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MOAEJIUPOBAHUE MAT'KOI'O ITYCKA CHHXPOHHBIX
SJEKTPOIIPUBOJOB

SIMULATION OF SOFT START OF SYNCHRONOUS ELECTRIC DRIVES

Buisignenvr  ocnosnvie HecamueHnbvle (akmopwl, euuUAIOWUE HA  PEAHCUMDL
3anyCcKA  CUHXPOMHBIX — JJIEKMPONPUE0OO8  HACOCHBIX — a2pe2amos  cucmem
OpOCUMENbHO20 8000CHADIICEHUS, NPOBEOCHO KOMNLIOMEPHOE MOOEIUPOBAHUE
npsAMO20 U NIABHO20 MNYCKA CUHXPOHHO20 INEKMPONPUBOOd, pe3Yibmanbl
MOOETUPOBAHUS NPUBEOCHBL HA 2PAPUKAX U COENIaH KPAMKULL 8b1800.

The main negative factors affecting the starting modes of synchronous electric
drives of pumping units of irrigation water supply systems were identified,
computer simulation of direct and soft start of synchronous electric drive was
made, the simulation results are shown in graphs and a brief conclusion was made
on the study.

Kniouesvie cnoea: nacocmvie aspecamvi, CUHXPOHHBIIL DJEKMPOOBUSAMEND,
nycKoGble MOKU, Hazpes 08usamelis, MOOeIUPOBarUe, NIAGHbIIL NYCK.

Keywords: pumping units, synchronous electric motor, starting currents,
motor heating, modeling, soft start.

In this work, the object of the study was adopted high-voltage pumping units
of the irrigation pumping station of the first lift. Disturbing effects on the facility
were adopted modes of starting the units and the hot climate of the area. Taking
into account all factors, the studies were carried out at the ANS-1 irrigation pump
station, which is located in the Asht district of the Sogd region of the Republic of
Tajikistan. Four pumping units of the 1200V-6.3/100-A series with a capacity of 8
MW each are installed in ANS-1 [1, 2, 3]. The electric drive is salient-pole
synchronous electric motors (SM) with a vertical design with regulation of the
performance of pumping units by turning on or off the units. This method is
ineffective and dangerous, in view of the fact that each shutdown and inclusion are
carried out with dynamic electromagnetic transients. In addition, hydraulic shocks,
in turn, during start-ups damage and wear out the mechanical parts of equipment
and joints of pipelines [4]. Each start-up of a high-voltage SM passes through
multiple jumps in the currents and moments of the motor, with voltage deviation,
heating of the motor and losses, which reduce the technical life of the units and the
entire equipment [4, 7, 8]. At the same time, if we add the still hot climate to the
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negative impacts, then the transitional regimes of pumping units can be very
critical. Therefore, eliminating or minimizing the negative factors affecting the
electric pumping units at startup is a very urgent issue that needs to be investigated
and optimized.

With the development of power electronics, various types of semiconductor
converters with different functions and capabilities, such as current inverters and
voltage regulators, serving only for the soft start of high-voltage AC motors
became available. The elimination of negative factors during start-up can be
achieved with the use of soft starters (device for soft starts), since they are cheaper
than the inverter by almost two to three times, and are good for alternating soft
start of several electric motors [3, 4]. For this purpose, in this work, we simulated a
transient process with direct and soft start of SM. The main program for modeling
was adopted by the MATLAB/Simulink package with which we obtained the
transient start-up graphs of the high-voltage SM shown in figures 1 and 2.
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Fig. 1. Transient graphs for direct start-up of SM series BJJC2-325/69-16

141



M, (o.e.) Moment

T T T T 1 T
0 | |
-2 ] 1 1 | | | t, (c)
0 2 4 6 8 10 12 14 16
w, (0.e.) w rotora (pu)
T T T T T
0 —
1 | | | ! | | t,(©)
0 2 4 6 8 10 12 14 16
I, (0.e) effective current
4 T T T T T T
2 = i H i 3 . -
0 | i | | [ St
0 2 4 6 8 10 12 14 16
U, (0e) voltage phase Ush
1.5— T T T - - :
1 =T =
0.5 L ! 1 i | | t, ()
0 2 4 6 8 10 12 14 16

Fig. 2. Soft start of the SM series B/[C2-325/69-16

As the simulation results (see in Fig. 2) show, using the soft starter provides
fairly favorable conditions for transient processes, namely, it limits the inrush
current and jumps in the amplitudes of the oscillations of the electromagnetic
moments of SM. In addition, modern soft starters provide the following advantages
[4]:

— significantly reduces dynamic loads on bearings of the electric motor;

— improving the operating conditions of electrical equipment;

— significantly reduces current, power losses and voltage deviations in the
network when starting the electric motor;

— an increase in the number of permissible starts and the launch of electric
motors from sources of limited power;

— improving the reliability and service life of equipment.

