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PA3PABOTKA OIITUMAJIBHOTO ITO D9HEPTO3ATPATAM
3AKOHA VIIPABJIEHIA ACMHXPOHHBIM IBUTATE/IEM
C IBYXCTOPOHHUM IMTAHMEM /I TYPBOMEXAHU3MOB TOC

U.B. bouxapes, K.K. Kenebaes

PaccmoTpeHbl pa3nivyHble 3aKOHbl perynnpoBaHua peaktusHomn mowHocty AN, MpegnoxeH HOBbIV 3aKOH pe-
rynMpoBaHua, Af1A KOTOPOro COCTaBJ/IeH airopuUTM pacyeta GyHKLMI perynupoBaHua n Tokos AAAMN.
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DEVELOPMENT OF OPTIMAL ENERGY CONSUMPTION
ON CONTROL LAWS ASYNCHRONOUS MOTORS
WITH TWO-WAY SUPPLY FOR FLUID-HANDLING APPLICATIONS OF TPP

1.V. Bochkarev, K.K. Kelebaev

It is considered various laws of regulation of reactive power ADDP. It is offered the new law regulating for which
algorithm of the calculation of regulatory functions and currents ADDP.

Keywords: fluid-handling application; reactive power; VFD; thyristor frequency converter; control functions.

B suepretnueckom nukiie TOC ucnombsiyercs
00JbIIOE KOJTMYECTBO pa3HBIX THUIOB TypOomexa-
HU3MOB (HACOCHI, BEHTHJIATOPBI, KOMIIPECCOPHI, JbI-
Mocochl 1 ap.). Typ6omexanusmsl (TM) mHanmpsamyo
BJIMSIIOT Ha DKOHOMHUYHOCTh U HAJEKHOCTH PaOOTHI
Bceid TOC. Ilpu 3TOM, TOCKOJIBKY PEXUMBI PaOOTHI
TOC KonebaIoTCsl B TEUEHNE CYTOK, a TaKXkKe CHIIb-
HO M3MEHSIIOTCSI B 3MMHUH U JIETHUH CE30HBI, TO I10-
SBIISICTCSI HEOOXOIMMOCTh PETYIHPOBAHUSA pabounx
BBIXOAHBIX napameTrpoB TM — Hanopa H u pacxona
Q. llpumeHsieMble Ha MIPAKTHKE IPOCCEIbHBIE METO-
nbl perynuposanust H u O (kimanaHaMu, 3aJBHXKKa-
MU, HallpaBJISIONMMH ariaparaMi) HeOSKOHOMHUYHEI
U TIPUBOJAT K 3HAYUTEIBHBIM IOTEPSIM 3JICKTPO-
SHEPrUH, N3HOCY MEXAaHM3MOB U 3allOpHON apmary-
PBI, CHIDKEHHUIO HAJEKHOCTH 3a CUET THMApABIHYC-
CKHX ymapoB U T. 1. [ToaToMy paboThl mo mepeBogy
TM na sHeprocOeperaronmue aBTOMaTu3MPOBAHHBIC
cuctembl ynpasieHust (JACY) sBigioTCS akTyaslb-
HBIMH, T. K. TO3BOJIAIOT JOOUTHCS OLyTHMOTO 3HEp-
rocoepexenus [1].

OO0menpu3HaHHBIM ~ CPEICTBOM  BHEprocoepe-
JKEHHsI TTPOM3BOJICTBEHHBIX MEXaHH3MOB SIBIISETCS
UCTIONB30BaHUE I HHUX YacCTOTHO-PETYIHUPYEMOTo

9JIEKTPONPUBOJA, KOTOPBIH HE TOJIBKO MO3BOJSIET HC-
KITIOUUTH APOCCETMPOBAHUE, HO M O0CCIIEUNBaCT Iie-
JBIA PSAI BaXKHBIX TEXHOJIOTMYECKUX BO3MOKHOCTEH.
[IpoBeneHHBIN aHaMU3 TMOKa3ajl, YTO 3JIEKTPOIPUBOJL
TM naunbosee 1es1ecoodpa3Ho CTPOUTh Ha 0a3e acHH-
XPOHHOTO JIBUTaTeNsl C ABYXCTOPOHHUM IHUTAHUEM
(AJAIT). AOIIT npencrasnsier coborr AJ] ¢ dhasHbM
pOTOpOM, OOMOTKa CTaTopa KOTOPOTO IOIKITIOYaeT-
Csl HETIOCPEICTBEHHO K THTAIOICH CETH, a pOTOpHAS
00MOTKa TPUCOEAMHACTCS K 3TOH CETH 4epe3 THPH-
cTOpHBIIT peoOpaszoBarens vactorsl (TIIYH) u pasne-
nurensHbli Tpancdopmarop (PT). PT nysxen mist cHu-
JKEHUSI HAIIPSDKEHUS!, IOIBOAMMOTO K 0OMOTKE poTopa,
MTOCKOJNIBKY B MpHBOAax TM HCIIONB3YIOTCS JBUTATCITH
OONBIION MOITHOCTH, MUTAIOIINECS OT BBICOKOBOJBT-
Hoit ceru. TIIY comepkUT BBIIPSIMUTEb, WHBEPTOP
1 CTIIQKMBAIOMIMK Apoccenb. DTO MO3BOISIET HE3aBH-
CHUMO DEryJHpOBaTh AaKTUBHYIO MOIIHOCTH (4acTOTY
BpallleHUsT ¥ MOMEHT), a TaKXXE PEaKTHBHYIO MOII-
HOCTH B OOMOTKe cTaropa [2, 3].

