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PE®EPAT
kBasi(ikariitHoi po6otu "MopepHizaiisi €IeKTPONPUBOa YCTAHOBKH JIJIs
OUHUIIEHHSI 000OPOTHOI BOJM B 3aMKHEHOMY LHUKJI HaQTOepepoOHUX 3aBOI1 "

Po6ora mictute 68 cTOpiHOK, 26 pHUCYHKIB, 3 Tabiuui, 15 BUKOpHCTaHHUX
JUKEped JIITepaTypHu.

KitouoBi ciioBa: 3HecoNIOBajibHA YCTAaHOBKA, HACOC, EJIEKTPOIBUTYH,
pEryIIOBaHHS MIBUAKOCTI, YaCTOTHHUI MEPETBOPIOBAY.

Meroto nanoi kBanmidikaiiiiHoi poOOTH € MOJEpHI3allisd eJIEeKTPONPUBOIA
HACOCHOTO  arperary  eJeKTPO3HECOJNIOBAHOI  YCTAaHOBKH, SIK  OAHIET 3
HalleHeproeMHICHUX JIAHOK 11i€i ycTaHOBKU. B po6oTi BUOpaHuii OB CydacHUN
CJIEKTPOJBUTYH Ta po3poOjieHa HOBa OUIbII HajdliiHa Ta e(peKTUBHA CHUCTEMa
KEepYBaHHs €JIEKTPONPUBOAOM Ha 0a3l mepeTBoproBaya dYacToTH. l[IpoBenene
JOCTIPKEHHST pOOOTH €JIEKTPONIPUBO/Ia B CTATUYHOMY Ta JHHAMIYHOMY PEKHUMaX,
noOy10BaHi Ta MpoaHali3oBaHi1 rpadiku 3MIHU HAUOUIBII BaXXIMBUX MMapaMeTPiB.
Po3paxyHOK €HEpreTMYHHMX MapaMeTpiB CHUCTEMH TIOKa3aB JIOUUIBHICTh i
BITPOBAJ[)KCHHSI.

ABSTRACT

Qualification work "Modernization of the electric drive of the installation for
purification water in the closed cycle of oil refineries"

The work contains 68 pages, 26 figures, 3 tables, 15 sources of literature used.

Keywords: fastener, pump, electric motor, speed adjustment, frequency
converter.

The purpose of this qualification work is to modernize the electric drive of the
pumping unit of the electric installation as one of the most energy -intensifying
units of this installation. A more modern motor has been selected in the work and a
new more reliable and efficient electrical drive control system was developed
based on the frequency converter. The study of the operation of the electric drive in
static and dynamic modes, the schedules of changes in the most important
parameters were constructed and analyzed. The calculation of the energy

parameters of the system showed the feasibility of its implementation.
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BCTYII

B Ham yac B ymMoBax MIBHUIKOTO PO3BUTKY HAYKOBO-TEXHIYHOT'O MPOTPECY
ICTOTHOTO 3HAa4eHHsI Ha0yBa€ aBTOMAaTU30BaHUU €JIEKTPONPHUBOJ, IO € TOJIOBHUM
€JIEMEHTOM EHEpPreTUYHOI OCHOBM MEXaHI3allli i aBTOMAaTHU3alli pI3HUX raity3ei
IIPOMHUCIIOBOCTI.

VYci cydacHi BUPOOHMYM MEXaHI3MH NMPUBOJATHCA B IO 33 JIOMOMOTOKO
aBTOMATHU30BAHOTO €JIEKTPONPUBOAY 1 TOJOBHUM E€JIEMEHTOM IS MEePETBOPEHHS
CJIEKTPUYHOI €HEprii B MEXaHIYHYy  SIBISETHCA EJIEKTPOJABUTYH. YTIPaBIIHHS
JIBUTYHOM 3J1MCHIOETHCA TEPETBOPIOBATBHUMH 1 KEPYIOUMMH MPHUCTPOSIMH, 32
JIOTIOMOTOI0  SIKUX MO’KHa (opmMyBaTH TMOTPIOHI CTaTUYHI Ta JUHUMIYHI
XapaKTePUCTUKU MPUBO/TY.

VYcnixu B 0071aCT1 CUIIOBOI HAMIBIIPOBITHUKOBOI TEXHIKH, MIKPOEJIEKTPOHIKH,
CUCTEM AaBTOMAaTUYHOI'O KEpyBaHHS CTBOPIOIOTh HEOOXIIHI TEpeayMOBH MJis
BJIOCKOHAJIIOBAHHSI Cy4aCHOTO EJIEKTPONPHUBOAA W 3HAYHOTO PO3IIUPEHHS HOTO
(GYHKIIIOHATPHUX 1 TEXHIYHUX MOXKIMBOCTEH, MIO0 JO3BOJIAE€ HANOUIBII TOBHO
3aIOBUTBHUTH BC1 TEXHOJIOT1YHI BHMOTH, IO YCKJIAJIHIOIOTHCA, 1 3a0e3MeunTd
edekTuBHY poOOTY BUPOOHUYMX MAIIIMH 1 arperaris.

Binomo, 1o enekTponpuBOAM HACOCIB 3HECOIIOBAJIBHUX YCTAaHOBOK, SIKI
BXOJIATh B CKJIaJ 00iaiHaHHs HadTOnepepoOHUX 3aBOIIB JIJIsl OYUIIICHHS BOJM BiJl
3aJUIIKIB HA(TOMPOAYKTIB, 3HAUHO 3HOIICHI, @ BUKOPHCTAHHSA CTapHX THIIIB
JBUTYHIB €  HU3bKOC(PEKTUBHUMHU.  TOMy  BHUKOPUCTAHHA  CY4acCHHX
CJIICKTPOIIPUBOAIB 11 HAIIMHOI pOOOTH HACOCIB 3HECOJIOBATBHUX YCTAHOBOK €
JIOCUTH AKTYAJIbHOIO TEMOIO.

Metoro podoTn € MOJIepHI3aIlis €JIEKTPONPUBOAA  HACOCY
€JICKTPO3HECOJIIOBAHOI YCTAHOBKH, SIK OJIHI€T 3 HAWEHEPrOEMHICHUX JIAHOK IIi€l
yctaHoBKU. lle mpu3Bene 10 €KOHOMII €NeKTpOEHEprii, MiJBUIEHHS HaIIMHOCTI
CHUCTEMH Ta BUKJIFOUEHHS MPOCTOIB B 1i poOoTi. i 11boro moTpibHO 00patu OiIbII
CydyaCHHUH JBUTYH Ta PO3POOUTH HOBY OUIbII HaAIMHY Ta €(EKTHBHY CHUCTEMY

KCPYBaHHA CICKTPOIIPUBOAOM HACOCa 3HECOIIOBAJIbHOT YCTAaHOBKH.



1 TEXHOJIOT'TYHA YACTHUHA
1.1 Onuc TeXHOJOTriYHOTO NPOLeCy BUNMAPIOBaHHSA CTOKIB

Hadronepepobnuit 3aBox (HII3) mae 3aMkHyTuHii, 0€3MOBOPOTHUMN MK
Bogoobopory. B ckimami  HII3 noBuHeH OyTH KOMIUIEC OYHMCHHX CIIOPY/,
MPU3HAYEHHSIM AKUX € MIITPUMKa SKOCTI 000pOTHOI Boau. MeTa 1uxX CHopyn -
OUHMIICHHS BOJM BiJ MEXaHIYHUX JOMIIIOK, 3aJUIIKIB Ha(TOMPOAYKTIB Ta
3HIKEHHS 1i coneBMicty [1]. g nporo B komiuiekel HII3 OynyroTbest ycTaHOBKH
JUIL TEPMIYHOI OOpOOKM Ta BHJAJEHHS OC3MOBOPOTHUX CTIYHUX BOJ, SIKi
HasuBaloTh crtokamu EJIOY (mo 3MeHmye 3a0pyaHEHHS OTOYYIOUOTO
CepeIoBHIIA).

B TexHojOriyHUI TMpollec BUIAPIOBaHHS CTOKIB BXOJSTh TakKi OCHOBHI
omnepari:

— nmornepeaHe HarpiBanHa cTokiB EJIOY;

— 1HTEHCHBHUM HArpiB TETUIOHOCIS B CIICLIAJIbHIN Teui;

— BUIIAPIOBAHHS CTOKIB 1 BUB1JI TYCTHUX 3aJIMIIKIB 3 YCTAHOBKH.

SIK10 HarpiBaTH COJIOHY BOJY J0 TEMIIEpAaTypH ii KUMIHHS, TO B Hil OyAyTh
BUJIIJISITUCS TTapU BOJM, SIK1 IIPU OXOJIOJKEHH] IEPETBOPIOIOTHCS Ha MPICHY BOAY, a
MEXaHI4H1 JIOMIIIKH 1 coli OylyTh KOHJICHCYBATHUCS B 3aJTUIIKAX PO3COIY.

BumnaproBanns crokiB EJIOY 3aiiicHIOIOTH TIO CKJIa/HINi 6araTocTymiHYaCTii
cxemi [1]. Lls cxema mpeacTaBieHa Ha pucyHky 1.1.

TennorexHiuHa CyTh a/1a0aTUBHOTO 3aKUIIAHHS 3BOJMUTHLCS J10 HACTYIHOTO:
CTOKM (COJIOHa BOJA) TiJ THUCKOM HArpiBalOThCS B  PErCHEPATHBHUX
TEII000MIHHUKAX 1 B TertooOMinHukax 1T-9/1-4 no 3amanoi Temneparypu, micis
YOro HaJIXOATh HA MEPIIHHA 1Madenas BUMapy, TOOTO B MEPIIMA BUIAPHUK, JE 32
PaxyHOK 3HMKEHHS THCKY MUTT€EBO 3aKUITAl0Th, B1/IJIal0UM YaCTUHY CBOTO TEIUIa Yy
BUTJIAJI TIapiB, SKI WIyTh Y BIANOBITHHUI, Ha JaHOMY IIabeni, pereHepaTUBHUN
TEIUIOOOMIHHUK, JI€ BIJJAal0OYM TEIJIO0 OUIbII XOJIOJHOMY TOTOKY CTOKIB

KOHIACHCYIOTBLCA.
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Pucynok 1.1 — Cxema TE€XHOJIOTTYHOTO MPOIIECY OUYMIIEHHS CTOKIB



[upkynrorounii Cik, SIKMM 3aKUIIB y BUMAPHUKY, IO CTaB OUIBII COJOHHUM
Bil BTpAaTH TapH, IEPEMyCKAEThCS B HACTYIHWW BHUIIAPHUK, JI€ 3a PaXyHOK
3HIDKCHHSI TUCKY, 3HOBY MHUTTEBO 3aKHUIIA€, BIJJAIOYM HACTYIHY YaCTUHY CBOTO
TeIUia y BUTJISIL MapiB.

[lepma TexHOJOTIYHA JIIHIS YCTAHOBKH Ma€ BICIM pEreHepaTWBHHUX I1a0JIiB
BUIAPIB B OJUH HepereHepatuBHuil madens M-O, ToOTO BCi BiciM BUIIAPHUKIB
MarTh BIJMOBIJHI KOHAEHCATOPU IMapH, L0 BUXOJWUTHh Yy BHUIIAPHUKAX MpU
MUTTEBOMY CKHUIIaHHI, a BunapHuk M-O He Mae CBOro KOHJEHCATOpa, TaK SK JJIs
yTHIi3amii Teria B HbOMY NOTpiOHa Oyna © HEBUIPaBIAaHO 30pOBA MOBEPXHS
TEIUIO0OMIHHUKA, TOMY LIeH a0eNb € HE PEreHepaTUBHUM.

HeratuBHuii BIUIMB Ha MpolEC POOUTH HASIBHICTH Y CTOKaX PO3YMHEHOIO
noBiTps (ra3zy). 3 MIABUUICHHSAM TEMIEPATypd B NPOLEC] YMAPIOBaHHS
BIIOYBA€ThCS Jieapallisi pPO3YMHEHUX Ta3iB. BuauIIOYUCh 13 HUPKYIIOI0YOTO
pPO34YMHY, BOHU HAKOMUYYIOThCSl B per€HEPaTUBHUX TEINIOOOMIHHHUKAX, OJIOKYIOUU
MOBEPXHIO TETIOOOMIHY.

PosristHeMo OUTbI MOPOOHO BUIIEONMKUCAH] TEXHOJIOTTUHI OTepartii.

1) ITiaroToBka it monepenniii HarpiB cTokiB EJIOY.

3Mm'skmreHi cToku, micas QuotaTopiB ctokiB EJIOY, macocamm HacocHOI
CTaHI[li TPOMHUCTIOBUX CTOKIB OYMCHHUX CIOPY/KE€Hb IMOJAIOTHCS HA YCTAaHOBKY B
emHIicTh E-8, 110 mpusHayena nms 300py ¥ 104aTKOBOTO BiJICTOIO TaHUX CTOKIB. 3a
HEOOX1THOCTI, 3M'SKIIIEHI CTOKM MOXKHa ToJaTh B eMHICTh E-1 Ge3mocepenHpo,
MHHAIO4YM OJOK miAroToBKH 1 e€MHICTh E-2. Crokm, mo 3amummimcs, 3 E-8
Hacocamu H-9/1,2,3 momarotbest B E-1, mpoiimoBmuy monepesHso Mpu  I[bOMY
TpyOHHMI mpocTip Temnooominauka T-11, ne HarpiBarotses 10 50 °C 3a paxyHok
TEeIUTa KOHAeHcaTopa micis cenapatopis 3-1/1,2.

2) IHTeHCcHBHE HarpiBaHHs TEIUIOHOCIS B €Y.

Croku EJIOY, mnomepeanso Harpiti g0 temmeparypu 125 °C vy
pereHepaTUBHUX TEIJIOOOMIHHUKAX, HAJAXOJATh Ha JIOJAaTKOBE HarpiBaHHS B

temnoobominauku T-9/ 1-4 | ne norpiBaroThes 10 temmeparypu 136 °C.
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Croxku EJIOY nBoma mnapajienbHUMU MOTOKAaMH TPOXOIATH 4Yepe3 TPYIy
TeruiooOMiHHUKIB T-9/1-4 1 HarpiBaroThCs 3a paxyHOK TeTlia TETUIOHOCI (Taps4oi
BOJIM), 1[0 LUPKYJIIOE TI0 3aMKHYTOMY HUPKYJISIIHHOMY KOHTYPY:

miv [1-1/1 2 — TemmooOmiaauk T-9/ 1-4 - macoc H-14/12.

Harpiti B TtemmooOMinnukax T-9/1-4  cToku uyepe3 peryjiasiTop THCKY
NoNepeIHbO HAAXOAATh Y BUunapHuku M-8 — V-1 na BunaproBaHHs.