As a result of the study of transients of the electric drive of pumping units of
the ANS-1 irrigation pump station, it was shown that to optimize starting
conditions, it is sufficient to use a soft starter, which are cheaper and can be used to
turn on several electric motors in turn. The results of computer simulation showed
that the negative effects of currents and moments can be reduced with the help of
soft starters.
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B nanHOl pabore 00BEKTOM HCCIeNOBaHUs ObLIa MPUHSTA BHICOKOBOJIBTHAS
HAcOCHasl YCTaHOBKa OpPOCHTENBbHOW HAaCOCHOM CTaHIMM NEPBOTO IOIbEMa.
HeratuBHble QakTopbl, BO3JEHCTBYIOIMI Ha OOBEKT OBLIM NMPHUHSATHI ITyCKOBOH
PeKUM arperaTtoB M >kapkuil ximmar MectHocTH. C yderom Bcex (hakTopos,
HCCIIEIOBAaHUSl TMPOBOJWINCH HA OPOCUTENbHOM HacocHoW craHuuun AHC-1,
KOTOpass Haxomutcs B AmrckoMm paiioHe Cormmiickoit oOmactu PecmyOmuku
Tamxukucrad. B 3Toli cTaHIMM yCTaHOBJIEHBI YETHIPE HACOCHBIX arperara CepHu
1200B-6,3/100-A momnocthto mo 8 MBT [1, 2, 3]. DnekTponpuBOjA CTaHIMU
AHC-1 mnpexacraBnser coboii Tpex¢a3Hbie CHHXpOHHBIC 3ekTpoasuratenu (CJI)
BEPTUKAJIBLHOTO HCIIOJNIHEHUS, a PETYIUPOBAHUE ITPOM3BOAUTEIHHOCTH HACOCHBIX
arperaTtoB BBITOJHSETCS ITyT€M BKJIFOUEHHS WIIM BBIKIIOYEHHS arperatoB. JTOT
MeTol Hed(P(EKTUBEH W OMaceH BBHAY TOrO, 4YTO KaXJI0€ OTKIIOYEHHE |
BKIJTIOUEHHUE BBITIOTHSIOTCS C TUHAMHYECKUMH SJIEKTPOMArHUTHBIMH TIEPEX OJJHBIMU
nporeccaMu. Kpome toro, ruapaBiuueckue yaapsl, B CBOIO O4epe/lb, NPH MycKe
MOBPEXIAIOT U M3HANIMBAIOT MEXaHWMYECKHE YacTH 00OpYIOBaHMS M COEIUHEHHUS
TpyoonpoBonoB [4]. Kaxmaprii myck BeicokoBoabTHOro CJ[ mpoxomutr ¢
MHOTOKPaTHBIMH CKa4KaMH TOKOB M MOMEHTOB JIBHTaTeNs, C OTKIOHEHUEM
HaNpsDKEHWs, HarpeBOM JIBUTATENsl W IOTEpSMH, KOTOpHIE yMEHBIIAIOT
TEXHUYECKHUH CPOK CITYKOBI YacTell CTaHIIUM U Bcero o00opyAoBaHus B 1esioM [4, 7,
8]. B TO ke BpeMs1, eciii MBI J00aBUM K HETaTHBHBIM BO3JICHCTBHSAM €IIe YKapKuii
KJIMMaT, TO MEPEXOAHBIE PEXHMBI HACOCHBIX arperaroB MOryT OBITh OY€Hb
KpUTUYHBIMH. [103TOMYy ycTpaHeHHEe WM MHHHUMH3ALMS HETaTHBHBIX (DaKTOpPOB,
BIMSIONINX Ha 3JIEKTPUYECKHE IPHUBOJABI HACOCHBIX arperaTtoB IIPH 3allycke,
SIBIISIETCS. OYEHb aKTyaJbHOW IPOOJIEMOH, KOTOPYI0O HEOOXOANMO HCCIIEIOBAaTh U
OINITUMHU3UPOBATE.