Ananu3 ocHOBHBIX ypaBHeHUH AJIJIIT noka3biBaer,
YTO TIPH 3aJaHHBIX 3HAYEHMSIX YaCTOTHI BPAIICHUS JIBU-
ratens 1 MOMEHTa Harpy3Kd MOXKHO TIOMYYHTb pas3iid-
HBIE PEKUMBI PAOOThI, KOTOPHIE 3aBUCST OT apaMETPOB
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TIOJIBOJJUMOTO K POTOPY HAIPSDKEHHS. DTO OOBSICHICTCS

teM, uro B AJIIIT numeercss BO3MOXKHOCTb PETYIIMpPOBa-

HHsl PEaKTHBHOM MOIIHOCTH CO CTOPOHBI craropa (), ,

1 poropa O, .. IIpu 5ToM QyHKIMAME PETyIHPOBaHHs

SBJIAIOTCS 3a7aHHbIE 3HAYEHMS MMapaMeTPOB YCTaHOBHB-

urerocst pexuma: M_ S . O, . O, . IIpoBencHubIit

aHAJIM3 TIOKa3aJl, YTO HauOoliee XapaKTepPHBIMU 3aKO-

HaMH PETYJIMPOBAHMS IApaMETPOB PEKHMOB PaOOTHI

AJIIIT siBsiroTCsI Cllemyronme:

»  oOecrieueHUE PEaKTUBHON MOIHOCTH, MOTPeOs-
€MOH CO CTOPOHBI CTaTopa, papHo Hymo O, = 0.
D(HhEKTUBHOCTD TAKOTO PEKUMA OOBSCHSICTCS TEM,
YTO YacTOTa CKONBKEHHUS f; 3HAYMTENHHO MEHBIIIE
YacTOTBI CETH f), TIOOTOMY JUIA CO3/IaHHS OIHOTO
1 TOTO YK€ MarHUTHOTO MOTOKa TPeOyeTCs MEHbIIast
peaKkTHBHAs MOIITHOCTh CO CTOPOHBI POTOPA, YEM CO
CTOPOHBI CTaTOPA;

»  ofecrieueHHEe PEaKTHBHONW MOIIHOCTH, TOTPEOs-
€MOH €O CTOPOHBI POTOPa, paBHOU HymO O, = 0.
D(hGhEeKTHBHOCTh JTOTO  pPEKUMA  3aKITFOYASTCS
B TOM, YTO B 3TOM Cllydae TpeOyeTcs MUHUMAJIbHAs
HOMUHaJIbHAsI MOITHOCTH TTIY;

»  peryaupoBaHHE 110 MUHUMYMY CYMMAapHBIX JI€K-
TPUYECKHUX TOTeph MOIHOCTH AP = min B 00-
MOTKaX JIBUTATEJIsl, YTO OOECIICYNBACT CHIKCHHE
UX Harpesa.

[Ipu perynupoBanuun AJIJIII B ykazaHHBIX peKu-

Max paboThl TOKH CTaTopa U POTOpa He JIOJDKHBI Tpe-

BBIIIIATh HOMMHAJIBHBIX 3Ha4eHui. [1pu 3ToM oueBua-

HO, 4TO IpHu J000M 3akoHe perynupoBanus AJIJIIT

HEoOXoANMO obecrieunBaTh Tpedyemble MapamMeTpbl

TEXHOJIOTHYECKOTO Tporecca. B atom ciydae u cuio-

Bas yacTb DACY, u TypOoMexaHU3MBI B IIEJIOM padoTa-

0T C ONTUMAJIBHBIMU HEPTETHUECKUMHU TOKa3aTems-

mu. Ecmu AJI/IIT paboTtaet Ha IPUBOJHON MEXaHH3M,

MMEIOIUN TIOCTOSHHBIII MOMEHT CONpPOTUBIIEHUS,

OMM3KMH K HOMHHAJIBHOMY 3HAUCHMIO JIBUTATEINS, TO

BO3MOYKHOCTb PEryJIMPOBaHUS PEAKTUBHOM MOIIIHOCTH

B AIJIIT orpanndena u U1 ee peann3anui TpedyeTcs

3aBBIIICHHAS] YCTAHOBJICHHAs MOIIHOCTH JBUTATENIS.