Pobora  mMpKYyJISUIKHOrO  KOHTYpPY Uil  HarpiBaHHSA  TEIJIOHOCIA
3MIMCHIOETBCS B TaKWW CMOCIO: CMOYATKy 3a3HAYCHUM IUPKYJIAMINHUNA KOHTYP
3aIIOBHIOETHCS BOJIOIO 3 JIiHII TpomMTerutodikarlii 3aBOACBKHX Mepex. Boma
Hacocamu H-14/12 nmomaetbcs Ha HarpiBanHs B mid [1-1/1,2, me HarpiBaroThcs 10
temneparypu 151°C. HarpiBanus Boau B Iedi 3iMCHIOETHCS 3@ PaXyHOK TeILIa
NAJIUBHOTO Ta3y, IO CIIATFOETHCS.

["oprounii ra3 yepes perysiasTop BUTPAT M PEryisiTOp TUCKY MOAAETHCS B MiU
[1-1/1,2 nnsa cnamoBanHsA. [lid 1 HarpiBaHHS TEIUIOHOCIS SBJIIIE COOOIO
BEPTUKAIIbHUMN anapar, sIkuii 001aiHaHu# 3a1I001KHUMH KJIallaHaMU.

Harpituii Teruonociii (Boma) mo Ttemneparypu 151°C i3 meui aBoma
MOTOKaMU HaJIXOAUTh Y MEXTPYOHUiT mpocTip Temnooominuukis T-9/1 2, ne uepes
CTIHKM TPpyOHOTO My4Ka BiJiJa€ CBOE TEIJIO CTOKAM.

Teronociit 3 TerooOMiHHUKIB T-9/1 2 HaaxoauTh y TEMIOOOMIHHUKU T-
9/3,4, ne TakoX HArpiBae IMUPKYIIOIOYl TaM CTOKH.

Tenmonoci# 3 TemooOMiHHKKIB T-9/3 4 HaAXOAUTh HA BX1J HUPKYJISIIHHUX
HacociB H-14/1,, skumu 3HOBY HampaBis€ThCS B MY Ha JOTpiBaHHA. Y Takui
croci0 3AIMCHIOEThCS HArpiBaHHSA B TI€Yl TEIUIOHOCIS IUPKYJIIOIUOTO IO
3aMKHYTOMY KOHTYpy. Tuck Ha Buxomi HacociB H-14/1,2 y uupkynsiiiiHomMy
KOHTYpi MIATPUMYETHCS B MeEKax 7,5 Kr/CM?, a Ha BXOHI IMX HACOCIB IIpH
temneparypi 132°C — y mexkax 3,4 xkr/cm?.

Ha Buxomi 31 3MmiiioBuka medeit [1-1/1,2 ycraHoBiIeHI 1O 1Ba 3amoO0IKHUX
KJIallaHa, IPU3HAYEHUX JUUIS 3aXUCTY BiJ MEPEBHILEHHS TUCKY B Medl i y KOPITyCl

terooominauka T-9/ 1-4.
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Tuck BoAM B LHMPKYJIALIMHOMY KOHTYP1 KOHTPOJIFOETHCS MAaHOMETpPaMHU, 1110
yCTaHOBJICHI Ha JIHIT MOBEpHEHHs BOU Ha Bxoi HacociB H-14/1 .

3) BunaproBaHHs CTOKIB.

Buxiani croku 3 temmeparyporo 100°C i3 emuocti E-1 mupkynsitHumm
Hacocamu H-1/1,2 HanmpaBifroThCsl JBOMA OTOKAaMU HA HarpiBaHHs IOCIIJIOBHO B
teriooominuuku T-1/1,2 — T-8/1,2 BumapHoro kackaiy, pH I[bOMY HarpiBatOuuch
1o temneparypu 136 °C. Harpisauus cTokiB y Temooominaukax T-1/1,2 — T-8/1,2
BIIOYBA€THCS 3a PaXyHOK PEreHEepaTUBHOIO TEIIa Mapy BTOPUHHOIO 3aKUIIaHHS 3
BunapaukiB M-1 — U-8 BiamoBigHuX m1a0aiB BUMapy.

OnauH MOTIK MPOXOIUTH Yepe3 TpyOHHil mpoctip TeruiooOMinHukiB T-1/1,2 —
T-8/1,2, ne wHarpiBaerbcs mo Temmeparypu 136 °C 3a paxyHOK Teluia Iapu
BTOPMHHOT'O CKUNIaHHs BunapHukiB -1 — 1-8.

[Ticnst bOro OJWH MOTIK HANPAaBIAETHCS B MPOCTIp TeruiooOMiHHMKA T-
9/3.,4, ne HarpiBaeTbes 10 Temieparypu 136 °C, 3a paxyHOK TeIlIa TEIIOHOCIS, 10
HAIXOJIUTH 13 MDKTPYOHOTO IIpOCTOpyY TeruiooOMiHHUKIB T-9/1,2.

Jami cTokd HaAXoAsATh B mpocTip TerooominuukiB  T-9/1,2, ne
HarpiBaroTecst 10 Temmeparypu 151°C 3a paxyHOK Teruia TEIUIOHOCIS, IO
HAJXOJUTh Y MEXKTPYOHHH TPOCTIp AaHOTO TEIIOOOMIHHMKA MICHSI HarpiBaHHS
moro B neuax 11-1/1,2.

Harpiti B temmooominaukax T-9/12 no temmeparypu 136 °C croku uepes
PEryJATOPU TUCKY HAIXOJATh MOCTIA0OBHO Y BUnapHuk M-8.

VY Bunapuukax U-8 — -0 BinOyBaeThca aiabaTuyHe BUIAPOBYBAHHS CTOKIB
32 paxyHOK PI3HUII THUCKIB 1 TEMIEPATYP Y BUNAPHHUKAX 1 CTOKAX, 110 HAIXOIATh Y
HUX Ha ymapky. IIpm domy Temieparypa CTOKIB, IO BXOJSATb y KOXXHUH 3
BunapHukiB Ha 5°C BHIIe TeMIlepaTypH KUIIHHS B JaHUX BUITAPHHUKAX.

Croku mpoxonsaTe BumapHuil kackan Bin M-8 mo U-1, ne temmeparypa
CTOKIB y KOXXHOMY HACTYITHOMY BHIIAPHUKY 3HIKYEThCS Ha 5°C, OJNOKYIOUYHCH
npu oMy Big 136 °C mo 105 °C. Ilap, 1m0 BUIIAETBCS TIPH IIBOMY 3i CTOKIB, 3

BUMAPHUKIB HAIXOJUTh Yy BIANOBIJHI TEIUIOOOMIHHMKHA JIJI1  HarpiBaHHs
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UPKYJIOIOYUX Y HUX CTOKIB. Y BHUITAPEHUX CTOKAX BiJ] BUMAPHMKA JI0 BUMIAPHHUKA
30UIBIIYETHCS KOHIEHTPALIIsl COJICH.

Hani ctoku 3 Bunapuuka -1 vanxonars y Bunapuuk U-0, ne BinOyBaeThCs
ix momaTtkoBe BumapioBaHHA. [lapa, 1o 3KOHACHCYBasacs, 3 TEMI00OMIHHUKIB T-
1/1,2 — T-8/1,2 nagxoxsats y cenapatopu 3-1/1,2. Ilicns cemapaTopiB mapoBuit
KOHJIEHCAT YacTKOBO HAAXOAUTh Yy TOBITpsiHI XonoauibHukun XB-15/1,2 Ha
OXOJIO/DKEHHS, a 4acTKOBO B TermmooOMinuuk T-11, ne ocrymuBmuce mo 70°C
HAJXOIUTh Y eMHICTh E-2 myst 360py koHaeHcaty. Oxonomkenuil y XB-15/1,2 no
90 °C xoHIeHCaT HAAXOANUTh Y EMHICTD E-2.

Y BumaAKy TNPUIAHCHHS TMOJa4l CTOKIB HAa YCTAHOBKY 3 OYHMCHHX
CIOPY/KEHb JIJIT  PO3ITPIBY CHUCTEMHM TMPU BHUXOJ1 YCTAaHOBKM Ha PEXKUM
nependayveHa JiHis MoAadl KOHACHCATy 3 BUXOMiB HacociB H-2/1,2 y cnemianbHy
emHicTh E-E. Tlo miit ke miHIi KOHACHCAT BepTaEThCs Ha mepepooky B E-1, skino
HOT0 SIKICTh HE BI/IMOB1/Ia€ HOPMaM TEXHOJIOTTYHOTO PEKUMY.

[lapoBuil KOHJEHcaT, IO YTBOPUTbCS B emHOCTI E-1 Hagxomuth Ha
OXOJIOJDKEHHSI B TOBITpsiHI XojoauinbHuku XB-19/1,2. Ilapa 3 Bumapuuka M-0
MO/TAE€THCS B amapaT IMOBITPSHOTO OXOJOMKeHHS XB-15/1,2 Ha 0XOI0/KEHHS.
Bunapeni ctoku 3 Bunapuuka -0 30upatotecsa B E-1, ne 3MilIytoThes 31 CBIXKUMU
CTOKaMH, 1 UUpKysamidHumMu Hacocamu H-1/1,2  3HOB HAJXOJsTh B
teriooominauku T-1/1,2 — T-8/1,2 nns HarpiBaHHS.

JI1st mMATPUMKY MOCTIMHOT ¥ MPUITYCTUMOI KOHIEHTpAIIl COoJie y cuctemi
CXeMOI0 nepedaueHa Oe3nepepBHa MpoIyBKa CoJiel Mo CTOKAX :

termooominauku T-1/1,2 — T-8/1,2 — Termnooominauk T-9/1,2 — BunapHUKH
N-8 — 0 — emuicts E-1 — nacocu H-1/1,2.

[TpomyBKka 3MIMCHIOETHCS Pa3oM 3 HAHOUIBII KOHIIEHTPOBAHMMH CTOKAMH, a
came 3 Bunapauka M-0. Ii croku (rycrta pona) 3 Bunapuuka N-0 BUkadyroThCs 3a

YCTAHOBKY Y CIEIialIbHO BIJIBE/ICHE MICIIE.



13

1.2 XapakTepuCTHKAa OCHOBHOIO 00JIAJHAHHA TEXHOJOTiYHOT0 HUKJY

B ckiani maHoi yCTaHOBKM BUKOPUCTOBYETHCS PI3HOIJIAHOBE OOJIaIHAHHS.
Crogu BXOASTh HACOCH, BHUIIAPHUKH, TEIJIOOOMIHHMKH, Tieul W IOBITPSHI
XOJNOIMIIBHUKY [2].

Hacocu mnpusnaudeni jisi mepemillieHHS piIWH 1 HajgaHHSA iM eHeprii. Y
JIAHOMY BHMAJKy B YCTaHOBII 3aCTOCOBYIOTHCSI BiJLIEHTPOBI HACOCH. IX BeuKe
MOIIUPEHHS MOACHIOETHCS JOCUTh BUCOKMM KKJI, KOMIMAKTHICTIO i  3pY4YHICTIO
KOMOIHYBaHHS 13 MpUBOIHUMH enekTpoaBurynamu (EJI).

BuxopucroByetbcst  Hacoc  tumy  10HKVY-7-2 - BigueHTpoBwuid,
TOPU30HTAJBLHUMN, CHIPAIILHOTO THUITY, IBOCTYIIHYACTHH. [3 NBUTYHOM 3'€IHY€THCA
3a IOMOMOT'0I0 TIPYKHOT BTYJIOUHO-TIAIBIIEBOT My(PTH

Texniuna xapakrepuctrka Hacoca 10HKY- 7-2 (mmdp 3a cxemoro H-14/1,2)

[TapameTpu Hacoca:

[IpoiyKTUBHICTh Q=500 m3/rox
Harmip H=75wm
[IBuakicTh 0O€pTaHHS n=1500 00/xB
KK]I n=0.64
Jst NpUBEJEHHS B [0 Hacoca paninie OyB BCTaHOBJICHUU

€NEeKTpOABUTYH Tuiry A-315 S2-4VY3

[Tapamerpu E/I:

[ToTy>XHiCTb P=160 kBt
IBuaKkicTs 0OEepTaHHS n=1500 06/xB
Hamnpyra xuBnenus U=380B

B TexHoNMOTiYHOMY UMKl TPUCYTHI TaKOX 1 I1HII THUIM HACOCIB, SKi
MO3HAYEHI HA CXEMi TEeXHOJIOTIYHOTO MPOIIECy BIAMOBITHUME mudpamu (TabiuIs

1.1).
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Tabmuusg 1.1 — XapakTepuCTUKH HACOCHOTO YCTaTKyBaHHS

No Mapka Hacoca | I[Hudp |I[lomaua | Bucora | Iloryxknicte | IBuIKIiCTH
3/n 3a Q, Haropy EJl nacoca | obGepranHs
cxeMow | M>/rox H, M P, kBt n, 00/xB
1 CE1250/140 H-1/1,2 | 1250 140 630 1500
2 X0O-90185EC] | H-2/1,2 |90 85 55 3000
3 J1-200/90 H-3/1,2 | 100 22 37 1500
4 X280/7, I-CL| H-9/1,2 | 280 72 100 1500
5 J- 320-50 H-14/1,2 | 320 50 75 1450

Bumapauky mpusHadeHi sl BUMAPOBYBAHHS CTOKIB, Y HUX BiIOyBaeThCs
aniabaTUYHE CKUIAHHS CTOKIB 3a PaxyHOK pI3HMII THUCKIB 1 TeMmmeparyp y
BUIIAPHMKAX 1 B pe3epByapax, 10 HAAXOAATh OO HMX Ha ymapky. llpu yomy
TeMIeparypa CTOKIB, IO HAAXOAATh HA KOKHUM BUmapHuk, Ha 5 °C Bwumie
TEeMIIepaTypy KUITIHHS B JIaHUX BUIAPHUKAX. Y TEIJIOOOMIHHUKAaX BiIOYBa€ThCS
HarpiBaHHs CTOKIB 32 PaXyHOK TEIUIa Mapy BTOPUHHOI'O CKUIIAHHS BUIIAPHUKA.

[leul - mpu3HaveHi s HarpiBaHHS MPOIYKTY (TEIUIOHOCIS) 3a paxyHOK
CHAJIIOBaHHs FOPIOYOTro razy B paJiaHTHUX KaMepax.

[ToBiTpsiHi  xomoawnbHUKM (XB) — nmnpus3HaueHi s KOHJEHcalli
(OXONO/KEHHSI)  MapiB, fAKI HE CKOHJAEHCYBAIHCS B  PEreHEpaTUBHUX

TEII000OMIHHUKAX.

1.3 Po3paxyHOK NOTYKHOCTI IBUTYHA HACOCHOI YCTAHOBKH

Bubip enexkrpoaBuryHa mae BeJIMKE €KOHOMIUYHE 3HAYCHHS, TOMY IO BiJ
NpaBWIBHOCTI HOro BHOOpPY 3ajiexaTh MPOJYKTUBHICTH pPOOOUYOi MAaIlMHHU,
CHepreTUYH1 TOKa3HUKU W Ha/IIiHICTh POOOTH BCHOTO €IEKTPOTIPUBO/IA.

