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bbbt pa3paboTaH 371€KTPOHHBINH OJOK CHHXPOHM3ALUH UL ITOJKIIOUCHUS] aCHHXPOHHBIX JBHTATeNeld K CeTH
OTpaHMYCHHOW MOINHOCTH. Ero ocHOBHOW 3anmaueil sBisieTcs oOecleueHHWE HAACKHOW M Oe3aBapuitHOM
paboThl AaCHHXPOHHBIX IBHUTaTeNeH, HCHIONb3yeMbIX POMBIIIIICHHBIMU MPEANPUATHSIMI. DIEKTPOHHBIN OJI0K
CHHXPOHHU3ALUH COCTOUT M3 CIEAYIOMUX 3JIEMEHTOB: COIIACyOMUil TpeoOpa3oBaTelb; y3elI CHHXPOHHU3AINH;
3aJafOIIII TeHepaTop U Tpex(as3HbIil pacpeaeTHTENb.
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BBEJIEHUE

ACHHXPOHHBIE [BUTATENIM SIBISIOTCS KPYHMHBIMH IOTPEOHUTENAIMH PEaKTUBHON
mourHoctd. Ha nx monro npuxonutcs okono 40 % peakTUBHOM MOLIHOCTH, IOTPeOIsieMOn
B MPOMBINUICHHBIX JIEKTpHUecKUX cerax [1]. B cBs3u ¢ 3TuM, u3MeHeHHe reHepauu
PEaKTHBHOW MOIIHOCTH OKa3blBae€T 3HAYMTEIBHOE BIMSHUE Ha paboOTy Takoro THIA
JIBUTATEIEH.

[pu Hanpsbxenuu nopsaka 0,85 0T HOMUHATBHOTO 3HAYEHUS pEaKTHBHAS MOITHOCTh
B CETH YyMEHBINACTCS BCJICJACTBUE YMCHBIICHUS HAMarHWMYMBAIONIEH MOIIHOCTH
ACHMHXPOHHBIX ABHUratenei. Ecin mpoucxomuT nanpHEWIIee CHIDKEHHE HANpSDKEHUS, TO
ACHHXPOHHBIC JIBUTATENIM HAUWHAIOT 3aTOPMaXKUBAThCS, a NOTPEOICHUE MU PEaKTUBHON
MOITHOCTH YBEIMYUBACTCS, YTO IMPHUBOJAUT K elle OoNblIeMy claay HampspKeHWs Ha
Harpy3ke. [lpomecc mageHuss HampsDKEHHsT HMEET JIaBUHOOOpas3HbBIM Xapakrep, H
ACHHXPOHHBIC JIBUTATENd B O3TOM Cllydyae OCTaHaBIMBalOTCS. Tak, MOIIHOCTh
ACHHXPOHHOTO JIBUTATEIIS, B 3aBHCUMOCTH OT €ro MCHOJHeHUs, magaet Ha 5—20 % mpu
HECHMMETPHUH HANPsDKEHUS, paBHOM 5 %. A HecuMMeTpus B 4% COKpaIaeT Cpok CIryKObl
TaKWX JBUrareseii B 2 pasa [2].

Ot Gananca akKTHBHOW M PEaKTHBHOW MOIIHOCTEH Koyebnercs u yactora ceTH. [lpu
BKIIIOYEHUM WJIM OTKIIOYEHUH MOIIHBIX AaCHHXPOHHBIX JBHUraTeiei OamaHc Oyzaer
Hapymarbcsi M OalaHCHpYIOUIME [0 4YacTOTe JJIEKTPOCTAHLMM HE BCErAa CMOTYT
o0ecrneynTh MIHOBEHHOE pEryJIMpOBaHHE. OTO TIPO3UT BBIXOAOM M3  CTpOsA
9KCIITYyaTUPYEMOT0 000y IOBAHMS.