OpHako JUIs MEXaHHW3MOB, HArpy304HBIH MOMEHT KO-

TOPBIX CYIIECTBEHHO 3aBHCUT OT CKOPOCTHU BpAILEHUs

pabouero oprana, 3Toro He Tpedyercs.. IMeHHO K Ta-

KHM MeXaHu3MaM OoTHocsATCSE TM, y KOTOPBIX MOMEHT

MMEET KBaJPaTHIHYIO 3aBHCUMOCTb OT CKOPOCTH.
PerymupoBanue pexunma paboter AJIJIIT ocymect-

BIIICTCSI U3MEHEHHEM TTapaMeTPOB HANpPSKEHHUs, TTOJIBO-

JuMoro K poropy asurarenst ot TITY: gelicTByromero

sHauenns U, u (asel 6. Bextop U, 00BMHO OTCTaET OT

BEKTOpa Hanpsbkenus cetn U, na yron J. Torma cocras-

JISTIOIINE HAIPSDKEHUI MOYKHO 3aIicarh B BUIE

U,.=U; U]y =0;

1
U,,=U,cos86; U, =U,siné. M

Bemmunnbt U, B J, KOTOPBIE COOTBETCTBYIOT KOH-
KpEeTHOMY pexuMy padoTel TM, MOXHO OIpenennTh
IyTeEM COBMECTHOTO PELICHUs] YPABHEHUI aKTUBHBIX
U PEaKTUBHBIX COCTABIAIOIIUMX TOKOB M MOMEHTa
AJIATL. Hanpumep, st o0ecriedeHus] pexuma, MpH
KOTOPOM pEaKTHBHAsi MOIIHOCTb, IMOTpedisemMas co
CTOPOHBI CTaTopa, paBHa Hymo Q,= 0, Benudunsl U,
1 0 HAXOIATCSA W3 PELICHUs] YPAaBHEHUS! PEaKTHBHOTO
TOKa cTaropa

1,(U,6.59=0 @

IIPH MOMEHTE JABUTATEINS, BBRIYHCIIEMOM TI0 BBIpaKe-
HUwo [4]:
2
1-s

CH, +

rae H — cratudyeckuil Harop, KOTOpPbIi paBeH pas-
HOCTH JIaBJICHUII B Havaje U B KOHIE TPyOONpPOBO/a;
H, — Hamop Hacoca NpH 3aKPBITOH 3aJBIXKKE, T. €.
npu pacxone Q = 0; C = I — I/H, — xo>pduunent;
§ — CKOIbXEHUE potopa; 77, (o, H, ) — KIII TM; @ —
YIJIOBasi CKOPOCTH KoJieca Hacoca, 0.€.

CoBMeCTHOE pelIeHHE ITUX JBYX YPABHEHHUH I10-
3BOJIAET ONpeeNuTh 3HaueHus U, u J, KOTopble cOOT-
BETCTBYIOT TpeOyemomy Haropy TM M peakTUBHOI
MoutHocTH O, .

[TpoBeneHHBIH aHATN3 TTOKA3aJl, YTO JUIS CO3/IaHUs
OJTHOTO U TOrO ke MaruuTHoro noroka B AJI/IIT co cro-
pOHBI poTopa TpeOyeTcsi MEHbIas PEeaKTHBHAS MOILI-
HOCTb, YEM CO CTOPOHBI cTaropa. [loaToMy MOJKHO mpesi-
JIOKUTB €l OIUH CNOCO0 PEryIMpOBAaHUS PEaKTHBHOMN
momHoctd B AJIJIIT — perynupoBaHue MO0 HOMHUHAIb-
HOMY TOKy potopa /,= [, = const. [Ipu Takom crocoGe
BO BCEM JMAIa30HE PETYIMPOBAHMS YaCTOTHI BPAILICHUS
HEOOXOIMMO TIOAIEP)KaTh 3HAYEHHsI PEAKTUBHOTO TOKA
potopa / ,, B COOTBETCTBHH C YCIIOBHEM

I2y= VIZZH_I22x7 (4)

e /, — aKTMBHAs COCTABIIAIOMIAs TOKa POTOPA.

[Ipu 3TOM OOecmeunBaroOTCss HaubOIee BBHICOKUE
CyMMapHbI€ YHEpreTHUecKre MmoKa3arelru BO BCEM pa-
6ouem anarazone TM.

