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Annomayusa. B 3TOW cTarbe NPEACTABIEHO MHCCIEAOBAaHHE H3MEPUTENIBHBIX OOMOTOK,
o0ecreynBaroLIX KaueCTBEHHbIM EKTPUUECKUI CUTHAI ISl CUCTEMBI YIIPABICHUS U 3allUThI IIPU
o0pbIBe (ha3, BOHUKAIOIINX B ACHHXPOHHBIX JBUTATENIAX. BelnyrHa TOKOB cTaropa aCHHXPOHHOTO
JBUTATEIs] B BHJE BTOPHUYHOTO HANPSIKCHUS MPEIBSIBISET Takue TpPeOOBaHMs, KaK BBICOKas
YYBCTBUTEIBHOCTh U BBICOKAsi CKOPOCTh U3MEHEHMS YyBCTBUTEIbHBIX AJIEMEHTOB Ipeodpa3oBarels,
U30JIMPOBAHHOCTh OT IIEPBUYHOM LEMM, SKOHOMUYHOCTb, Majlble pa3Mepbl M BEC, HHU3Kas
CTOMMOCTh. ParnmoHanbHBI BBIOOp KONMMYecTBA OOMOTOK HW3MEPUTENFHOTO HMHCTPYMEHTA H
pa3MEIEeHNs UX Ha KIIMHBSIX CTATOPa P IOJy4EHUH HOPMUPOBAHHOIO BBIXOJHOIO HAIIPSKEHUS Ha
Tpexda3HbIX IpeoOpa3oBaTesIsiX TOKAa CUCTEMbI 3aIUThl ACHHXPOHHOIO JBUraTessl OCYLIECTBISIICS
PEKOMEHIOBaHHBIMU MeToAaMu. UyBCTBUTENbHBIN 3JEMEHT NpeoOpazoBaresis Tpex(]a3HbIX TOKOB
CTaToOpa aCUHXPOHHOIO JIBUTATels BEJIMYMHY BHJ BBIXOJHBIX HANPSKEHUH JOMOJIHACT (PyHKIIHIO
OCHOBBI TMepefayn HH(OpMAIMM B CHCTEMY VYIPABICHHUS, KOHTPOJS W 3alIUTHL. OJTO
npeoOpa3oBarelb TOKAa B HaNpsDKEHHE SBISETCS KOHCTPYKTHBHO MPOCTOH W HECIOXKHOH B
M3TOTOBJIEHUH TEXHOJOTHEH, TO3BOJISIONIEH HEMTPEPHIBHO U3MEHATh U U3MEPATh pabouee COCTOsIHUE
ACUHXPOHHOIO JBUTaTeNsl, CUCTEMY KOHTPOJISA U 3allUTh IIPH 10Ja4e CUTHAIIA.

Abstract. This article presents a study of the measuring windings that provide a high-quality
electrical signal for the control system and protection during the shaving of phases occurring in
asynchronous motors. The magnitude of the asynchronous motor stator currents in the form of
secondary voltage imposes such requirements as high sensitivity and high rate of change of
the sensor elements of the converter, isolation from the primary circuit, efficiency, small size and
weight, low cost. To meet these requirements, a three-phase sensitive control and reactive power
control element of an asynchronous motor is placed in the space between the main windings and
windings on the stator wedges and provides the normative value of the received output signals. At
the same time, receiving a signal from a sensitive element that determines the symmetry of
the three-phase primary currents of an asynchronous motor and disconnecting the current from a
stator can expand the capabilities of this current converter and ensure a normal electrical value at
the output, as well as the possibility of using these signals directly in the protection and control
systems of an asynchronous motor. The rational choice of the number of windings of the measuring
instrument and their placement on the stator wedges when obtaining a normalized output voltage on
three-phase current converters of the asynchronous motor protection system was carried out by
the recommended methods. The sensing element of the three-phase current converter of
the asynchronous motor stator complements the function of the basis for transmitting information to
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the control, monitoring and protection system. This current-to-voltage converter is a structurally
simple and easy-to-manufacture technology that allows you to continuously change and measure
the operating state of an asynchronous motor, control system and sew up when a signal is given.