[Tepmioro ymoBoro BuOopy EJ[ € BIAMOBIAHICTE MiXK HOro MOTYXKHICTIO I
MOTYXHICTIO pobouyoi MamwmHu (B JaHoMy Bumajaky Hacoca). s EII
MIPOMUCIIOBUX YCTaHOBOK BapTO BHOMpATH HANOUIBII MPOCTHI MO KOHCTPYKINT U

KEpyBaHHIO JBUTYH, HaJIMHUN B eKCIUTyaTallli Ta SKAA Ma€ BHCOKI TEXHIKO-
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C€KOHOMIYHI Moka3HUKU. PazoM 3 Tum EJ| NMOBUHEH MOBHICTIO 3a/I0BOJIbHATH
BUMOTaM T€XHOJIOTTYHOIO MPOIIECY.

Haitbinpmr  JOIIIBHUMHM MO0 ILOTO € AaCHHXPOHHI JBUTYHH 3
KOPOTKO3aMKHEHHM poTOopoM. J[oBouii mpocTo BUKOHYyeThes Bubip EJl, mo mpatttoe
B TPUBAJIIOMY PEXKHMI 3 MOCTIHHUM HaBaHTaXEHHsAM. Takuil pexxum poOOTH 1 €
XapaKTePHUM JJIsl €JIEKTPOIIPUBOAY HACOCIB 3HECOJIIOBAHOI YCTAHOBKHU.

[ToTyXHiCTh Ha BaJly ABHUTYHAa Hacoca MOXXHA pPO3paxyBaTH 3a BiJIOMOIO

dbopmyIioro:

p:M.10—3.K3 (1.1)
.My,

ne Q —mnoxaua Hacoca, M>/rox, maemo Q=500 Mm3/rox;

H — cymapnuit namnip, maemo 75wm;

£ — IIBHICTD PIAWHM, IO TEPEKady€eThCs, MaeMoO p =935 kr/m>;

g = 9,81 M/c? — IPUCKOPEHHS BiILHOIO MMaiHHS;

n,, — KKJ] nacoca (ans HacociB 3 Tuckom nonan 40 xlla 7, =0,6-0,8);

n, — KK/l nepenaui (npuiimaemo 7, =1);

Kz — koedimient 3amacy, mo BpaxoBye (opMyid, sKIi HE MiIAraloTh
pospaxynky (mis EJ] motyxHicTio monaa 150 kBt 3a3Buuaii npuiimatots Ks=1,1).

[TizcraBmnsitoui BXiJIHI JJaH1, OTPUMYEMO BEIIMYUHY MOTY>KHOCTI

P—500.75'935.9’81-
3600-0,64 -1

107 -1,1=160 xBr.

1.4 Ornsn cuctemMu peryiarOBaHHS €IEKTPONPUBOIA

VY naHuii yac B yCTaHOBIII 3HECOIIOBAHHS, 1110 PO3IJISIAAETHCS B 1aH1H poOOTI,
3/1e01IBIIIOT0 BUKOPHUCTOBYIOTh pyYHE a00 HAWIIPOCTIIIE aBTOMAaTUYHE KEPYyBaHHS
TEXHOJIOTIYHUM TIpoIiecoM, 0OJaHaHHS 3acTapijie 1 moTpedye mMaixe MOCTIHHOTO
TEXHIYHOTO 0OCITyTOBYBaHHS.

Haii6i1p11 BaXJIMBUMU TUISTHKAMU MPOIIECIB, 10 BiIOYBAIOTHCS Y BUMAPHIii

YCTaHOBI[l, € BUIAPHUI KOHTYp 1 KOHTyp meui. IlapameTpamu perymtoBaHHS
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BUIIAPHOT'O KOHTYPY € THUCK, BUTpaTa Ta CTOKOBA TEMIIEpaTypa, Bl SKOi 3aJ1€KUTh
KUIBKICTh IApH, YTBOPEHOI B PE3YJIbTAaTl BUTAPOBYBAHHS CTIYHUX BOJ [2].

Jist  AKICHOTO XOAYy TEXHOJOTIYHOTO PpEXUMY HEOOXIIHO TMOCTIMHO
KOHTPOJIIOBaTH TEMIIEpaTypy LHMPKYJSUIMHUX CTOKIB, IpU I[bOMY Tpeda
HNIATPUMYBATH Ha 3aJ]aHOMY PIBHI THUCK TEIUIOHOCIS (BOAM) Y TPYOHOMY KOHTYPI.
JUis 1pOro HEOOXIHO PETryJIOBaTH IIBHUJKICTb IPUBOJHOIO €JIEKTPOJIBUTYHA
Hacoca.

HaiiGinpm BioMuM Ta €dEKTUBHUM 3 CYYaCHHX METOJIB PETyJIOBAHHS
IIBUIKOCTI AaCHHXPOHHHUX JIBUTYHIB 3 KOPOTKO3aMKHEHUM poTopoM (AJl 13 K3-
pPOTOPOM), € PEryJIfOBaHHS MIBUAKOCTI 3MIHOK YacTOTH >KUBJSYOI HAmpyru [S].
[Ipu Takomy peryitoBaHHI KOB3aHHS MalllMHU HE3aJE€KHO BiJ Jlana3oHy
pEeryaoBaHHs HIATPUMYETHCS MOPIBHAHO MaluM, BTpaTH y IBUTYHI OyAyTb
Heenuki, ToMmy KKJ[ cucremu nocratHpo BUCOKHMIL. BpaxoByroun BHIlleonMcaHe,
JUIS. TIATPUMKH 33JJaHOTO TUCKY TEIJIOHOCIS 3YMUHSAEMOCS Ha YaCTOTHOMY METO/I1
PETYIIOBaHHS IMIBUIKOCTI IBUTYHA.

Buznaunmo He0OX1IHHI /11aria30H PeryItOBaHHS:

2
H (o

= 1.2
H, | o, (1.2)

(1.3)

2
3415007 16034 o6/xs

2
TakuM YMHOM Ma€eMO J1ialia30H PeryJItOBaHHS:

o, 1500
o, 10034

1,5:1. (1.4)

be3niu cucteM eneKTpoNpuBOAa MOKAa3ye MOMXKIUBICTE €()EKTUBHOIO

PCTYIIOBAaHHA KYTOBOI HIBI/IIIKOCTi u HpOI[YKTI/IBHOCTi Hacoca. OI[HaK PO3BHUTOK
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CWJIOBOI €JIEMEHTHOI 0a3u Ui MepeTBOPIOBAaUIB YaCTOTH — CUJIOBUX TPaH3UCTOPIB,
Ja€ MOXJIMBICTH peanizamii cuctem perynpboBaHoro EIl Ha 0a3i cyuacHux
NEPETBOPIOBAYIB YAaCTOTH.

OCHOBHMMHM TTOKa3HHKaMH POOOTH HACOCIB € Tojava, Hamip i KOeiIieHT
KOPHUCHOI JIli MPH ONTUMAIILHUX PEKUMaxX poooTH [3].

Jedinut enekTpoeHeprii 1 ii BUCOKA BapTICTh CIPUUYUHSIOTH HEOOX1THICTh
IPOBEJICHHS PEXHUMY €KOHOMII W HOpPMyBaHHA HpH poOoTi HacociB. OiiHka
poOOTH yCTaTKyBaHHS BHKOHYETbCS Ha TMIACTaBl JIaHUX TMPO CIIOXKUBAHHS
€JICKTPOEHEPTIl 1 BIIOMOCTEH MPO OOCATH CTOKIB, 110 MEPEKAYYIOThCA 32 MEBHUMN
nepiog. Y TakuMX yMOBax JOIJIbHE 3acTocyBaHHs peryiboBaHoro EII, 1o
JI03BOJISI€ 3HI)KYBATH MPOAYKTUBHICTh Hacoca /10 MOTPIOHUX BEIMYMH O€3 3aiBUX
BTpaT MOTYXHOCTI. TakuM 4YHMHOM, MOXHA 3pOOUTHM BHUCHOBOK, IO OUIBII
e¢eKTUBHUM 1 €KOHOMIYHUM METOJOM € PEryJIOBaHHS MOJayl PIIUHUA 3MIHOIO
4acToTH 00epTaHHs poOOYOro Kojieca Hacoca.

Ha pucynky 1.2 noka3aHe MOJOKE€HHS HalllpHUX XapaKTEpUCTUK Hacoca U
TpyOONPOBOy BIAMOBIAHO MPHU YacToTax oOepTaHHs Kojeca n; > np. Tomy 110
3arajJpbHUM Omip TPYOOTPOBOAY HE MIHSIETHCS 1 MOJOKECHHS HOTO XapaKTEPUCTHKU
Oyzae HEe3MIHHUM MPH 3MEHIIEHHI 4acTOTH OOepTaHHA poOOYOro Kojeca, TOUYKa
poboyoro pexumy «A» Oyne mepemimarucs mno xapakrepuctuii Q-H mepexi,
nojava i Hamip Hacoca OyyTh 3MEHIITYBaTHUCS.

Jliarma3oH 3MiHM 9aCTOTH 0OepTaHHs poOOYOro Koyieca CKiae:

(1.5)

ToOTO MAEMO Nmin= 0, 7Nmax.
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Pucynox 1.2 — XapaktepucTuku Hacoca i TpyOOTpOBOAY MPHU PETyIIOBaHH1

10/1a41 3MIHOKO YaCTOTH 00epTaHHs

Sx BugHO 3 pucyHka 1.2 1 yHIBepcalbHUX XapaKTEPUCTUK HACOCHOTO
arperatry 10HKY-7-2, npu perynoBaHHI TmoJadi Hacoca 3MIHOIO YacTOTH
obepTanHsi poOOYOro Koseca BIJICYTHS HENPOJYyKTUBHA BTpaTa MOTyXHOCTI. Ha
bOMY 1 Oyzie 6azyBaTucs mojaiblia Mooy 10Ba CUCTEMHU KEPyBaHHS.

BucHoBok o po3airty.

Takum YUHOM, OCHOBHUMH 33/1a4aMH JJIsl TAaHOT'O PO3POOJICHHS €:

— pO3paxyHOK MOTY>KHOCTI Ta 3aMiHa JBUTYHA Hacoca Ha OUTBII CyYacHH;

— OTJISII CHCTEM PEryJIOBaHHS IIBHAKOCTI Ta BHOIp THUIy MOJEPHI30BAaHOI
CUCTEMU;

— BUOIp 00J1aJHAHHS MOJICPHI30BaHOT CUCTEMU;

— JTOCJIIJIPKEHHS CTATUYHUX Ta JUHAMIYHUX XapaKTEPUCTUK CUCTEMU;

— PO3paxXyHOK CHCPI'CTUIHHUX HapaMeTpiB CHCTCMMU.
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2 BUBIP OBJIAJHAHHS EJEKTPOMEXAHIYHOI CUCTEMHU TA
AHAJII3 CTATUYHUX PEXUMIB EII

2.1 IlpuHOMNIN KEPYBAHHSA ACHHXPOHHHMM JIBHUTYHOM
2.1.1 YacTtoTHE KepyBaHHS ACUHXPOHHHUM JIBUTYHOM

Po3risiHeMO TPUHIMI 4YaCTOTHOTO KEpyBaHHS, CYTHICTIO SIKOTO €
B3a€MO3aJiekHe peryioBaHHs yacTotu {1 1 Hanpyru U Ha cTaTopi nBuryHa [4].
BxigHoto wactoToro fi BH3HAYA€THCA MIBHIKICTH OOCPTAHHS MAarHITHOTO

IIOJIsA CTaToOpa o :

2. 1.
o =220 1)

BIJl SIKO1 3QJICKUTH (3 ypaxyBaHHSIM BEIIMYMHU KOB3aHHS S) IIBHIKICThH
obeptanHs potopa o . [Ipu nipomy HeoOxigHO peryntoBatu Hanpyry Ui y QyHKIii
4acTOTH fi, IO MOYKHA TTOSICHUTH HACTYITHHM:

Enexrpopymriitna cuna (EPC) E; oOMoTKu cTatopa mpomopiiiiiia 4acToTi 1
MarHiTHOMY OTOKy @

E
E =c®- f,; ,ToMy c®=—1, (2.2)
1

npu gomymenHi Ry =0, X; =0, 6ynemo matu U; = E;, ToOTO c® = ﬂ
1

K10 3MIHIOBATH TUIBKM 4acToTy fi, TO mpu 11 3MEHIIEHH] MarHITHUHN MOTIK
Oyzne 30LIbIIyBaTHCS, 1 JABUTYH OyJe HAcUIIATHCS, a Tpu ii 30UIbIIeHHI Oyze
3MEHIITYBATUCS MOTIK 1, OT’KE, MOMEHT JIBUTYHA.

Jns  onepkaHHS TIOCTIMHOTO MAKCUMaJIbHOTO MOMEHTY M = const
HeoOx1HO miaTpuMyBaT @ = const. Y nepiiomMy HaONMKEHHI 1€ TOCATAETHCS 3a
ymoBu U /f] = const, Tounime Ei/ fi = const.

[Ipu nBO30HHOMY peryitoBaHH1 MBUAKOCTI A/Jl:

y 1- i 30HI MaeMO TpU MBUAKOCTAX 0< ® < @y, 0 < f) < fiy, 1 Uy /£ =

const; @ = const; Mk = const (peXx1UM MOBHOTO TOJs);
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y 2-111 30HI Ma€eMO IPU HIBUAKOCTIX O < O < Omaxc, {1 < fI < fivaxe, Uil =
Uiu =const, ® ~ 1/ 0, M ~ 1/ ® (pexxum ocnabaeHHs MOJs).

st onTUManbHOTO BUKOpUCTaHHA AJl mnpu YacTOTHOMY KepyBaHHI
HEOOXI/THO pEeryjloBaTH HAmpyry y (QyHKIii 4acTOTH 1 HaBaHTaXEHHs TaK, 1100
30epiraTi MOCTIMHOIO MEPEBAHTAXKYBAIbHY 3AaTHICTE Mi/M = const. Lliii ymoBI
BIJIIIOBIJIA€ 3arajbHa 3aJI€KHICTD:

U _ i M
UIH ﬁH M

(2.3)

H
OxpeMi BUIMAJIKH II€T 3a71€KHOCTI:
- mocTiiinuii MomeHT M = My =const, U, / fi = const;

- BEHTUISATOpHUN MOMEHT M ~ ., U/ f; = const;

o : U
- mocTiifHa MOTYKHIiCTh P = const, ——= = const .

