is
increasing and that they are replacing electromechanical
relays completely is inevitable only because almost all world
leading manufacturers have stopped producing electro-
mechanical protective relays. It has happened not because
electromechanical relays have insuperable disadvantages
of any great importance (they just wore out and have not
been improved for the last 30—40 years), but because of
the enormous profit gained by MBR producers which is
© V. 1. Gurevich 2010 p.
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beyond comparison in relation to the manufacture of
electromechanical protective relays [1]. As the future of
relay protection is inevitably connected with MBR (at least,
for complex protection functions), the forecast of ways of
development of this equipment is of definite interest.

The analysis of principles structural lacks of MRB of
present generation and suggestion is the purpose of this
article on creation of MRB of next generation, intended for
the again entered new objects.

1. Modern lines in designing microprocessor
protection devices

1.1. If one considers the «Factor of Unit Functionality»
(FUF) parameter-how many functions are there in a single
MBR - one can ascertain that this parameter grows year
after year. The MBR’s physical size remains constant (or
even decreases) and but its functionality continually in-
creases. What is the reason of such a growth? In our opi-
nion, there is no objective necessity to increase the FUF, it
is only a matter of the competitive activity among MBR
producers and their aspiration to excel each other in techno-
logical level of produced devices. As the FUF has direct
relation to the technical and technological level of the
equipment, increasing the FUF is usually associated di-
rectly with MBR technological level and capabilities of the
manufacturer. Thus, we think, that increasing the FUF in
MBR is no more than the means of competitive activity. Is
this tendency useful and does it really results in increasing
MBR quality? At first sight, yes, because, as it was already
mentioned above, FUF increase is provided through the
use of more progressive materials, elements and techno-
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