Ha paboTy acMHXpOHHBIX ABWTaTenell BIHUSET HE TOJBKO H3MEHEHHE TeHEepaliu
AIIEKTPUIECKOH 3Hepruu, Ho U Ko dunuent 3arpy3ku. C yBennueHueM Koddduuuenrta
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3arpy3KH MPOMCXOIUT YBEIMUCHUE JIOJIH PEAKTUBHOM HArPY3KH OT TMOJICH paccesHus U ec
YMEHbIIIEHHE OT TOKOB HAMAarHUYUBaHMSL.

Brrmeniepeunciiennsie  pakTopsl  00YCIIaBIMBAIOT HEOOXOAWMOCTh  HAAEKHOM
CUHXPOHHU3AIUU PA0OTHl aCHMHXPOHHBIX MAIIMH C CEThI0. PelieHueM 3Toil mpoOiieMsl
MOJKET CTaTh JJEKTPOHHBIM OJIOK AJIsi PEerylupoBaHUS IMapaMeTpOB I10/IaBa€MOr0 Ha
JIBUTATEIh HAIPSDKEHUS C HENbI0 COOONCHNS 3aJaHHOTO peXuMa paboThl U 3alIUTHl OT
TIEPEeTa OB aMIUIUTY Il U YaCTOTHI.

Bompocy cuHXpoHM3anuu pabOThI T'CHEPATOPOB PA3JIMYHOTO THIA C CETHIO
TIOCBSIIIIEHO OOJBIIOE KOJTMIECTBO paboT, B TOM YHUCIIE TaTeHTOB [3 — 5] u myOnukaruii [6,
7]. B ucrounuke [8] omuchIBaeTCS KOMMYTAIUS COJHEYHOM 3JICKTPOCTAHIMU C OOIICH
JHEPrOCUCTEMOH.

1. OCHOBHAS YACTb

Paccmotrpum ciywaii paOoOThI aCMHXPOHHBIX IBUTATENed HAa CEThb OTPaHUYCHHON
MOIIIHOCTH.
Pa3paboranHas QyHKIHOHATIbHAS CXe€Ma AIIEKTPOHHOrO OJI0Ka IpuBeieHa Ha puc. 1.
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Puc. 1. ®ynxnuoHanbpHas cxemMa 0JI0Ka CHHXPOHH3ALUH

brmox 1 mpencraBnser coboil cormacyromuii mpeoOpa3oBaTeNb IS COMPSIKEHHS
CHUHYCOMJIAIBHOTO HanpspkeHus gasel «A» 220 B, 50 I’ co BX0I0M y3i1a CHHXPOHHU3AIUH
(YC) (610K 2). CuHyCcOMTATBHBIN CUTHAT IPEOOPA30BLIBACTCS B CUTHA MPSIMOYTOJIBHOM
(OpMBI CO CKBaXKHOCTBIO, paBHOW ABYM (MeaHmap «M»), coBmamarommii mo ¢ase c
HanpspKkeHUeM (hazbl «A.

VYC (610K 2) mpegHa3HaYeH 1151 CPAaBHEHMSI YaCTOTHI U HampsbKeHUs! Ppas3bl «A» ceTH,
KOTOpasi SIBIIIETCS BEIyIled, C COOTBETCTBYIOIIMMH ITapaMeTpamMH IPSMOYTOIEHOTO
HanpspkeHus: MeaHapa «M» das3el «A» Tpexdasnoro pacupenenutens (3DP) (6mox 4).
Kpome Toro oHO yrpapiiseT 4acToToii 3anatomiero reaeparopa (3I7) (6sok 3).