Jf

YacToTHEe KepyBaHHS, 3aCHOBAHE Ha B3a€EMO3AJICKHOMY DETYJIOBaHHI
yactotd fi 1 Hanpyru U; xuBineHHa A/l mo ogHOMY 3 NPHUBEACHUX BHILE 3aKOHY,
HA3WBAIOTh CKASIPHUM KEPYBaHHAM. Y CKaSIPHUX PETYJATOpaxX OMNEPYIOTh 3
JIOYMMU 3HAYCHHSIMHU peaibHux cTpyMiB 1 Hampyr AJl. CkanspHe KepyBaHHSA
3a0e3nedye 3aJ0BUIbHI XapaKTEPUCTHK CTAaTUYHHMX 1 "TOBUIBHUX'" MEpeXiTHUX
pPEXKUMIB €JIEKTPONPUBOJIAa B OOMEKEHOMY Jiama3oHi peryntoBanHsa g0 1:10, 1o
BUSIBJISIETHCSL JIOCTATHIM JJI OUIBIIOCTI 3arajbIPOMUCIOBUX €JIEKTPOIPUBO/IIB.
bbb mporpecMBHEM METOIOM dYacTOTHOro kKepyBaHHa AJl, mo 3abesmeuye
BUCOKY SIKICTh CTaTMYHUX 1 JWHAMIYHUX XapaKTEPUCTUK EJEKTPONPUBOJA B

HIMPOKOMY Jiana3oH1 peryJiloBaHHs, € BEKTOPHE KepyBaHHS [4].
2.1.2 BekTopHe KepyBaHHS aCHHXPOHHUM JBUTYHOM

BekropHe kepyBaHHS MpPUITYCKa€ B3a€EMHY OPIEHTAII0 BEKTOPIB CTPyMYy 1
noToky (opientauis no mnomwo) AJl B mpoueci perymoBaHHs. [lpu mbomy
KOHTPOJIIOIOThCSL BeNMu4ynHa 1 (a30BHl KyT MOMEHTOOOpa3yrouoi (aKTUBHOI) 1
MOTOKOOOpa3yro4oi (peakTUBHOI) CKJIAJIOBUX CTpyMy cratopa. [lns anamizy i

CHUHTC3Y aJ'II‘OpI/ITMiB BCKTOPHOI'O KCPYBAHHA BHKOPHUCTOBYETHCA HBOX(baBHaH
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MOJieJb  y3arajJbHEHOi EJNeKTPUYHOI MAaIIMHM 1 MaTeMaTUYHUil  anapar
KOOPJIMHATHUX 1 (a3HUX NEpPEeTBOPEHb IMEPEMIHHUX. BeKTOopHE KepyBaHHS
3aCTOCOBYETBCSI Yy BBICOKOAIHAMIUYHUX IIHPOKOPETYIIOEMUX EJIEKTPOIPUBOIAX
CKJIAJHUX BHUPOOHMYMX MAaIIMH 1 MexaHi3MmiB. /[[nsg peanizanii 4acTOTHOTO
KepyBaHHS B  CKJIAJl  €JIEKTPONPUBOJA  BUKOPUCTOBYIOTHCS  CHIJIOBI
HaIBIPOBITHUKOBI MEPETBOPIOBAYl YACTOTH.

CTBOpEHHSI  €JIEKTPOIPUBOAIB  3MIHHOIO CTpyMy, fKI 32 CBOIMH
JTUHAMIYHUMU ~ PETyJIIOBaJIbHUMU BJIACTUBOCTSIMU HE NOCTYHaThCS
eJIEKTPOTIPUBOAY TMOCTIMHOTO CTPYyMy, CTall0 MOKJIMBUM 3aBASKH PO3BUTKOBI
TEOpii BEKTOPHOIO KEPyBaHHsS MallMHAMU 3MIHHOTO CTPyMy, a TaKOX ycCIiXam B
TEXHOJIOT'1] CTBOPEHHSI CUJIOBUX HAIlIBIIPOBIIHUKOBUX MPUCTPOIB Y MIBUIKOIIIOYMX
MEepPEeTBOPIOBAYaX YACTOTH 1 MIKPOMPOILECOPHOT TEXHIKHU ISl peaiizailii CKJIaJHUX
ITOPUTMIB KepyBaHHS [4].

BekTopHe kepyBaHHs mnependadyae BUKOPUCTAHHS B SIKOCTI Kepyroudoi Aii
ACHHXPOHHOI MallMHU BeKTOpa Hampyru (ctpymy) cratopa abo portopa. [lpum
IOMY PEryJIOIThCS aMIUIITyna 1 (asza, OTXe, 1 YacToTa Hampyru (CTpymy)
NEPEeTBOPIOBAYA, IO XUBUThH EJICKTPUYHY MAIIMHY. BUKOPUCTaHHS BEKTOPHOTO
KEPYBaHHS JJa€ 3MOTY 3a0€3MeUnTH HEe3alIeKHE PETYIIOBAHHS MarHITHOTO MOTOKY
JBUTYHA 1 HOr0 MOMEHTY aHaJOrI4HO, K JUIs MAlIUH MOCTIHHOTO CTpyMy 3
He3aNeKHUM 30y/keHHSAM. OJIHaK, Ha BiAMIHY BIJ JBUTYHA MOCTIHOTO CTPyMY,
JI€ OPTOTrOHAJIBHICTh BEKTOPIB OCHOBHOI'O MAarHiTHOTO MOTOKY Ta SIKOPHOI MarHito-
PYIIIMHOI CHJIM MKOPCTKO (PIKCYETHCS B MPOCTOPI 3a JIOMOMOTOI0 KOJEKTOpa,
CIEKTPOJIBUTYH  3MIHHOTO  CTpyMy TOTpeOy€e  30BHIIIHBOTO  KepyBaHHS
IPOCTOPOBUM TOJIOXKEHHSIM BEKTOPIB MAarHiTHOIO MOTOKY 1 MAallMHOPYIIIHHOI
cumn (MPC) poropa. be3 Takoro kepyBaHHA KyT MIDK ILIMMU BEKTOpaMu
3MIHIOETBCS B TMEPEXIAHUX pEXUMax 1 BHUKIUKAE iX CKJIQJHY B3aEMOJII0 1
KOJMBAJIbHY TMepexifHy (QYHKII0 MOMEHTY JBuryHa. CuCTeMU KepyBaHHS
eJIEKTPOTIPUBOIAMU 3MIHHOTO CTPyMY, IIIO 3A1MCHIOIOTH O€3M0CcepeiHe MPCTOPOBE

PCTYIIOBAHHS IIOJIOKCHHA BCKTOpa CTPpYMY BiIIHOCHO IIOJIOKCHHA BCKTOpPA
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MOTOKO3YETVICHHS, HA3MBAIOTHbCSI CHUCTEMaMH BEKTOPHOTO KEpyBaHHSA, B SIKHX
BUKOPHCTOBYIOThH TIPUHITUII OPIEHTYBAHHS 32 ITOJIEM MAIIHH.

Ha 6a3i kacu4dHoi Teopii poOOTH aCUXPOHHUX JIBUTYHIB Y BCTAHOBJICHOMY
peXKUMI PO3TISTHEMO, SK KEPYBaHHSIM BEIUYMHH CTPYMY CTaTopa MOXKe OyTH
3/1iICHEHE MpsSME KEPYBaHHS MOMEHTOM JBUTYHA [4].

Ha puc. 2.1 IIpUBCACHA 3BHYaliHA cCXeMa BaMiIHeHH}I ACHMHXPOHHOI'O ABUI'YHA.

Pucynok 2.1 — Cxema 3amimieHass AJ]

VY cxemi MaeEMO Taki MO3HAYCHHS:

Ri1, R> — akTuBHI onopu 0OMOTOK cTaTOpa 1 poTOpa;

X1 = wo-Li; X2 = wo-L2; Xm = Wo-Li2; — IHIYKTMBHI OIIOPU PO3CIFOBAHHS
cTaTopa, poTopa 1 HaMarHi4yBaHHS;

S — BenM4YrHA KOB3aHHS.

Binomo, mo enexkrpomarnitHuii MomeHT AJ[ dYepe3 mapamerpu cxemu

3aMiILEHHS] BUBHAYA€ThCS BUPA30OM:
m=3Y2hy : (2.4)
@
ne Uz — IHayKOBaHa Harpyra poropa.
[TapameTpu poTtopa Ha cxemi puc. 2.1 mpuBeAeHl A0 cTaTopa 4Yepe3
BIJIHOIICHHS KIJTbKOCTEN €(heKTUBHUX MPOBITHUKIB O0OMOTOK.

Jly1st BcTaHOBJIEHHS 3B 3Ky cTpyMy [ cTaTopa 3 MOMEHTOCTBOPIOIOUUMH |7 1

U, poTOpHOTO JaHIlora BUKOPUCTOBYIOTh MOJU(PIKOBaHY cxemy 3amilieHHs AJl
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L12

puc. 2.2, B sKii 3a paxyHOK BHUOOpY Koe(]illleHTa TPHUBEICHHSI a =
2

IHIYKTUBHUN omip X, HabmmxaeThes A0 Hynd 1 Uz = Es.

Pucynok 2.2 — IlpuBenena cxema 3amimeHas Al

Hogi napameTpu cxemu:

Ctpym craropa I1 B cxemi puc. 2.2 po3IiJIeHHH Ha Bl CKJIaJI0BI

IimM — yTBOpIOIOUMIA MOMEHT;

[y — yTBOpIOIOYMI MOTIK POTOPA.

L
Iy =1, —= (2.5)
Ly,
E,=-w, v, (2.6)
E
I, =——2 (2.7)
@y - Ly,

3 piBHsHB (2.6) 1 (2.7) oTpuMy€eMO BUpa3 Y2 JJisi TOTOKO3YETNIEHHS POTOpa:
Wy =Ly 1, (2.8)

Bupas MomenTa, oTpuManuii 3 piBHsHbG (2.5), (2.6), (2.7):



24

L
_ 12
LZ
MOKasye, IO HOro BeIMYMHA MOXE KepyBaTUCS [BOMa OPTOrOHAIbLHHMHU
CKIAJOBMMHU CTPyMy cTaropa. YiTKO IPOCTEXYETbCS AHAIOTHS 3 MAILIMHOIO
TIOCTIHOTO CTPyMy — cKIanoBa Ly, Ipae poib cTpyMy 30yIKeHHs, a Iim — cTpymy
AKOPS.
BekropHa miarpama puc. 2.3 HOKa3ye B3a€MHE ODICHTYBaHHS BEKTOPIB

Hanpyr, ctpyMiB, EPC 1 cTtpymo3uemneHHsA/l, B TOMy 4uCHl CKJIAIOBI CTPyMY

craropa liy 1 [im.

Pucynox 2.3 — Bekropna niarpama A/l
3 JiarpamMu BUTUIMBAE:
Iim = Ii-cos y.
Kyt v 3B's13y€ ABI CKJ1aI0B1 CTPyMY CTaTopa.
IIle omun BUpa3 ctpymy Iim uepes Eo:

L
L p S (2.10)

[lm
L12 RZ

O06'eqnanns BupasiB (2.7) 1 (2.10) BCTaHOBIIIOE 3B'S30K:

1, =-2.S @, 1 (2.11)
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1 I03BOJISIE BU3HAYUTH KYT Y Uepe3 MapaMeTpu poTopa 1 HaBaHTaxkeHHs A/
R 1
gy =——2s@, = ———, (2.12)
L, s@yTp
ne Tp — enlekTpoMarHiTHa cTajia yacy oOMOTKH poTopa. KokHomy 3HaUeHHIO
KOB3aHHS S BIJINOBIJa€ BU3HAYEHE CITIBBITHOIIEHHS CKJIaJOBUX CTPYMY CTaTopa:

I
sw, = ]l—mTp, (2.13)
ly

IO CBIIYUTBH PO T€, IO CTPYM CTATOpa Ta KOB3aHHS IMOBHICTIO BU3HAYAIOTh
MomeHT AJl.

Amnani3z nBoxdasznoi d — q moxmeni AJl (tyt d i ¢ — opToroHajqbHa CHCTEMa
KOOpAMHAT POTOpa) IMOKa3ye, IO PO3MVISIHyTa BHUIIE KOHLEMIIS BEKTOPHOI'O
KEpyBaHHS BCTaHOBJICHOI'O pEeXUMYy BIpHA 1 B YMOBax IMEpEXiTHUX
HEBCTaHOBJNIeHUX pexxkumiB [4]. Opienramist nons poropa AJl B d — q 3MiHHHX
MICTUTBCS B CIIOJTyY€HH1 MOB3/JOBKHBO1 Bici d 3 BEKTOPOM MOTOKY poTopa 2. [lpu
IIbOMY JIOCSITA€THCS MMOBHUM 30iT MiXK 11q Ta lim, 114 Ta L1y, W24 Ta Y2, a TaKoXK 30ir
KYTIB Y24 Ta 2.

CuHTE3 alNropuTMIB 1 CUCTEM BEKTOPHOTO KepyBaHHs A/] 6a3yeThcs Ha iloro
d — q 3miHHUX. YCi CIIBBITHOMICHHS 1 3aJIGKHOCTI 11 3MIHHUX BCTAHOBJICHOTO
peXKUMY PO3IMOBCIOIKYETHCS 1 HA d —  3MiIHHI.

BexTopHe kepyBaHHsI MOXke OyTH peasli3oBaHE B €JEKTPOIPUBOJAx Ha 0asi
AIC (aBTOHOMHUX 1HBEPTOpIB CTpyMy), Tak 1 Ha 6a3i AIH IIIM (aBToOHOMHUX
1HBEPTOPIB HANIPYTH 3 IMIUPOTHO - IMITYJIbCHUM MOJICTTIOBAaHHSIM).

OnmHa 3 MOXIMBHUX CTPYKTyp acuHxpoHHOro FEII 3 BuIepo3rissHyTHM
BEeKTOpHUM KepyBaHHsAM Ha ocHOBI AIH IIIIM mpexncraBneHa 610k — cxeMoro Ha

puc. 2.4.
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Pucynok 2.4 — biok-cxema acuHXpoHHOTO EIl 3 BEKTOpHUM KE€pyBaHHSIM Ha

ocuosl AIH IIIIM

Cucrema BEKTOPHOIO KEpPYBAaHHS CKJIQJA€TbCAd 3 TPhOX OCHOBHHUX
(yHKL10HAJIBbHUX YACTHH:

BP3 — 6510k, 1110 3/1IHCHIOE PEryIIOBaHHS 3MIHHUX;

BO3 — 6510k, 1110 3/11HCHIOE 00YHCIICHHS 3MIHHUX

b33 — 610K, 110 311HCHIOE 3aBJaHHS 3MIHHUX.

Ha Bxim BP3 mnocrynaroTh 3amardi CHUTHAIM MBHAKOCTI (200 1HIIIOTO
napaMeTpy pyxy €IeKTpPONpHBOJA) 1 MOTOKY, a TaKOXX CHUTHAJIH 3BOPOTHHOTO
3B’ 513Ky (3 Buxony BO3) — opieHTOBaHI 3a IMOJIEM 3HAYEHHS CKJIAJOBUX CTPYyMY
cTaTopa, MIBUAKOCTI Ta MOTOKO34YeIIeHHs1 poTopa. bP3 mMictutk Hablip perynaropis
— MOTOKY, MOMEHTa, CTPyMY, Ha BUXO/1 SKUX (POPMYIOTbCS TaKOXK OpPIEHTOBaHI 3a
MOJIEM CUTHAJIM 3aBJIaHHA CKJIAJ0BUX CTpyMy crtaropa. b33 3mailicHioe ¢a3oBi 1
KOOpAMHATHI NEPETBOpPEeHHs 3anatouux d — g 3MIHHMX B CUCTeMY Tpuda3zHHX

CUTHAJIIB KEPYBAHHS IMIMPOTHO-IMITYILCHUM Moaysitopom IIM.
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brok BO3 o6uncaoe TNOTOYHI 3HAYEHHS AaMIUNITYAHUX 1 (a30BUX
napameTpiB d — q 3minHuX A/l, 3ailicHIOr0uYM Pa30Bi i KOOPJUHATHI EPETBOPEHHS
peanbHUX TpUGaA3HUX CUTHANIB CTPyMiB 1 Hanpyr AJl, sKi MOCTYMaloTh 3 BUXO/IIB
BIJIOBITHUX JaTYHKIB.