Knroueswie cnosa: aCI/IHXpOHHblﬁ JABUTaTCIIb, HpCO6p330BaTeJ'IB, I{yBCTBI/ITe.]'IBHhII‘/'I OJICMCHT,
00MOTKa cTaropa, BEIXOAHOC HAIIPSXKCHUEC.

Keywords: asynchronous motor, converter, sensing element, stator winding, output voltage.

IIpencraBiaeHo uccienoBaHUE M3MEPHUTEIbHBIX OOMOTOK, 00ECHEeYMBAIOIINUX KaueCTBEHHBIN
ANEKTPUYECKUI CUTHAN JJIsi CUCTEMBI YIPABICHHUS M 3alIMTHI IpU OOpbIBe (a3, BO3HUKAIOIIUX B
acMHXpOHHBbIX JaBuraremsix (Pucynok 1). Jlns obOecredenuss 3Tux TpeOOBaHHMMA TpexdasHbIi
YYBCTBUTEJIbHBIN 3JIEMEHT YIpPaBICHHUsS W YIPABICHUS PEAKTUBHOW MOIIHOCTBHIO ACHHXPOHHOIO
JBUraTesast pa3MeIlaeTcss B IPOCTPAHCTBE MEXJY OCHOBHBIMM OOMOTKAaMM M OOMOTKaMM Ha
KJIMHBSAX CTaropa W oOeclieurBaeT HOPMAaTHUBHOE 3HAYEHHE MPUHUMAEMbBIX BBIXOJHBIX CHTHAJIOB.
[Ipu 3TOM nOJy4yEeHHE OT YYBCTBUTEIBHOIO IEMEHTA CUTHaja, ONPEAEIISIONEro CHMMETPUYHOCTh
Tpex(a3HbIX MEPBUYHBIX TOKOB ACMHXPOHHOIO JBUTaTesl U OTKIIOYEHHE TOKAa OT KaKoro-iuoo
CTaTopa, MOXET pacIIUpUTh BO3MOXXHOCTH JTOro ImpeoOpas3oBarenss ToKa M 00ecHeuuThb
HOPMaJIbHYIO Ha BBIXOZE JIEKTPHUUECKYIO BEJIMYUHY, a TAKXKE BO3MOXXHOCTb HCIIOJIb30BAHUS 3THUX
CUTHAJIOB HEINOCPEJICTBEHHO B CHUCTEMax 3allUThl U YIPaBJICHUS ACHHXPOHHOIO JIBUraTejsl.
W3meputenbHass OOMOTKAa YCTAHOBJIEHA TaKUM O00pa3oM, 4YTO INpU BO3AEHCTBHUM Ha CTaTop
IeHEepPUPYEMOI0 OCHOBHOIO U PAacCEUBAIOIIEr0 MarHUTHBIX IOTOKOB C M3MEPHUTEIbHON OOMOTKH
oJly4yasach BEJIMYMHA BBIXOJTHOTO HAIIPsDKEHUS B BUAE HampsbkeHus [1-3].

PI/IcyHOK 1. PacnonoxxeHue npeo6pa3OBaTeJm TOKa B HAIIPSPKCHUC Ha a3y CTAaTOpa aCHUHXPOHHOI'O
JABHUIaTCJIsd 1 BUJ MAarHUTHBIX IIOTOKOB

BennunHa BBIXOTHBIX HANPSDKEHUH B M3MEPUTENHHONH 0OMOTKE MmojoOpaHa TakUM 00pazoM,
4yTOOBl TE€HEpUpOBaTb MaKCUMyM 5B uid HM3MepUTENbHBIX NPUOOPOB W CUCTEM YIPABICHUS
COOTBEeTCTBEHHO lIpescTaBieHHbIi peoOdpa3oBaTesb TOKa CIPOEKTUPOBAH TaKUM 00pa3oM, 4TOObI
HMETh IPOCTYHO KOHCTPYKHOUIO, TEXHOJOTHMIO M HE Tpe6OBaTI) JOITOJIHUTECIBHOI'O MAarHuTHOI'O
cepaeuyHuka [2, 4]. Crarnueckue XapakTepUCTUKU MpeoOpa3oBaresis TOKOB CTaTopa aCHHXPOHHOTO
JBUraTeiast BO BTOPUYHOE HANpPsDKEHHME Ha OCHOBE (DU3MKO-MAareMaTHyecKHX MOJENeH,
chOpMYyIHpPOBAaHHBIX MO pe3yJdbTaTaM HCCIEIOBaHUN, OCHOBaHbI Ha MOJEIW MAarHUTHOTO
CepACYHMKA CTATOPA U BBIIOJHEHBI IIyTEM UCCIIEI0BAHMS IIPOLIECCOB MPEOOPa30BaHMs CUTHAIA.