B YC nanpshkeHnue npsiMoyroibHOH GopMel, mocTynaromiee u3 Ooka 1, mogaercst Ha
JIBa TipeoOpa3oBarens 4acToTa-HarpsbkeHrne. Tok mepBoro nmpeoOpa3oBaTenst H3MEHSETCS
B 3aBUCHMOCTH OT 4actoTrhl 3[, a BTOporo— orT 4actotel cetn 220 B daszpr «A».
CymMmatop obOecreunBaeT anrebpandeckoe CYMMHPOBAHUE BBIXOJHBIX HAIPSKEHUH
npeoOpazoBaTelniell, B pe3y/bTaTe Yero BBIICISETCS HANpPSDKEHUE YIPABICHHUS 4acTOTOM
3" ¥ ero MONSIPHOCTh OTHOCUTEIBHO «HYJEeBOW» Touku nutanusa YC. brmaromapst sTomy
uMeeM HHQOpPMAIHIO HE TOJIBKO O TOM, YTO yactoTa 3I° BhIle WIIM HHXKE YaCTOTHI CETH,
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HO O 3HAa4YCHHWH BEIIMYMHBI PACCOTIACOBaHUS YacTOT. Takum oOpa3oM, MOSABISIETCS
BO3MOXKHOCTb YIIPaBJeHUs yacToToil 31, moacTpaunBas ee 1oJl 4acToTy CETH.

C BbIXOJa CyMMaTopa CUI'HaJl IIOCTYNAeT Ha BKJIIOYATENb CETH, KOTOPBIH (opMHUpyeT
JMana3zoH JOMyCTUMBIX Konebanuii yactotsl 31" it oOecrieyeHrs: ONTUMAIbHBIX YCIOBHI
COBMECTHOM pPabOThl ACHMHXPOHHBIX MAIIMH C CEThI0 M BBIAAET CUTHAJI I Hayaia
BBIPAa0OTKM HANPSDKEHUS NPSAMOYTojJbHOH (OpPMbI, IOCTYMAIOLIEr0 Ha II0JIOCOBBIE
(unbTpHI U151 BBIACTIEHNST OCHOBHOU YacToThl 50 '

Brnok 3 (puc. 1) npeacrasisier coboii 317, Bergarommii wactoty 300 'y, koTopas 3aTem
noctymaer B 3DP.

brok 4 (puc.1l) — 3OP, xoropslii aenut yactory 300 ['m Ha 6 u pacnpenenser
gactoty 50 'l Ha Tpu ¢a3bl. [Ipu 3TOM KakAblii CUTHAN CABMHYT APYT OTHOCHUTEIHHO
Jpyra Ha 120°, a mearmp «M» hassl «A» IPHHAMAETCS 33 HYyJIEBYIO OTMETKY. Ha Bbeixoze
3®P nHampspkeHus Bcex a3 MMEIOT MPSMOYTONBHYIO GOpMYy.

Illects mepuosoB konebanuii 31 coctasmsor 360°, Tak Kak KaxbIil epuox 310 60°.
B pesynprare dopmupyrorcst curHanel Bcex Tpex (as. Ilommberit mukn dhopMupoBaHus
3aKaHYMBAETCS C MEPEAHUM (POHTOM IISITOTO MMIYJIbCAa CHHXPOHHM3AIMM, TaK Kak JBa
IMK/IA HMITYJIbCOB CHHXpOHH3aImu coctassior 120° (puc. 2).

Hanee TpexdasHblii CUTHAN MPSIMOYTOJIbHOW (POPMBI MOCTyMaeT Ha YMpaBJIsieMbIi
Tpex(da3HbIlii KOMMYTaTop, KOTOPBIM MONKIOYaeT ero K wuHBepTopam. C BhIXOna
WHBEPTOPOB CUTHANBI TIOCTYMAlOT Ha TMOJIOCOBBIE (MIBTPHI BBIACIEHHUSI OCHOBHOU
rapmonuku (50 ') B mosoce ot 45 o 55 I'u: mepBoe 3BeHO — QUIIBTP HIKHUX 4acTOT (OT
0 mo 55 I'm); BTOpoe 3BeHO — GUIBTP BBICOKUX 4YacToT (0T 45 I'1) co cpemnelt 4acToToi
50 I