KoopaunaTHi nepeTBOpeHHs, K1 3M1HCHIOIOThCA 6510koM bO3, mosnsararoTs B
nepexol BiJl pealbHUX KOOpAUHAT TpudazHoi cucteMmu craropa Al 3 Bicsimu a, 0,
C J10 OPTOrOHAJIbHOI CUCTEMU KOOPAMHAT poTopa ABoda3Hoi Moaeni A/l 3 Bicsimu d
1 q. biox b33 3xiiicHIOE 3BOPOTHI MEPETBOPEHHS OT OPTOrOHANBHOI d —  cucTeMu
KOOpAMHAT A0 TpU(]a3HOI CUCTEMU KOOPANUHAT.

®a30Bi MEpPeTBOPEHHA B LUX OJIOKaxX 3a0e3MedyioTh MpUB ' 53Ky (Pa3zoBUX
napaMeTpiB 3MIHHUX B JBOX CUCTEMax KOOpAUHAT.

Yucio BUMIPIOBAaHMX MMapaMETpiB 1 TOYHICTH BHUMIPIOBaHb 1CTOTHO
BIUIMBAIOTh HA BapTICTh, SKICTh XapaKTePUCTUK  Ta HAJIAHICTL pPOOOTHU
enekrpornpuBoaa. llpu BekropHomMy kepyBaHHI AJ] HEOOXiTHO KOHTPOIIOBATH
xoy4a 0 J1Bi 3 YOTUPHOX, TOCTYIMHUX ISl BAMIPIOBAHHS 3MIHHUX:

—  cTpy™m craropa A/,

— Hampyra Ha craropi A/l,

—  KYTOBE NOJIOKEHHA poTopa A/,
—  KyTOBa IIBHUJAKICTH poTtopa A/l.

binbm  gemeBMMH 1 TPOCTUMH €  E€JIEKTPONPUBOAN, PO3IMKHYTI 10
IIBUIKOCTI, SIKI HE MICTSTh JATYMK KYyTOBOI IIBUJKOCTI. TyT BUMIPIOIOTHCS JIMILIE
Hampyru 1 CTpyMH Ha cTtaTopi aBuryHa. Yactora obepranHs poTopa ® abo ii
aHayor KoB3aHHSA S obOunciroerbess B bO3 mo Mozeni, ska BpPaxoOBY€ THIOBI
ycepenneni napamerpu (R,X) AJl. Hemonikom posimknytux EIl € Te, mo npu
3MiHI TEMIEPATYPHUX YMOB IX pEryJlOBaJIbHI BJIACTHBOCTI B 30HI HYJIEBHUX
MIBUAKOCTEN MOXKYTh P13KO HOTIPIIyBaTUCS, TAKUM YMHOM Jlana30H peryIroBaHHs
MOKe OyTH OOMEKESHHIA.

JlJiss yHUKHEHHS [IbOTO HEJIOJIIKY BUKOPHUCTOBYIOTH OLTBIN CKJIaHI 3aMKHYTI

EH, SIK1 MalOTh BCTAHOBJICHU Ha BaJly ABUI'YHA JaTYHK I]IBI/IIIKOCTi.
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BekTopHe kepyBaHHS aCHHXPOHHHUM EJIEKTPONPUBOIOM NOTPEOy€e BEIUKOTO
00 ' eMy 1 BHCOKOi HIBHAKOCTI PO3paxyHKiB, 1, SK MPaBUJIO, pEali3yeThCs 3a
JOTIOMOT'OK0  MOTY>KHOIO ~ MIKPOIIPOIIECOPHOTO  KOHTpojepa. s  1boro
BUKOPHUCTOBYIOTh KOHTpOJIEp Ha 0a31 HU(ppoBOro curHaibHoro npouecopa (DSP).
Bektopne kepyBaHHS TMOTpeOye BEIHMKOI KUIBKOCTI 1 BHCOKOI TOYHOCTI
BUMIpIOBaHHsA mnapamerpiB  AJl. B  enexkrponmpuBogax 3 LI€I0  METOKO
BUKOPHUCTOBYIOTHCSI BACOKOTOYH1 IIMPOKOIIOJIOCHI BUMIPIOBaUl CTPYMIB 1 HANPYT —
natunkn LEM, enekTtpoMexaHiyHi a00 IMIYJbCHI TaXOMETPUYHI MPUCTPOI
(1aTYUKU TIBUJIKOCTI).

[TeperBoproBau yactoru [IY Ha ochoBi TpausuctopHoro (IGBT) AIH c
BrucokoyacToTHUM IIIM — kepyBaHHsM 3a0€3Me4ye MUPOKY MOJOCY MPOMYCKaHHS
KEPYIOUMX BIUIMBIB Ta HEOOXIJHY y BUIAJKY BEKTOPHOI'O KEpyBaHHS IIBUIKOIIIO

Bi,Z[HpaI_HOBaHHH 3aJar04nXx CHUTHAJIIB.
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Pucynok 2.5 — CTpyKkTypHa cXxeMa aCHHXPOHHOTO €JIEKTPOIPUBO/Ia HA OCHOBI

BEKTOPHOTO CIIoco0a ympaBIiHHS
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dy
a =——RL (S)_|_RL (r) ()

dt A( R Lo
d

‘”b - LR Ly s R Ly
<

, (2.14)

d 1

l//a _X(Rr mWaS) +R L WL(Zr)) - W}SS)
d 1

V/” _X( Lyl +RLy )+ oy

Jlnst po3paxyHKIB BUKOPUCTOBYEMO JHMCKPETHY CHUCTEMY, 32 JIONIOMOTOKO

SKO1 BIIOYBA€ThCS MEPEX1Jl BiJ 3HaYEHb B MOMEHT 4acy t, JO0 3HaY€Hb B MOMEHT

qacy th+1:
wﬁﬂ—wﬁllw-i(RlﬂA”+Rl@w?)
Vi =i e LRI SR L)
Vi =Vl + %( RLy® +R Ly
Vi =i R L+ R L)
ne At =t,,, —t, nopiBHroe 4 nepiozaa IIIM,

1a, Iy — BUMIpSIHI CTPYMU CTaTOpA,

)

~L,7"

E:i@—m

W, ")

-L,y,

= (s)

Tb :i(L Yy

i)
+u(§))
Ty,

oy,

(r)

(r)

K1, -1,)
( _Tb) (2.15)
j K0,-7)

) - MOI[GJIBOBaHi CTpyMH CTATOpa.

Koedimientu K; 1 K> BU3Ha4aOTh CTYIiHb KOPPEKIIIi MOJENI 10 MTOMHJIKAM

cTpyMiB. [[ns cTifikocTi Mmoaein oouparTs BennunHu Ki; >0 1 Kx<0.

[ToTiM po3paxoByeMO KyT IOTOKY POTOpa:
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Q= arctg(t//ff) + iw,ﬁ’)) (2.16)
[Tpu #ioro po3paxyHkKax BHKOPHCTOBYETHCS TaOIMIs arctg(X) ais 3HAYEHD
BennunHu X = 0...71/4.

Jlai BU3HA4YaI0ThCsl MPEKIIiT BEKTOPIB CTpyMy cTaTopa Ha oci d 1 q:

1, =1,cos(p)+1,sin(p) (2.17)
I,=-1, sin(p)+ 1, cos(p) (2.18)
Tq = —1_ sin(p)+ 1, cos(p) (2.19)

Bemnunna [, — 1, BU3HAYa€ 3HaK 1 BENMYMHY MOMHJIKH INBUIKOCTi. BoHa

noctymnae B [ll-perynarop miactpoiiku mBujakocti. Ha #ioro Buxoai oTpumMyeMo
BEJIMYMHY MOJENBHOI IIBUIKOCTI ® , sIKa BXOJUTh B CHCTEMY Iu(DepeHIIHIX
piBHSHB Mojeni. OTpuMyeMO, SKIIO WBUIKICTH poTOpa Oyne BIIPIZHATHUCS BiA

3HaYCHHs ®, [I-perynsarop miacTporoe 3Ha4YeHHs ®, WoO pisHius [, ~T , Oyna

HYJbOBOIO. B pexumi poOoTH JaTunMka MIBUAKOCTI 3HAYEHHS (® MOCTYNA€E 3 HbOTO,
a cucreMa piBHSIHb Oy/ie BUKOPUCTOBYBATHCS JIMLIE ISl BU3HAUCHHS Opl€HTAIlll
IIOTOKa pOoTOpa.

Bennunau Id Iq BukopucroByeThes y BimnoBimnux Ill-perymsitopax sk
3HAYEHHS 3BOPOTHBOTO 3B'SI3KY, HA BUXO/I 111 peryasTopu (HOPMYIOTh KOMIIOHEHTH

BUXIJTHOI HAIIPYTH uff) 1 ufls) , SIK1 IIOTIM MO 3BOPOTHIM (pOpMyJiaM NEPEBOAITHCS B

CTalllOHApHY CUCTEMY KOOPIUHAT:
u =u cos(p) - ufjs) sin() (2.20)

ul” =ul sin(p)+ ufls) cos(p) (2.21)

MOTIM MO0 HUM BU3Ha4aeThcsa Homep cermenta (0...5) 1 Benmuunnau T1, Tz qis
HOBOrO nepioga [IIM.

[1I-perynsarop MmWBUAKOCTI (B PEXHMMI KEpyBaHHS IIBUIKICTIO) OTPUMYE
3aBJaHHSA C MMyJbTa a00 aHAJIOrOBOIO BXOAY, a B SIKOCTI 3BOPOTHBOTO 3B'sI3Ky Oepe

BCIIMYUHY I_HBI/II[KOCTi @.
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Ha Buxomi Bugae 3apnanns ajis Uis peryistopa lq, ke 1mo cyTi € 3aBJaHHsIM
Ha MoMeHT M. BoHo oOmexeno mapamerpom cTpymMy 0,1 Imax, SKUH pasom i3
0,1-Ixx BU3HaUYae MaKCUMAJIbHUI MOMEHT, SIKUW PO3BUBAE ABUTYH.

Koediuient ocnadnenus Kocq 3MiHIOE 3HaYEHHS BiJl IESIKOr0 MiHiMyMa J0 1,
1 nocrymnae 3 Buxony Ill-perynstopa ocnabieHHs MO, HA BX1J SIKOTO MOAAETHCSA
p13HUI Umax — Uq. [Toka Benuunna Ugq MenbIne 32 Umax, pETYISTOpP 3HAXOAUTHCS B
HacuyeHH1 1 Koex = 1. IHakme perynsatop 3HMmKye Kocs, MATPUMYIOUM 3HAYEHHS
Hanpyru Uq MOCTIHHUM.

Hanpyra Umax po3paxoByeTbesa sk MakcuMmanbHa Hampyra Ug, Ky MOXKe
BUJATH 1HBEPTOpP, TNOMHOXKEHA Ha KOe(IiliEHT BHUKOPUCTAHHS HAIMpPYTH, IO
3a0e3neuye 3arac 1o Hamnpysi JJIsi poOOTH PETYIISTOPIB CTPYyMY:

v Ve,

max \/g

3HaueHHA Ky 3a 3aMOBUYEHHSIM NpuiiMaeTbest piBHUM 0,9.
TpebGa BpaxoByBaTH, II0O B PEXUMI PETyJIIOBAaHHS IIBHUJKOCTI MO MOJENI

PEryiTOp oca0JIeHHS OIS MOXKE IIpanroBaTU HEeCTaOUILHO.

2.1.3 TlpuHIMNIH MIIPOTHO-IMITYJIBCHOTO KEPYBaHHS 1 JOPMYBaHHS BUX1JIHOT

HaIpyTry B €JIEKTPOIPUBOIL

OcHOBOIO mMepeTBOpIOBaYa € aBTOHOMHHUK 1HBepTOop Hampyru (AIH),
BUKOHAHUM Ha uUikoM kepoBaHux IGBT - wmoaynax. ChopomieHa cxema
TpudazHOro IHBEpTOpa HANPYTH MTOKa3aHa Ha puc 2.6.

Tyt Tpu ¢a3u HaBaHTaxkeHHs (a, b, ¢), MO MIKIIOYAIOTHECA A0 BUXOIY
NepeTBOpIOBaya, 3'€/IHaHI 3a CXeMolo "3ipka'.

[TpuitHATO pO3PI3HATH TaKl THUIK aJITOPUTMIB KEPYBaHHS BEHTWISIMU
(3anmexHO Bia pexumiB podootu AIH): 3 oaHOKpaTHUM MPOTATOM MEPIOaY
NEPEKIIFOUEHHSAM KOXHOTO BEHTWISI 1 3 0araTopa3oBUMH HPOTITOM IEpPIOAy
NEPEKITIOYEHHSIMU KOKHOTO BEHTHUJIS.

Posrasig metoniB popmyBaHHS BUXITHOT HAIPYTH MIOYHEMO 3 TIEPILIOTO 3 HUX.
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Pucynok 2.6 — Cxema TpudazHoro iHBepTopa Hanpyru

VY koxHiM (a3l 1Ba BEHTWI1 3HAXOJITHCS y MPOBIAHOMY CTaHI MOYEProBo,
Marud 3MilleHHs no (a3l Ha T paj, TOAl 1HTEpBad MPOBIIHOCTI L KOKHOTO
BEHTUJISI Ha TPOTS31 MEPioJy CKIAJa€e TaKoX T pald. Bentwni x cycigHix (a3
OynyTh mpaioBaTu 31 3cyBoM (a3 Ha 2 /3 pan. Takum yuHOM, B OyIb-IKUM
MOMEHT 4Yacy KoOxkHa (a3a HaBaHTAXKEHHsS OyJe MIAKIYATUCS 0 OJHOTO 3
MIOJTIOCIB JKEpelia KUBIICHHS, TOMY Oyzie 1ICHYyBaTH JIAHIIIOT /1€ TIPOTikae cTpyM. B
KO)KeH MOMEHT 4acy OyayTh MpalfoBaTé Tpu BeHTWil. Yepe3d koxkHI T /3 pan
3IIUCHIOETHCS TIEPEKIIIOUYCHHST BEHTWIIB oaHiel 3 (a3. Ilepiom ckimamaeThcs i3
HIECTH 1HTEPBAIIB TPUBAIICTIO T /3, TaK 3BaHUX NEPIOJIIB MOBTOPIOBAHOCTI, IO
XapaKTepU3yIOThCS ~ BHU3HAYEHHM CTaHOM TMPOBIAHOCTI BEHTWIB 1 a3
HABAHTAKEHHS.