[Ipu aHanm3e CTaTUYECKUX XapaKTEPUCTHK MpeoOpa3oBaTeliss TOKOB CTATOPa aCHHXPOHHOTO
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JBHUTATENsl, B BBIXOAHOW CHTHAJI B BHJE HANpsDKCHHS TpeOyeTcss ONpenesiuTh 3aBUCHMOCTh
BBIXOJHBIX HANPSDKEHHH OT TOKOB CTaropa AaCHHXPOHHOTO [IBHTATeNs, KOJMYeCTBa OOMOTOK
U3MEPUTENILHOTO HHCTPYMEHTA, A TAKXKeE [1apaMeTPOB CTaTOPHOM cucteMsl [5 ,6].

Paznuuue B M3MEHEHUH TOKOB Tpex(a3zHOro CTaropa aCHHXPOHHOT'O JBHTraTeNs Ha BBIXOIHBIC
BEJINYMHBI B BHJIE BTOPUYHOTO HANPSHKEHUSI MOXKHO MCIOJIB30BaTh (DM3UKO-TEXHHUYECKHE d(PPEKTHI.
M30JIMPOBAHHBIA TOKOIIPOBOASAIIMK MPOBOJ, MOJYYECHHBIH B Ka4eCTBE M3MEPHTEIHHOTO JJIEMEHTA,
npeacTaBisier co0oil neTanb, KOTopas O0ecleurMBaeT JIMHEHHYIO BBIXOIHYIO XapaKTEPUCTHKY,
BBICOKYIO TOYHOCTb M UyBCTBHTEIBHOCTH IpeoOpa3oBareis, oOecreunBas npeodpa3oBaHue TOKOB
cratopa B 3(QQeKTUBHOE BBIXOAHOE HampsbkeHHe. [Ipm 3ToM pasMerieHHe H3MEpUTEIbHBIX
SJIEMEHTOB MEXJIy OCHOBHBIMH OOMOTKAaMHM M OOMOTKaMM Ha KJIHMHBSX CTaropa aCHHXPOHHOTO
aBUraresst odecreynBaeT (popMuUpOBaHME BETMUMHBI HAa BBHIXOJE B BHJE HampspkeHus. Ha ocHoBe
rpaduuecKux Mojenel, 00ecHeyuBaroIuX BbICOKYI0 (HOPMAM30BAHHOCTh W  HAIVISIIHOCTD,
Tpex(a3Hble TOKHA CTaTOpa aCHHXPOHHOTO JABUTATENS ONPEICIISIOT MAarHUTHBIE CHIIBI paccesHus fo
B MarHMTHOM CepJeYHUKE (CTEp)KHIX) craropa, HepBUuYHbE Tpexdaszusie Tokn UG Ha OCHOBE
MarHUTHBIX TOKOB DPAacCEsHUS, IMEPECEKAIONINX CO3JaBaeMble UMH YyBCTBUTEIBHBIC 3JEMEHTHI
fo.unk mpomecc mnpeoOpa3oBaHHWs BO BTOPUYHBIC HANPSHKCHUS W MOJAENb  CTPYKTYpPBI
npeoOpa3oBareis CTAaTUYEeCKUE XapaKTepUCTUKU NpeoOpa3oBaHHS TOKOB COOTBETCTBYIOIIETO
cTaTopa BO BTOPUYHBIE COCTABIIAIONINE HANPSHKECHHS ONPECIISIOTCS aHAIUTHYECKUM BBIPAKECHHEM
B BUjE [7]:

Ugblx.o‘l = K(DGUH,M.Hol(VV (Fcrlll’ Fo‘lZl)Klle Il +W(F0'213’ Fo‘lZl)KIZFG |2 + (1)
+W(F, 51 Fo‘lZl)KI3F,, l5;
U(s’le.O'Z = K(DUUWHO'Z(W(F0'213’ FO'223)K|2F6 |2 +W (Falll’ |:223)](I1F<I Il +