B pesymbrare ommcaHHoe YycTpoHCTBO (GopMHpYeT Tpex(a3Hoe HampspKeHHe
(hUKCUPOBaHHOW aMIUIUTYABI, YacTOTBHl W (ha3bl, KOTOPOE Yepe3 YCHINTEIb MOIIHOCTH
NoJaeTcsl Ha ACHHXPOHHBIM aBurarenb. Tpu (a3l momaBaeMOro HampsKEHUS
CUMMETPUYHBI, UIMEIOT OJJMHAKOBYIO aMILUIUTYAY, YaCTOTY U CABHHYTHI 1O ()a3e POBHO Ha
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3AKJIIOYEHHUE

Taxum o6pa3om, B pe3ysbTaTe MPUMEHEHHs OJI0Ka CHHXPOHHU3ALUN 00eCTIeYUBAIOTCS
ONTUMAaJbHBIE JUIA PaOOThl ACHHXPOHHBIX JIBUTaTeNeil MapaMeTphl, 4YTO IO3BOJISIET
n30eKaTh AaBapUMHBIX OTKIIOYEHHH W CHOCOOCTBYET YBEIMYCHUIO HAACKHOCTH.
PazpaboTka MoxeT OBITH HCHONB30BAaHA HA TNPOMBIIUICHHBIX NPEANPHATHIX, T
OCHOBHYIO HAarpy3Ky COCTaBJSIFOT HMMEHHO AaCHHXPOHHBIC JABMIAaTeNH, M OCTaHOBKA
IPOM3BOJCTBEHHOI'O IIpoLieCCa H3-3a HECTAOWJIBHOCTH HANPSDKEHUS M 4acTOThl CETU
NpUBEAET K MPOCTOI0 00OPYAOBAHUS U TOTEPSIM IPUOBLITH.
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REGULATION OF ASYNCHRONOUS MOTORS AND LIMITED POWER
NETWORK JOINT WORK
Bekirov E. A.*, Asanov M. M., Voskresenskaya S. N.
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295007, Russia
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Electronic synchronization unit used to connect asynchronous motors to the limited power
network is designed. This device is useful because a significant voltage drop in the
network leads firstly to braking and then to stopping of the motors. At the same time, the
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deterioration of the supplied power quality, that is, the voltages asymmetry, may lead to
decrease of mechanical power, to reduction of the motors lifetime. Thus, the main task of
the unit is to provide reliable and trouble-free operation of asynchronous motors in the
limited power network. The electronic synchronization unit consists of the following
elements: a matching converter; synchronization block; master oscillator and three-phase
distributor. Matching converter is used to interface the network phase sinusoidal voltage
with the input of synchronization block and to convert it into a square wave signal. The
synchronization block compares the frequency and voltage of the network phase with the
corresponding parameters of the square wave signal supplied to the bandpass filters from
the three-phase distributor. It includes two frequency-voltage converters, which operation
mode is regulated according to the network frequency and the master oscillator.
Converters’ signals in case of need can be amplified. They arrive to the adder used to
determine the mismatching voltage, by means of which the control of the master oscillator
frequency is carried out. Three-phase distributor divides the frequency coming from the
master oscillator by six, whereby each phase of the asynchronous motor is supplied with
industrial frequency voltage. Six oscillation periods are 360° since each period
corresponds to 60°. Thus, there is a signals generation of all three phases. Square wave
signals supplied to the controlled three-phase commutator connected to the inverters.
Further, bandpass filters connected to the circuit that isolate the signal with a given
frequency range. Electronic synchronization unit for connecting asynchronous motors to
the limited power network is intended for use by industrial plants in order to reduce the
risks of stopping the technological production process, to ensure the stable operation of
electrical equipment.

Keywords: asynchronous motor, network, electronic unit, voltage, frequency.
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