Onna 3 ¢a3 HaBaHTaKEHHS, SKa IMIKIIOYAETBCS 10 TOI0ca JpKepena
JKUBJICHHSI TIPOTATOM TEPIOy MOBTOPIOBAHOCTI, Oyze MOCHIAOBHO 3'€THAHOIO 3
JIBOMa 1HIUMU (Dazamu, sIK1 3'€JHAHI MapalieIbHO MK COOO0 1 MIAKIIOYEHI 10
1HIIOTO TIOJIFOCY JKEpEeTa KUBIICHHS.

Puc. 2.7 imocTpye miakirO4eHHs] HAaBaHTAXXEHHS JI0 JDKEpelia KUBJICHHS Ha

nepioii MOBTOPIOBAHOCTI 3 POOOYUM CTaHOM BEHTHIIIB 2, 3, 6.
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PI/ICYHOK 2.7 — Cxema HiIIKJIIO‘leHHH HaBaHTA>XCHHA 3 pO60‘-II/IM CTaHOM

BEHTHWIIB 2, 3, 6

[IpeacraBumMo BUXI1/IHI HANPYTH IHBEPTOPA Y BU/IL:

U=K-U, (2.22)
ne K — BennurHa koMyTaniiiHoi (yHKIII1 BIANOBIAHOI HANPYTH, KA piBHA!

JUIS TIHIAHUX HaIMpyT

K = £1,0; (2.23)

JUTsl pa3HUX HATIPYT

K==+1/3, £2/3. (2.24)

OnucaHuil aJropuT™M TIOYEPrOBOIO0 KEpPyBaHHS BEHTUISIMU 3a0e3neuye
HE3MIHHUU rapMOHINHUI cKJ1a] BUXiAHOI Hanpyru AIH.

[Ipy BHKOpHCTaHHI aITOPUTMIB 3 0araTopa3zoBUMH TMEPCKIIOUCHHIMHU
BEHTUJIIB ~ 0araTopa3oBICTh  MPHUIYCKA€  3AIMCHEHHS  MPOTATOM  Mepioay
MOBTOPIOBAHOCTI  MOPSJT 3 4YEeproBUM  (3B'si3aHUM 31 3MIHOIO  IIE€PIOJIB
MOBTOPIOBAHOCTI) MEPEKIIOYEHHSIM BEHTHJIIB OJHOTO YM JCKIJIBKOX J0JIaTKOBHX
nepeKitoyeHb. ToJll 1HTepBaOM MPOBIAHOCTI BBaXXKalOTh CyMapHY TPHUBAJICTh
J10r0 BBIMKHEHOTO CTaHy MPOTATOM IMEPiofy.

Jist et mupoTHo-iMmyibeHo1 Moayismii (IHIM) y sikocTi mogaTKOBOTO
BUKOPHCTOBYETHCA TaKe MEPEKIt0ueHH, 10 Moxke nepeBectd AIH B oauH i3 ABOX
HyJIbOBUX cTaHiB (1, 3, 5 uu 2, 4, 6). B pe3ynbTaTi BUHUKAIOTh HYJIHOBI May3U Ha

BIIMOBIAHUX IHTEpBajaX KOMYyTaIliiiHOT (YyHKII, TaKuM YHHOM MOYKHA



34

3a0€3MeYUTH PEryJIIOBaHHS J1F0YOr0 3HAYCHHS BUXIJIHOI HAlPyTy B Jiana3oHl BiJl
0 10 MaKCUMyMaIbHOTO 3HAYCHHSI.

Sximo ans peryiroBaHHS HEOOX1JHE MOMIMIICHHS SKOCTI (OpMHU BUXIAHOI
Halpyrd, TO MOXHA BHUKOPUCTATH OUIBII CKJIAJHANA aJITOPUTM KepyBaHHS,
3acHoBaHMI Ha 3actocyBaHHi [IIIM, BioMuii sik METOJI KOMYTAIIITHOTO BEKTOpa

(Space Vector Modulation).
2.1.4 IlepeTBOproBayi 4aCTOTH JJi1 ACHHXPOHHOT'O €JIEKTPOIPUBO/IA

VY 4acTOTHO-PEryJ0EMOMY ACHHXPOHHOMY €JEKTPOIPHUBOJI MNEPEBAKHO
3aCTOCOBYIOThCA J1BojaHKoBl [IY (meperBoproBaui 4YacTOTH) 13 MPOMIXKHOKO
JIAHKOIO MOCTINHOI Hanmpyru abo CTpyMy Ha OCHOBI aBTOHOMHHX 1HBEpTOPIB (Al).
VY ckiazx Takoro nepeTBoproBava BXOJATh TPU OCHOBHI OJIOKU:

B - BunpsamitoBay, KepoBaHHii (THPUCTOPHUI) a00 HEKEPOBAHUM (10 IHUIA);

® - bUTBTp JIAaHKU TOCTIMHOI HanpyTHu (260 CTPyMYy);

Al - aBTOHOMHHUI 1HBEPTOP.

s kepyBanss Tpudazaumu AJl BUKOpUCTOBYIOThCs Tpudaszui cxemu [14.
[cHyIOTH /1Ba BUJM aBTOHOMHHUX IHBEPTOPIB, 110 BIAPI3HAIOTHCS MPUHIIUIIOM i,
CXEMOI0, CHJIOBUMHU €JIEMEHTaMHu: aBTOHOMHHU 1HBepTop cTpymy AIC 1
aBTOHOMHMI 1HBepTOp Hanpyru AIH.

- AIC Mae XapakTepuUCTHUKU JDKEpena CTpyMy, HOro BUXIJIHUM
pEryJIbOBaHUM MapaMeTpoM € ctpym A/l

- AIH - mxepeno Hanmpyru, HOoro BUXIAHMM PETyJIbOBAaHUM I1apaMETPOM €
Hanpyra Ha 3aTuckax A/l

VY skocti AIC Haiib1sIb1IEe YaCTO BUKOPHUCTOBYETHCS MOCTOBUN TUPUCTOPHUI
1HBEPTOP CTPYMY 3 J10JIaMH, 11O BiJICIKAIOTh.

KnacudikamiifHOI0O 03HAKOI0 CXeMH € BXIOHUN 1HAYKTUBHHHA (QIIBTP.
Tupucropu - CHIOBI KUl CXEMHM, IO 3A1MCHIOIOTH 3a PaXyHOK IOYEProBOIO
NEPEKIIOYEHHsI 1HBEPTYBAaHHS IOCTIMHOIO BXIJHOTO CTPyMy Yy 3MIHHUU
IPSIMOKYTHO-IMITYJIbCHUM BUXIIHMA CTpyM. 3HaueHHs BuxigHoro ctpymy AIC
BU3HAYAETHCSI BEJIMUYMHOK CTPYMy 1 IMPOrpaMor0 pOOOTH TUPHUCTOPIB CXEMH.

PeryintoBaHHs BUXIAHOTO CTPyMY 3IIMCHIOETHCS PETYIIOBAHHIM BXIJTHOTO CTPYMY.
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Buxinna nanpyra AIC Bu3Ha4aeTbcsi BUXITHUM CTPYMOM 1 MapaMeTpamu
HaBaHTaxxeHHd (AJl). Ilapamerpu komyramii 3anexarb BiJ CHIBBIAHOLIEHHS
BEJIMYMH €MHOCTI IHBEpTOpPA U 1HYKTUBHOCTI JIBUTYHA.

CyuacHi AIH BHKOHYIOTBCS Ha OCHOBI IIUJIKOM KEPOBAHUX CHJIOBUX
HaMIBNPOBITHUKOBUX TpwianiB - tupuctopie GTO, mo 3amukaroThcsa, abdbo
OIMOJSIPHUX TPAH3UCTOPIB 3 130Jb0BaHUM 3aTBOpOoM IGBT.

KnacugikaniiiHumMu o3HakaMu CXeMH MOKHA BBaXKaTH HAsIBHICTh EMHICHOTO
BX1JTHOTO (1IbTPA 1 BKIFOUCHUX MapajieIbHO KEPOBAHUM KITF0OUaM Ha TPaH3UCTOpaxX
JO/IB 3BOPOTHOTO CTPyMYy. 3a paxyHOK MOYEPrOBOIO MEPEKIIOYEHHS BEHTUJIIIB
MOCTIMHA BXiJHA HaMpyra TMEePEeTBOPIOETHCS B 3MIHHY MPSIMOKYTHO-IMIYJbCHY
BUXIHY Haripyry. PerymioBanHsa BuxigHoi Hanpyru AIH moske 3piificHioBaTHCS
JIBOMA CIIOCOOaMu:

- ammuniTyaauM (AP) 3a paxyHOK 3M1HU BEJIMYMHH BX1JIHOT HATIPYTH;

- mwmpoTtHo-imMnyascHuM  (IIIIM) 3a  paxyHok 3MiHM  Tporpamu
MEePEKIIFOYEHHS BEHTUIIIB.

Uepe3 kepoBaH1 KIIIOUI CXEMHU MPOTIKAE aKTUBHA CKJiagoBa ctpymy AJl,
yepe3 niomu — peaktuBHAa. Kouaencarop ¢inmbTpa € pKepenoM peakTHBHOI
MOTY)KHOCTI, crnokuBaHoi AJl, dYepe3 HBOrO 3aMHUKAETHCS 3MIHHA CKJIaJ0Ba
BX1JTHOTO CTpyMY 1HBEpTOpA.

Cnemianbni  anroputmu  [IIM-kepyBanus AIH kpim  perymtoBaHHS
3MIMCHIOIOTh TAKOX MOJINIICHHS TapMOHIMHOTO CKJIaJy BHUXIJHOI HANpyr#, IO
3a0e3nevye BUCOKUNA CTYIIHb CHHYCO1IalIbHOCTI cTpymy AJl.

Y raneMoBoMy pexuMi enektponpuBoga AIC mpamroe B pexumi
BUTIPSAMJISIYA - 3MIHIOETHCS TOJIAPHICTh BUXIAHOI HANMpyrd Mpu 30epeKeHH1
HANpsMKY CTPyMy, a MEPEKHHI KEPOBAaHHUN BHUIPSAMIIAY MEPEXOIUTH y PEKUM
3aJIe)KHOT0 1HBEpPTOpA.

[IepeBaru naHoi CTPYKTypH:

1) peanizanisi ABUTYHHOTO 1 FaJIbMOBOT'O PEXHUMIB 311MCHIOETHCS TUM CAMUM

KOMIIJICKTOM BGHTI/IJ'IiB;



36

2) miABWINEHA CTIMKICTh B aBapiiHMX pEXHMax 3aBISKH HasSBHOCTI
IHIYKTUBHOCTI B KOHTYpI IPOTIKAHHS CTPYMY;

3) BIACYTHICTh CHEIIIaJbHUX BHMOT JI0 JUHAMIYHUX XapaKTEPUCTUK
tupuctopiB AIC 1 MOXIIMBICTh BHUKOPUCTOBYBATH 3BHYAIHI OJHOOIEpALliiHI
TUPUCTOPHU.

Henoniku cxemu:

1) criokvBaHHA 3 MEpEeXl PEaKTUBHOI MOTY>XKHOCTI IIPU PETYIIOBaHHI yepes
poOOTY KEPOBAHOT'O BUIIPSIMIISIYA;

2) oOMexeHHid Iiama30oH PETyiIoBaHHS 4dacToTh fi Ta MIBUAKOCTI) depes
YAaCTOTHY 3aJICKHICTh €MHICHOTO omopy KonjaeHcatopiB AlIC, oOmexeHa
MOXJIMBICTH peaizaiii anroputMib [1IIM - kepyBaHHs;

3) mocuth TBepHl OOMeEXeHHs chiBBigHOIIEHHA TOTykHOCTI AIC 1 A/,
HEMOKJIUBICTh pOOOTH MpH BiAKIIOYeHOMY A/l, 1 B MHOTOJIBUTaTE€IbHOMY IPUBO/II
3 YUCJIOM, 110 3MIHIOEThCS, A/l;

4) HeciHycOiganbHICTh CTpyMy AJl 1 HasBHICTb KOMYTALITHUX BUKHIIB Y
KPHUBIiM BUX1IHOI HAIIPYTH.

PozristHemMo poOOTy eNeKTpOonpuBOAa HAa OCHOBI aBTOHOMHOI'O 1HBEpTOpa
Hanpyru 3 LM, sikuif MiCTUTh HEKEPOBAaHUM IOAHBIA CUIIOBUM BUINIPSAMIIIOBAY W
AIH IIIM [14].

PerymoBanHs yactoTH fi 1 BemmunHu BUx1AHO1 Hanpyru U 3A1ICHIOETbCA B
AIH 3a paxyHOK BUKOPHUCTaHHS alTOpUTMIB BUcokoyacToTHOTro [IIIM-kepyBaHHS.
Yactora IIIM 3Buuaiino ckiamae Big 2 nol2 k[, Tob6ro B Oarato pasiB
nepesepirye BuxigHy uactoty AIH. KpuBa BHXIIHOI Hampyru sBisie COOORO
BHCOKOYACTOTHY JIBYXMOJISIPHY TMOCIIJIOBHICTh MPSIMOKYTHHUX iMIyJbciB. YacTtoTa
IMITyJIbCIB Oye Bu3HadaTtucs yactotoro IIM, mmpuHa iMITyabCIB MOIYTIOETHCS
M0 3aKOHYy CHHyca TMpOTSAroM TMepiody. ToJai CTBOPIOETHCS —MPAKTUYHO
CUHYycOifampHa opMa KPUBOI BUXITHOTO CTPYMY.

Ho cwnoBux kmouiB AIH IIIM npen'sBiasitoTbCs BUCOKA BUMOTH 10
MIBUJKOMIT 1 3MEHIICHHS JUHAMIYHUX BTpar. Y peXHUMI TrajbMyBaHHS

enektporipuBoa AIH 13 pexumy 1HBEPTYBaHHS NEPEBOAMUTHCS B PEXKUM
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BunpsiMisiya. Ha Bxoi iHBepTOpa MOJISIPHICTh HANpyTH Oyjie 30epiraTucs, a CTpyMm
OyZe 3MIHIOBaTH HampsMOK. TaKMM YMHOM JUIsl peaii3alii rajJbMyBaHHS CXEMY
CJIEKTPOIIPUBOAA HEOOXIJHO JIOMOBHUTU CHUJIOBUMHU €JIEMEHTaMH (KE€pPOBaHUM
BBIIIPSIMJIFOBaY€M) 1 TaJIbMIBHUM PE3UCTOPOM Y JaHIl MOCTIMHOI Hampyrw ajs
3MIMCHEHHS  €NEeKTPOJAMHAMIYHOrO TanbMyBaHHS. HeEoOXiAHICTh BKIIIOYEHHS
JIOJIATKOBUX CHJIOBHX €JIEMEHTIB JIJIsl peaiizallii raJlbMOBUX PEKUMIB € HEAOTIKOM
PO3TISIHYTO1 CTPYKTYpH eliekTponpuBoaa Ha ocHoBl AIH M.