+W (F 315 Fozzs)K|3FC, I,

Uebzx.o‘3 = K(DUUWKHG3(W (F0'313’ I:O'323)1{I3F(7 |3 +W(F0'111’ FO'323)K|1FG Il +
+W (F0'213’ I:o'323)[<‘I2FJ |2'

rne @6 — MarHUTHBIX MOTOKOB U UBBIX, G — KO9()(DUIIMEHT MEKIIETIOUEUHON CBSI3U MEXKIY
BBIXOAHBIMH  JJICKTPUYCCKUMU HAIPSAKCHUAMU. I/ICCJ'IGI[OBaHI/Ie CTaTUYCCKUX XapPaKTCPUCTUK
3aBUCUMOCTHU MNICPBUYHBIX TOKOB aCMHXPOHHOTO ABUTATCIIA OT BTOPUYHBIX HaprI)KCHI/IfI Ha BBIXOIC
Ha OCHOBE AHAJIUTHUYECKOTO BBIpAXEHHUS IpeoOpas3oBareisi TOKOB CTAaTOpa IMOKa3alo, YTO YHUCIIO
OOMOTOK HW3MEPHUTENBHOM OOMOTKHM SIBJISETCS OMNpPENeNSIIONIMM IMapaMeTpoM MpH OOecCreueHUun
TpeOyeMOro 3HaueHHUsl BBIXOJHOTO HAIMPSHKEHUS ISl CUCTEM YIPABICHUS U KOHTPOIS PEaKTUBHOM
MOIITHOCTHU ACHMHXPOHHBIX )IBHFaTeJIeﬁ. Ha BCJIIMYMHY TOKOB CTaropa aCHHXPOHHOI'O ABHIATCIIA B
BUJIC BTOPUYHOI'0 HAMPSOKCHUA K YYBCTBUTCIIBHBIM J3JICMCHTAM Hp606p330BaTeJ'I$[ NMPECABABIAIOTCA
Takhe TpeOOBaHUS, KaK BBICOKAS YYBCTBUTEIBHOCTh U CKOPOCTh M3MEHEHUS, H30JMPOBAHHOCTH OT
MEPBUYHON IEMH, SKOHOMUYHOCTh, MaJlble pa3Mepbl U BeC, HU3Kask CTOUMOCTh. [l obecrieueHus
3TUX TPEOOBAHMI 11eTecO00pa3HO pa3MeleHrne Tpexpa3Horo nmpeodpa3oBaress TOKa YIpaBiICHUS U
yYhopaBJICHHUA ACHHXPOHHBIM JBUTATCIIEM B IIPOCTPAHCTBE MCKAY OCHOBHBIMU 0oOMOTKaMH |
00OMOTKaMM Ha KIUHBSX CTaTOpa YyBCTBUTEIHHOTO AneMeHTa. [IpeoOpa3oBarenu Toka sl CHCTEM
yIPaBICHUS] U YIPaBICHUS MMEIOT BO3MOXKHOCTH TOJyYEHUS CUTHAIOB B BHJIC HAMPSHKCHUH C
HU3MCPUTCIIBHBIX HpI/I60pOB, IMOJIY4YCHHUE CUTHAJIOB B BHUAC BBIXOOHBIX Hapr[)KeHI/Iﬁ pasHoro
3HAQYCHUA C UBMCPUTCIIBHBIX 00MOTOK ACUHXPOHHOI'O ABUTATECIISA MOXHO OOBSICHUTH 110 PI/IcyHKy 2:
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Pucynok 2. [TomoxxeHue BRIXOAHBIX KOHIIOB TPeX(ha3HOro Mpeodpa3oBaTelis TOKA.