B ycraHoBuBIIEMCS peXMME YpaBHEHHUS IEKTPH-
yeckoro paBHoBecHst AJIJII1 B opToroHajbHbIX CHHXPOH-
HBIX OCSIX X, )’ MOXKHO 3aITcaTh B MATPUIHOH (opme:

U, n -0y, 0 -o,L, I,
U, _ ,L, h o,L, 0 N I, . (5)
U, 0 —o,L,s 1, —0LS L,
U,, w,L,.s 0 w,L,s 7 1,

me U, , U Iy U, U, — NPOCKUHH BCKTOPOB HaIpsDKe-
HUH cTatopa W poTOpa Ha CHHXPOHHBIE OCH; [, 1, ,
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RS TexsonormHeckie OHepreTiyeckie
napametpsr: Oy, H TapaMeTpsl
"F
‘ Pacwers, M | ‘ I;,=0, pacuer [, ‘

Pacuer I1y, 2y

Pacuer I, s o = L=l I=0

SN ==y

PucyHnok 1 — Anroputm pacyera QyHKIHIA
npu perynuposanuu no [,= I,

I, I,, — COOTBETCTBEHHO HPOCKLHH BEKTOPOB TOKOB
craropa U poTopa Ha Ocu X, y; L, L, — TI0jiHast 9KBUBa-

JIEHTHAs HHIYKTHBHOCTb (ha3bl cTaTopa U potopa; L —

MHJYKTHBHOCTb €N HaMarHM4MBaHus; @, — yrioBas
9acToTa SIEKTPOMarHMTHOTO MOJIS CTaTopa; '), ', — aK-
THBHBIC CONPOTHBIICHHUS (ha3bl cTaTopa U poTopa.

Torma w3 ypaBHeHH (5) peakTUBHBIN TOK CTaTO-
pa paBeH

_ rlllx _a)LmIZy _Ul
1y = Q)L : (6)

m

Anroput™m pacuera (QyHKUUH peryIupOBaHHS
U, n 6 1o npensioxkeHHOMY coco0y MoKa3aH Ha pH-
cyHke 1.

Pesynbrarel pacuera tokoB AJIII mpu perynu-
POBAHUM PEAKTUBHOM MOIIHOCTH IO HPEITIOKEHHOMY
crocoOy /,= 1, = const nokaszaHbl Ha pucyHke 2. Pacuer
nposezien s AT mommnoctero 200 kBt ipu H,= 0
¥ OTHOCHTENIBHOM Tof1ade Hacoca 1 < Q* < 0,615, ato
COOTBETCTBYET JIMAIIA30HY PETYIMPOBAHUS CKOJIBKCHUS
0,025 <s <0,4. 3necy oboznaveno Q* =¢Q /Q .
e QWW — HOMMHaJIbHAs Tofaya [1H.

O‘{CBI/I)IHO, YTO €CJIM ABUTATEIb HECAOTPYKECH 110
MOMEHTY, TO TonydaeM Q,> 0, T. €. cTaTop BBIAAET pe-
AKTHBHYIO MOIITHOCTB B ceTbh. Kak rmokasain pacuer (cMm.

250

I,J
0
—— !2‘
-125 S— il
\I \
-250 = S, o.e.
0.4 0.3 0.2 0.1 0

Pucynox 2 — Toxu AT — npusoga TM
TIPX PETYIMPOBAHKHM 110 3aKoHy [, = [, = const

pucyHOK 2), mis paccmarpuaemoro AJI/III-mpuBoma
TM momuocTsio 200 KBT Takoi pekuM UMEeT MecTo
mpu s < 0,11. DTo COOTBETCTBYET PETryIMPOBAHUIO O~
Ja4u Hacoca B npenenax O* <0,913Q .

Crenyer OTMETUTb, YTO aKTUBHASI MOIITHOCTD CTa-
Topa P, onpexensercs HarpysKoil purarelns W 4a-
CTOTOH BpAIlEHHs POTOPA, a PEAKTHBHAS MOIIHOCTDH
0, ,,; 3aBUCHUT OT HCIIONB3YEMOTO 3aKOHA PEryIHpoOBa-
Hus. AKTHBHas Mommuocts P, wHa Bxone HITY, 3a
BBIYETOM TOTEPh, COOTBETCTBYET AKTHBHOW MOIIHO-
cru ckonbxkenust P, AJIJITI, a peaktuBHas MONIIHOCTh
Q1 HITY 3aBUCHT OT BETMYMHBI M YaCTOThI HATIPS-
JKEHHS POTOpa, a Takke OT K03 (UITeHTa MOITHOCTH
POTOPHOM LIETIH.
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