C pa3BUTHEM CHJIOBOW OJIEKTPOHHMKH CTalld JOCTYITHBI PAa3JIMYHBIE THITBI
MONYIIPOBOJHUKOBBIX ~ IpeoOpa3oBaTeneldl C  pasNUuHBIME  QYHKIOMAMH |
BO3MOXKHOCTSMH, TaKHe Kak IIpeoOpa3oBaTeNli M PEryJsTOphl HAIpPsHKEHHS,
KOTOpBIE CIIY)KaT TOJNBKO JUIsi IUIABHOTO ITyCKa BBICOKOBOJIBTHBIX JIBUTATEIel
MIepEeMEHHOr0 TOKa. Y CTpaHEHHE HETaTHUBHBIX (haKTOPOB IPH ITyCKE MOXET OBITh
JIOCTUTHYTO C ITOMOIIBIO YCTPOWCTB IUIABHOTO IMYCKa, MOCKOJBKY OHHU JIEIIEBIIE,
4YeM IpeoOpa3oBaTeNy YacTOTHl TOYTH B [JBa-TPU pa3a W XOpOWM JJIs
MIOOYEPETHOrO MJIABHOTO IycKa HECKOJIBKUX AeKTpoasurareneit [3, 4]. Jlms stoi
LIETH B 3TOH paboTe CMOJIEIMPOBAHO NIEPEXOAHBIN MPOLECC C MPSMBIM U IIaBHBIM
sammyckom  CJ[.  Ilporpamma  uis  MoOmenMpoBaHWS  ObUIa  MPHHATA
MATLAB/Simulink ¢ momompo, Kkoroporo ObIIO MOIY4eHO TpaduKu
MIEPEXOTHBIX TPOIIECCOB Mycka BbicokoBONbTHOrO CJI (cM. Ha puc. 1 u 2).

Kak rmoka3pIBaloT pe3yibTaThl MOJENUpOBaHUS (CM. Ha puc. 2),
WCIIONIb30BAaHUE  YCTPOMCTBA  IIABHOTO IycKa  OOecleuyMBaeT  JIOBOJIBLHO
OnaronpusITHBIE YCIOBHS JUISl NIEPEXOJHBIX ITPOIIECCOB, & UMEHHO OrpaHUYUBAET

143



ITyCKOBOW TOK U CKAYKH aMILTUTY]] KOJICOaHUH 3JIEKTPOMAarHUTHEIX MoMeHTOB C/I.
Kpome TOro, coBpeMeHHbIE YCTpOWCTBAa IUIABHOI'O ITyCKa 00ECHEeYHBAIOT
CJelyIoIIre BO3MOXHOCTH [4]:

— 3HAYUTENHPHOE CHIDKEHUE IUHAMUYECKUX HArpy30K Ha MOALIUMITHUKAX
3NEeKTPO/ABUraTENS;

— yJIydlIEHHE yCIOBUH SKCIUTyaTallMH JIEKTPOOOOPYIOBaHUS;

— 3HAYUTENHHOE CHIDKEHHUE TOKOB, IOTEPU MOUIHOCTH M OTKJIOHEHUS
HAIpPsDKEHUS B CETH MPH 3aITyCKe 3JIEKTPOJIBUTATENS;

— YBEJIUYEHHE KOJIMYECTBA IOMYCTUMBIX TYCKOB U MYCK 3JIEKTPOJIBUTATENEH
OT UCTOYHUKOB OrPaHUUEHHON MOIIHOCTH;

— TIOBBINICHUE HAJCKHOCTH U pecypca 000pyI0BaHUS.

B pesynpraTe wHccnenoBaHHsT IYCKOBBIX —IMEPEXOAHBIX —IPOIECCOB B
AJIEKTPONPUBOJIC HACOCHBIX arperatoB craHmud AHC-1 ObUTO MOKa3aHo, 4TO JIIs
ONTHUMM3AIUU YCIOBUH 3aIlycKa JOCTaTOYHO MUCIOJB30BaTh YCTPOUCTBO IJIABHOTO
ITycKa, KOTOPOE JICTIIEBJIC M MOXET OBITh UCIOJB30BAHO JIUIS ITyCKa HECKOJIBKHX
3JIeKTpoJABUraTeNied mo ouepeau. Pe3ynbTaTbl KOMIBIOTEPHOTO MOJEIUPOBAHMS
TaKKe MOKa3alld, YTO HEraTUBHOE BJIUSHUE TOKOB U MOMEHTOB MOXKHO YMEHBIIUTh
C TIOMOIIBIO YCTPOMCTB IJIaBHOT'O MyCKa.
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