[lepeBaru cTpyKTYypH:

1) mmpoKwmii 11arma3oH peryatoBaHHs 4YacTOTH 1 MIBUIKOCTI;

2) HEKPUTUYHICTh 1O MOTYXHOCTI(Y MEXaxX MPHUITYyCTUMOI) 1 KUIBKOCTI
nigkimoueHnx  AJl, MOXIHMBICTE poOOTH B PEXKHUMI XOJOCTOrO XOAy, MpHU
BiAKIIOYCHUX AJ;

3) BHUCOKe, OJM3bKe 10 OJIMHMIN 3HAYEHHS Koe]illieHTa MOTYKHOCTI Mepexi
(cos@) y BciX pexxuMax poOOTH;

4) CcHUHYCOIJAJBHICTh BHUXIAHOTO CTpyMy, IIaBHEe oOepranHs AJl Ha
MIBUKOCTSIX, OJM3bKUX 10 HYJIHOBUX;

5) BHCOKI JAMHAMIYHI MOKAa3HUKU E€JIEKTPOINPHUBOJA, OOYMOBIIEHI BHCOKOIO
mBukoaiero HIIM-kepyBaHHS.

[TopiBHSIHHA JIBOX CTPYKTYPHHUX CXE€M €JEKTPONPUBOJY TIOKA3ye, IO
CJICKTPONPUBO, HA OCHOBI TmiepeTBoproBada dyactotu 3 AIH € Ouibm
yHIBEpCaIbHUM, HIXK eJeKTpornpuBoj Ha ocHOBI AIC. B sikocTi mepeTBoproBayiB
4acTOTH JUIsl cucTeM peryiiboBaHoro EI1 MoxXyThk 3aCcTOCOBYBaTHCS MEPETBOPIOBAUl

YacTOTH sIK Ha 0a31 aBTOHOMHMX 1HBEPTOPIB, Tak 1 6e3nocepenni [TY.

2.2 BuOip enexTpoaBUryHa Ta MepeTBOpPIOBAYa YaCTOTHU

BinmoBigHO 10 po3paxoBaHOi paHimie mMOTpiOHOI MOTYKHOCTI At paboTH
HacocHoro arperaty 160 kBt i1 3aganuM iioro HoMiHaIBHUM 0OepTaM BHOUPAEMO

oOunblI cyvacHuid 1BuryH tumy AIP 315 S4  [6].
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Tabmuus 2.1- Xapakrepuctuku npuryHa tuny AIP 315 S4

[Tapamerp [To3HaueHHs Ta BeJIMYUHA
[ToTyxHiCTBH Py=160 kBt
Hampyra Uys=380B

Yacrora o0epTaHHs NOJIs CTaTOpa n,= 1500 06/xB
KoB3anHs HOMIHAJILHE Si=2,5%

KK n =94,9%
KoeoiwieHT noTykHOCTI cosg =0,9
HominansHuit ctpym I[=288A

KpatHicTh MakCUMaIbHOTO MOMEHTY AM =Mmax/Muon = 2,0
KpatHicTb MyCKOBOIO MOMEHTY An=Mn/Mson = 2,1
KpatHicTb mycKOBOTO CTpyMy ki =In/Tson= 6,9

B nHam yac mmpoko BigoMuMu € neperBoproBadl yactotu tuimy ACS 600 3
IPUHLIMIIOBO HOBOIO CHUCTEMOIO KEpPYBAHHS €JIEKTPONPHUBOAOM, IO 3a0e3neuye
Oe3rnocepeIHe KepyBaHHS MOMEHTOM.

VY mifi cuctemi BUKOPUCTOBYETHCS MaTeMaTHYHAa MOJEIb JBHUIYHA, sKa
aBTOMATUYHO KOPErYeTbCA 3a JIONOMOIOK BEIWYWH, BUMIPIOBAHUX JaT4YMKaMU
CTpyMy M Halpyru W 3aBISKH SIKIM KOXKHI 25 MIKPOCEKYH]T KOPEKTYIOThCSI CUTHAIIN
KEpPYBAaHHSI IHBEPTOPOM.

3a paxyHOK BHMCOKOi YaCTOTH KOPEKTYBaHHS MOJEJl JBUTYHA W CHUTHANIB
KepyBaHHSA 1HBEPTOPOM TIJBUINYETHCS IMIBUAKOMISI W TOYHICTH OOpOOKHU
HEOOX1IHUX NapaMeTpiB €JEeKTPONpPUBOJA, 3HAYHO PO3IIMPIOETHCS JAlaa3oH
pEryItoBaHHs MIBUAKOCTI 00€pTaHHS BUT'YHA, OKPAILYETHCS TAPMOHIMHUNA CKIaa
CTpyMy JBUTYHA, 3a0€3Me4Uy€eThCsl MIATPUMKA 3a/1aHOT0 MOMEHTY HaBITh Ha JIyKe
HU3bKiHl (y TOMY 4YMCHIi HYJIbOBIN) 4acTOTi oOepTaHHsA. Bymo mpuilHiTe pimeHHs

oOpaTu came TaKui TUII TIEPETBOPIOBava 4acToTH (Tad. 2.2).
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Tabmuus 2.2 — Ilapametpu nepetBoproBaya yactotu Tumy ACS 600

[TapameTp 3HaYeHHs

Hamnpyra xusnenns (Tpudazna) 380 +/-10%
400 +/-10%
415 +/-10%

Hominansuuii Buxiguuit ctpym (i) 300 A
Hominansna notyxHicth q8urysa (Py) 160 kBt
Yacrora 48...63 'y
KoeditieHT moTy)HOCTI (COSQ) 0,97

KK/l npu HOMIHaIbHIN TOTYHOCTI 98%
CryniHp 3axucrty 1P22

Ha pucynky 2.8 mpexacraBiena ¢yHKIIOHaIbHA CXE€Ma IMEepeTBOpIOBayYa

gactoT ACS 600.

BAFUS SAFUI
0) ®
SAFUL BAFUC
248 — 2 @ p
e KED vl (vl |
&N B |B
. uz2
B | ﬁ/j
ﬂ ——— V2 M
w1 j— 1 -
T ...h‘ ....... W2
. 4 5 6
&N (&Y |&
ARR
®
@ \lﬁ\ 1| I‘l”6
® L [ | A
[Oooooa]l ] I JL ; o
OO0 Lgs -
L L] L]
l{e}
Vo @ > @

Pucynok 2.8 — @yHkiioHansHa cxema neperpoproBada yactoru ACS 600
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Jlana cxeMa MICTUTh Taki OJIOKH:
1 - 610K mKepena KUBICHHS,
2 - 6JIOK KOMYTalIiHOI anapaTypH,
3 - OJI0K MEpEKEBOTO BUNIPSMIISIUA,
4 - 610K KOH/IEHCATOPHOI OaTaper,
5 - 610K 1HBEpPTOPA,
6 - TUTaTa KEPyBaHHSI CHJIOBUM KOHTAKTOPOM,
7 - IKepeno ONnepaTuBHOI HAMPYTH,
8 - T1aTa IMIyJILCHUX IT1JICUIIIOBAYIB,
9 - maTa HeHTPaIbHOTO MPOoIlecopa,
10 - mnata iHTepdeicy,
11 - mnara KJIEMHHUX KOJIOJIOK,

12 - nnaTta KkepyBaHHs.

3 4 A
~ J / L 1 { "
1 ‘D"‘ T _%” ~177

Pucynok 2.9 — biiok-cxemMa CHi0BO1 YaCTUHU NIEPETBOPIOBaYA YaCTOTH

ACS600 13 mecTUITyJIbCHUM MEPEKHUM BUIPAMIITYEM

Pucynok 2.9 saBisie co6or0 0JIOK-CXeMYy CHIJIOBOI YaCTHHHM MEPETBOPIOBaYA
yactotd ACS 600 13 mecTUnyI5CHUM MEPEKEBUM BUNIPAMIITUEM, JIE:
1 - 670K KOMYTAIlIIHOT anaparypu
2 - GJIOK MEpEkKEBOTO BUNIPAMIISTYA
3 - 00K KOHJIEHCATOPHOI Oarapei
4 - 610K 1HBEpTOpa

S - aCUHXPOHHUM JIBUTYH.
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2.3 Bu3Ha4YeHHs MapaMeTpiB CHCTEMH €JeKTPONPHUBOIA
['on0oBHMMU TapamMeTpaMu, SIKUMH MOYKHA XapaKTEpHU3yBaTH HOMIHAIbHUUN

pexum AJl, € HOMIHaJIBHI 3HaYEHHS BEJIMYMHU MPUBEACHOTO CTpyMy poTopa I 2u
Ta BEJIMYMHU HAMarHiyyro4doro crpymy I, .. Ilpuiimaemo Benuuuny ctpymy [«
PIBHOIO CTPYMY XOJIOCTOrO XOAY l.x (Tak sIKk mpu po3roHi ABUTYHA BiJl XOJIOCTOTO
X0y [0 HOMIHAJbHOTO pEeXUMY WOro MAarHiTHUM TMOTIK MPaKTUYHO HE
3MIHIOETHCSH).

Buznauumo BemnumHu ['2¢  Ta [, 4 BHUKOPHUCTOBYIOUM XapaKTEPUCTUKH
nBuryHa (taom. 2.1).

BuznaunmMo HOMiHANIbHUI CTpyM cTatopa [S]:

P, -10°
A , (2.25)
\/g : UIH COS @H

ne  Puow — HOMIHQJIbHA MOTYKHICTD,
Uix — HOMIHAJIbHA HATIPYTa,

COS(y - HOMIHAJIBHHUM KOE(DII€EHT MOTY>KHOCTI

| = M =269,364
\/3:380-0,9
HominanpHa MIBUAKICTH
100z(1 -
- 100md=5,) (2.26)
2
e Sy — HOMIHaAJIbHE KOB3aHHS
. 100z(1-0,025) 15315 ¢!
HominansHHE MOMEHT
P
M, =—= (2.27)
a)H
. _ 160000 _ 1,045-10° H-m
153,15

MakcumManbHUH MOMEHT

M, =M, 2, =1045-10° -2 =2090 H-m. (2.28)



Ha migcraBi BigoMuX piBHSHB JIJIs1 KPUTHYHOTO KOB3aHHS:

S

S—k:ﬂM +4J A, —1

H

S, =S, (A ++Ay —1)
S, =0,025(2 +~/2> —=1)=0,093,

MOYKHa OJEP/KATH BEIUYMHY NPUBEIECHOTO CTPYMY pOTOpa

22,

Ay w2 1

I, =1, -cosg, \/

I, =269-09 |—22 _ _251A.

2+4/2% —1

Buznauaemo cTpym HamarHiayBaHHS
cos @, )
Ay + \/m ’
0,9

2++/2% -1

IﬂH =1, (singp, —

1, =269-(0,46 -

)=52,45A.
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(2.29)

(2.30)

(2.31)

(2.32)

Biarenep BusHauaemo napamerpu T-moaiOHOI cxemu 3aMitieHHs (puc. 2.2).

[TpuBeneHuit akTUBHUI O1ip poTopa (IpHu KoB3aHHI S=1):
R' _ (PHOM + APMBX) ) ﬂn ~ ﬂ’n (PHOM + A]DMex)
31-5,)- (1507 30-8)-k" -1,

ne Puow — HOMIHAJIbHA MOTYKHICTH JIBUTYHA,

APyex — MEXaHI4H1 BTpaTH B OOMOTIII CTaTOpa,
k; — 3a;aHa KpaTHICTh ITYCKOBOT'O CTPYMY.

R = 0.9:160000- 101 _ oo
3(1-0,025)-36- 72554

(2.33)

KO aKTUBHUK OMIp CTATOPHOIO KOJa HEBIJOMHI, TO MOXHa MOro

po3paxyBaTH

U21HOM (1 -S

HOM )

20,101 P, Ay (14 )
Sk

R =

b

(2.34)
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ne Ci=1,02+1,06 — BenuunrHa KOeili€eHTY HACMUEHHS MAarHITHOTO KOJa,
AM — CITIBBIJHOIIIEHHS MOMEHTIB JJIsI TAaHOTO JIBUTYHA.

2 J—
R = 3807 - (1-0,025)

2-1,06-1,01-160-10° -2-(1+

=0,0 .
1,06 ,011 Om

0,093

)

3HaXOI[I/IMO BCIIMINHY Xk 4epe3 BUpa3 IJIsI KPpUTHIHOI'O KOB3aHH:.

RI
S, =—2 (2.35)
R+ X%
R!
X =GB =R’ (2.36)
Sk

X, = (0’042)2 ~0,011% =0,454 Om
0,093

Toni MokHa po3paxyBaT HIYKTUBHUM OIip KOHTYPY HaMarHiuyBaHHS:

U
X = _lwow (2.37)
7]
I, 3
=30 40w
52,45-/3

BuzHauaemo 1HIyKTUBHHI OIIp cTatopa Ta MPUBEACHUN 1HAYKTUBHUN OIIp

potopa:
X
X, = 7" = O,Zj =0,227 Om , (2.38)
X
X,=ZL= % ~0.222 Om. (2.39)
1 ’

3natoun HomiHanbHUI KKJ[ Ta koB3aHHS N1BUryHa, BU3HA4YaeEMO BTpaTH B
CTaTOp1, POTOPI1 Ta MMOBHI BTPATH B HHOMY.
JloiaTkoB1 BTpaT B 0OMOTIII CTaTOpAa:
AP, =0,005-P, , =800 Br (2.40)
BTtpartu B 00MOTLII cTaTOpa i JOJATKOB1 BTPATH:

AP, =3I, 7R +0,005-P, (2.41)

1Hom om
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AP

1nom

=3-.269°-0,011+ 0,005 -160000 = 3188 Bt
MexaHi14H1 BTpaTH:

AP . =001-P (2.42)
AP, . =0,01-160000 =1600 Bt

BTtpartu B poTopHOMY JaHIIO31:

AP, =L ¥ APye) 5, LOL- Py, oS, (2.43)
) 1-S, 1-S,
AP, = 1,01-160000 - 0,025 _ 4143 Br.
1-0,025
CymapHi BTpaTH y ABUTYHI:
1—
ZAPHOM = PHOM ' (ij s (244)
m,
SAP, , =160000 - (1 — 0’93j =12043 Br.

Brpatu B ctaneBomy ocepai craropa:

=2AP,,  —(AP,,, +AP,,  +AP

lc.nom HOM

AP )=12043-8931=3102 Bt . (2.45)

HOM 2HOM

2.4 Ckaaaa”HHs cXeMH 3aMilleHHd Ta mnoOyaoBa  MeXaHiYHMX i
IIBHAKICHUX XapaKTEePUCTHK

[Ipn gociiJKEHHI CTaTUYHUX PEXKUMIB 3aCTOCOBYIOTHCS  HACTYIHI
MPUITYIICHHS:

- XapaKTepUCTUKAa HaMarHiuyBaHHS JBUTYHa [pUIMAaeTbcd KyCOYHO-
JIHINHOIO;

- e(peKT BUTUCHEHHS CTPyMY 1 aKTUBHHUU OIIp JAHIIOTa HAMArHIYyBaHHS HE
BpPaxOBY€TbHCS;

- pa3H1 OOMOTKM MaIIMHU BBAYKAIOTHCSI CUMETPUYHUMHU.