[Ipu pasgensHOM MpHEMe 3HAYCHUS BBIXOJHBIX HANpPsDKEHUH W3MEPUTENbHBIX HPUOOPOB
B3aMIMHO PaBHBI ¥ Pa3IMYArOTCs 1O ¢aze Ha 120°C o ectb:

UBblx.l = Uebzx.Z = Uebtx.?; = Uebtx. (2)
Ueblx.l :U_” Sln a)t, (3)
U,,.,=U,-sin(at+120°);

U, ,=U, -sin(et-120°)

ebix.3

Hcxonst u3 BbipaxkeHud (2) u (3) M U3MEHsAS MNOJKIIOYEHHE BBIXOIOB HM3MEPHUTEIbHBIX
npubopoB M3 PucyHka 2, uid yOpaBle€HUS W KOHTPOJS IOJAIOTCS HANpsDKEHHUs Pa3IMuHON
BelnMurHbl. COEMHEHHE BBIXOJIOB M3MEPUTEIbHBIX OOMOTOK B BHJE 3BE€3[lbl U BEKTOpHAas CXeMa
BBIXOJIHBIX HAIPsDKEHUN NpUBeeHb! HAa Pucynke 3.

]
A
)
a) 0)

Pucynok 2. CoenvHeHHE BBIXOIOB HM3MEPUTENIbHBIX OOMOTOK B BHJE 3Be3[bl (a) M BEKTOPHOM
JMarpaMMbl BBIXOJTHBIX HaMpsoKeHui (0)

HpI/I MOAKIIFOYCHHUU ACHMHXPOHHOTO ABHUIATCIIA K TpeX(I)a3HOMy CUMMCTPHUYIHOMY UCTOYHHUKY
HAIpsOKCHHUA € HU3MCPUTCIIBHBIX 00MOTOK MMOJIy4acTCA JBa HAIPsIKCHUA, BCIMYHMHA KOTOPBIX

oTuaercs V3:

(4)

U ebix1-0 U 6bix2-0 U 6oix.3-0 U 8bIX. ’

Usbzx.l—Z = Usbzx.2—3 = U = 3 . U

6bix.3-1 BbIX.
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Bbixonpl  M3MEpUTENBHBIX  OOMOTOK — MOCTENOBAaT€IbHO  COEOUHSIOT MexXay coOoit
COOTBETCTBEHHO, TTOJTy4asi BEIXOJTHOE HaNpshKeHHe Ha KoHIax wl-u2 (Pucynox 3).

Pucynok 3. BBIXOIBI M3MEPUTENHHBIX OOMOTOK MPEICTABISIOT COOOM IOCIIEOBATENBHYIO CXEMY
MTOJIKITFOUESHMSI (2) ¥ BEKTOPHYIO TUArpaMMy BBIXOJIHBIX HAIpsbKeHUH (0).

BeixomHble HampsHKeHUS, CUMMETPHYHBIE OT H3MEPHTENIBHBIX OOMOTOK, IOJIY4YaroT, €CIH
3HAYCHUS HANPSHKEHUH U TOKOB B KaXI0W (pa3HOH OOMOTKE aCMHXPOHHOTO JIBUTATENs B3aUMHO
paBHBI M OTIIMYAOTCs IO BekTopy Ha 120. Korna BBIXOIBI M3MEPHUTEIFHONH OOMOTKH MOAKITIOUECHBI,
Kak 1oka3zaHo Ha Pucynke 3, Hanpsbkenue u wl-u2 Ha Beixoge Uwl-u2 paBHO HyIO:

le—uZ = Uu1—u2 +Uv1—v2 +U =0 (5)

wl-w2

B acuHXpOHHBIX ABUTATENsX, MUTaeMbIX OT TpexdaszHoir DCC, moreps Kakoi-mudo OmHOIM
(a3l ABIsIETCS OOBIYHBIM SIBIICHHEM, B CBSI3H, C YEM aKTYaJIbHO 00ECIIeUYeHHEe COBPEMEHHBIX CHCTEM
yIpaBiieHHs TpeOyeMbIMU YIPABIAIOLMMH CUTHaIaMu [2].

AHanu3 MWHUPOKO NPUMEHSIEMBIX ACHUHXPOHHBIX JIBUraTeJeil IOKA3bIBACT, YTO pPa3MELEHUE
U3MEpPUTENIbHOM OOMOTKHM Ha KJIMHBSIX CTaropa ¢ 4MciIoM oOMOTok 1-2 oOecreunBaer Tpedyemoe
HarpsbkeHue SB 1 cucteM ynpaBlIeHHs U 3a1IUTHI.
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