I{i mpumymieHHs BBa)KalOTh MOCTIMHUMH HapaMeTpU CXEMU 3aMIllIeHHS U
CHPOLIYIOTh PO3PAXYHKOB1 (POPMYJIH, JUIIE HE3HAUYHO 3HMUKYIOUU IXHIO TOYHICTb
(moxuOka 3a3Bu4ail He mnepeBulnye 5%). OnaHak BTpaTH B CTall M HETIHIMHICTH

XApaKTCPUCTHUKHU HaMaI‘HiLIYBaHHSI BPaxOBYIOTBCA Yy BHIIAAKAX, KOJIX HHMH HC
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MO>KHA 3HEBAKUTH: MPU aHAJI31 CHEPTETUYHUX MOKA3HUKIB 1 HArpiBaHHSA, a TaKOXK
IpU JOCTIPKEHH] XapaKTepUCTUK ABUTYHA B PEKHUMAX, K1 MOB'A3aHI 31 3HAYHUM
HACHYEHHSIM HOro MarHiTonpoBoay. Kpim Toro, mpuiiHATE NPUIYIICHHS PO
HE3MIHHICTh MIBUAKOCTI Baja MAIIMHHU MPOTITOM NEPIOy YaCTOTH >KHUBISYOI
HaIpyru.

[cTOTHMII BIUIMB HA CTATUYHI XapaKTEPUCTHKU JIBUTYHA MOXYTh 3pOOUTH
napamMeTpH MepeTBOPIOBaYa 9YacTOTH. BBOIMMO HACTYITHI IPUITYIIICHHS

1. TlepeTBOoproBad Mae KaHAJM HE3AJIEKHOIO PEryJlOBaHHS HAINpyrd U
YaCTOTH.

2. IlepeTBOoproBad BUKOHAHHWM 3a CXEMOIO, IO 3abe3medye BUIBHHA OOMIH
pPEaKTUBHOI €Heprii MK MEepeTBOPIOBAYEM 1 JIBUTYHOM. Y 3arajJilbHOMY BHITQJIKY
MoxBa podota cuctemu [TY-AJ] B pymiiiHOMY pekuMI MapageabHO 3 MEPEKEIO.

3. TleperBOproBad HEe OOMEXKYy€ CTPyMiB 1 Halpyr JBUTYHA B OY/b-SKOMY
pexuMi poOOTH. XapaKTepUCTUKH BXIJI-BUX1J MEPETBOPIOBAUIB MO YacTOTI ¥ IO
Hanpy31 JIHIIHI.

4. Ilpomecu koMyTallii B CTaTMYHUX NEPETBOPIOBAYaX HE BIUIMBAIOTH HA
dopMy BuXigHOI Hampyru (abo CTpyMy Yy BHUIAJKy IHBEPTOpPIiB CTpyMy) 1 Ha
30BHIIIHIO XapaKTEPUCTUKY MEPETBOPIOBAYa YAaCTOTH HE 3ajeXaTh BiJl TOTO, IO
NPUHHATHO J71s1 9acToT O1r3bko 100 'y 1 Hukue.

5. dopMa ¥ aMmIUTiTYyAa BUXITHOI HANpPYTH TEPETBOpPIOBAYa YacTOTH HE
3alieKaTh BiJl Koe(illieHTa TMOTY>KHOCTI HaBaHTaxeHHsA. Lle mpumymieHus
BIJIHOCUTHCS B OCHOBHOMY J0 TpHU(a3HMX MOCTOBUX 1HBEPTOPIB HAIMpPYTH, IO
MPAITOTh 3 KyTOM MPOBIAHOCTI TjIeda MOCTY Oonc—=120° 1 moaioHi M.

6. Buxinna Hampyra CcHUMETpUYHAa W CHHYycCOiJajibHa. 3 HaBEACHUX
MPUMYLIEHb BUAHO, IO MO CYTI BOHU 3BOJSTH NMEPETBOPIOBAY JO PEryJIbOBAHOIO
mxepena cunycoiganbHoi EPC (abo cTpymy) 3 HeoOMEXeHO0 MOTYXHICcTI0. OTHaK
TUIBKM TaKe IMEepPEeTBOPEHHS JO03BOJISIE HAWOUIbII MOBHO BHUSBUTH TpPaHUYHI
MOXJIMBOCTI ~ACHMHXPOHHOI ~MAaIIMHHU, JIOCUTh TPOCTO OJIep)KaTH OCHOBHI
3aKOHOMIPHOCTI, 3HATH HAWOUIbII JOLIbHI CTPYKTYpPH CXEM aBTOMATHYHOTO

KEPYBAaHHS.
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[TpuitHATUMU TPUMYHIEHHAMH OOYMOBIIIOETHCSI HE3MIHHICTh OIOPIB CXEMU
3aMIIIEHHS TIPU JIaHiil 4acToTl. 3acTocoByeMo T-moiOHYy cXeMy 3aMilleHHs, 110
npuBefeHa Ha pucyHky 2.10. InmyktuBHi omopu Xo, Xi, X2 BIINOBIAAIOTH
BEJIMYMHI HOMIHAJIBHOT YaCTOTH.

[Ipu mnpoBeneHHI aHamizy 1 pPO3paxyHKIB BHKOPUCTOBYEMO HACTYIIHI
MO3HAYECHHS.

BigHocHa yacTora craTtopa - BIJHOIIEHHS YacTOTH CTPyMy cCTaTtopa 10 ii

HOMIHAQJILHOT'O 3HAYECHHS.

a = (2.46)

I I - X0 de 22a
o I Y
2
ﬂ ’
r,of
Uiy e ° XX ﬂ
A=A
(o

Pucynok 2.10 — Cxema 3amimenss ¢asu A/l mpu 4acToOTHOMY KepyBaHHI

BignocHa wuwacrora portopa (mapamerp aOCOJIOTHOTO KOB3aHHS) -
BIJIHOIICHHS] a0COJIOTHOI BEJIMYMHU KOB3aHHS A ® /10 CUHXPOHHOI HIBUIKOCTI
o0epTaHHs TPU HOMIHAJIbHIN Y4acTOTI:

Ao o -0 _ f

Oy Oy Jiu

b= (2.47)

[TapameTp B BUKOPHCTOBYETHCS 3aMICTh KOB3aHHS S 1 MOB'SI3aHUM 3 HUM

CITIBBIIHOIICHHSIM:

o fi-fiw «

Binnocna Hampyra Oyze piBHOIO:

s-Ae_ Lol B (2.48)
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(2.49)

(2.50)

(2.51)

7/ =
Uy
KoeditienTr po3citoBaHHS BIAMOBIIHO JJIsI CTATOPHOTO M pOTOPHOTO KOJa:
X 1
T, = ¥
7]
_ X,
T, =
X

Toni 3aranpHui KOe(IIIEHT PO3CIFOBAHHS
T=7,+7,+7,7, .
Kpim Toro, BBeJIeMO no3HAaYEHHS KOE(DIlIEHTIB
b=rl(1+72)
C=XU-T
d=rl/x u

e=1+71 .

(2.52)

(2.53)
(2.54)
(2.55)
(2.56)

AHami3 1 po3paxyHKHM BCTAHOBJIEHOTO PEXHMY IPUBOJUTHCA B JIHOYMX

3HAUCHHSAX BEIMYMH. Takum YHMHOM, 3 PO3PaAXYHKY BI/IHIGHpI/IBCI[CHO.l. CXCMHU

3aMIIIEHHS OJICPKYEMO:

- BEJIHMYHUHY €JNEKTPOPYMIHHOT CUIHU

Eia =E,, =Usya

U, y B(B)

Oa=
C - fi, VA, p)

- CTpyM cTaropa

ha=u, .y |-CP)
(N

- TPUBEACHUN CTPYM pOTOpa

I,ZOL: UH e

B(B)
A(e, B)

- BEJIMYMHY MarHiTHOrO MOTOKY Yy MOBITPSHOMY 3a30pi

(2.57)

(2.58)

(2.59)

(2.60)
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- CTPYM HaMarHiuyBaHHS

7 . | D)
I,=U,y /A(a’ﬁ) (2.61)

- BCIIMYUHY CJ'ICKTPOMaFHiTHOFO MOMCHTY JIBHUI'YHA!

ml'Uz_ 2 h'B

H

o, | Aa.p)

v IIPUBCACHUX HHKXYC BUPA3aX HpHﬁMaGMO HaCTyrlHi IIO3HAYCHHA .

M, = (2.62)

Ala,B)=b* +c*-a®)p> +2r - n," 20 +(d* +c*-a)-n"  (2.63)

B(B)=r"tx," B’ (2.64)
C(B)=n'1x,’+(+1,)* B (2.65)
DB =nr"1Ix," +1,°B’ (2.66)
Cl=444wl-Kow — BeluyMHAa KOHCTPYKTHUBHOI MOCTIHHOI (ha3HOi

OOMOTKH CTaTopa ABHUI'YHA.

Yacrora obepTanHs yepe3 KoedilieHTr o1 f3:

wo=0,a-p) . (2.67)
>° :; ] f=5oly el
- e
L~
B =
————t fA40rg |

e I

::: =

. , Y
4 Y, Wd 7
_ %7

- /i

e/

”-\ca/ /1{/
— . A VY
et L LA
o L]

e [/l

o ]

ol L]/

tily M, Hu

Pucynok 2.11 — Mexaniuni xapakrepuctuku cuctemu [T4U-AJl M = f (a))
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Ii, A

Pucynok 2.12 — CrpymoBa xapakrepuctuka cucremu [T4-AJl 1, = f (a))

o, C’!

g & 3 8 2 3 8 8 %

N
o0 o &b

——— 1 ]
\\\JC . S0 /¢
o~
MM"“*—--‘_ \\
T~ FE2d/« \
~N \
B — N\ \
— = \ \
] fH30/y
\
\\.__ \ \
T £ R0y \
N {
\ \
NI =o iy |\
\ |
\ L

0

3333 6667 100 13333 16667 200 23333 26667 300 33333 36667 400 43333 46667

L, A

Pucynok 2.13 — [lIBuakicHa xapakrepuctuka cucremu [TY-AJl 1, = f (a))
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2.5 Po3paxyHOK eHepreTHYHHUX NMapaMeTpPiB CHCTEeMHU

[lpu nochmigKeHHI EHEPreTHYHUX TMapaMeTpiB HAWOUIBII BaroMUMHU €
NOKa3HUKHU BTpAT B MIJHUX OOMOTKax cTaTopa Ta pPOTOpa MAIlMHU, & TaKOX
BTpaTH B CTaJIEBUX OCepAsX cTaTopa il poropa [5]. Takox AOLIIBHO BpaxOByBaTH
MEXaHI4H1 BTpAaTH Mpo poOOTI ABUTYHA.

Brpatu B MimHiii 0OMOTIII cTatopa MPEACTABISIEMO SIK CyMy BTpaT Bij

cTpyMy XX (X010€TOro Xoay) Ta pododoro ctpymy. Ilpu nbomy ctpym craTopa:

L, =(+20)0," +1,,° . (2.68)
Btpatu B MiziHIM 0OMOTIII cTatopa OyIyTh PiBHI:

P, =3x1(1+27,)1,,'" +3r1,,°, (2.69)

e
SKIII0 BUPA3UTH BIJIMOBIHI YaCTKH BTpAT Yepe3 3arajibHi BTPATH B HOMIHAJIbBHOMY

peXUMI1, TO MOXKHA OTPUMATHU BUPA3:

P,=P,'t*+P, 1, (2.70)

eoH” u >
Tyt t=1,,"'/1,,"- BenIu4nHa BIIHOCHOTO IPHUBEIEHOTO CTPYMY pOTODA,

t,=1,,/1,- BeIMINHA BITHOCHOTO CTPYMy HaMarH14yBaHHs,

P, ' P - BTpaTu B MiJHI# 0OMOTIII CTATOpa B HOMIHAJLHOMY PEXKHUMI.

eln » ~e.o.n

Skio BpaxoByBaTH BiJOM1 3aJIEKHOCTI OKPEMHUX CKJIAIOBHUX BTpaT BiJ
BEJIMYMH MOTOKY, CTPYMY 1 9aCTOTH, TO, IPEACTABIBIIH iX y BITHOCHUX OJIMHUIISX,

YCi BTpaTI/I I[BI/IFYHa HpeI[CTaBJ'DIIOTBCH BI/IpaSOMI
P_=p 245 ¢)2 + 2 2.71
em IT () ae.oT,u ( . )

ne P, =P, / P, -BenuunHa BITHOCHUX €JIEKTPOMArHITHUX BTpaT,

€
p,=4a, +a, — BeIMUMHA KOE(DILI€HTY, IO XapaKTepU3ye 3MiHHI BTpaTH y
MIJHUX OOMOTKaxX cTaropa il poTopa BiJ BEIUYHHU cTpymy [2a',
S8\ =4a., +a,,’ - BeIM4MHA KOCOIII€HTY BTpaT y CTaleBOMY OCEpJi CTaTopa,

JcC:

a,, —KOHCTPYKIIHHI KOe(IIIEHTH, BEIUYUHU SIKUX JIEKATD Y

ce?d ce

ael’ ae2’ an’ a

MEXax
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a, ~028+032,a,, ~a,,a,,=002+0,06,a., +a.,=022+0,19.
CriBBIAHOIIEHHA LMX KOEQILUIEHTIB a,/a, 3aJEXKUTh Bl XapaKTEPUCTUK

CTajJeBOro ocepis (Mapku CTalli Ta TOBIIMHU CTaJI€BUX JIUCTIB).
Biarenep moxHa pospaxyBatu KKJ[ nBuryHa 3 BpaxyBaHHSIM €HEPreTUYHUX

MOKA3HUKIB MOT0 poOOTH:

P'(p1’+ 51(a)g02 + aeoryz)

n=1- (2.72)

w 2 2 2
u—+P'(pr° + 51(a)(p +a,,7,

H

ne P)'/P,'=P,6/M,w, —BeInuluHa IOBHUX HOMIHAJbHUX BTPAT, IKa OEpeThCs

'
H 2

y 4acTKax BiJl BETUYMHU MEXaHIUYHOI MOTY>KHOCT1 P,
u=M, /M, —BenMUNHA BITHOCHOTO €JIEKTPOMArHiTHOrO MOMEHTY.
3 nitepaTypy BiJIOMO, IO BEJIMYMHA MEXaHIYHUX BTpaT JBUTYHA 3aJICKUTH
B1J1 HOTO KyTOBOI IIBUJIKOCTI ® :
P, =P, (0 w,)", (2.73)
nen=1+1.5.
Sk110 He BpaxoOBYBaTH KOB3aHHS , TO MO>KHA 3aIKMCaTH
P, =P, ,(ol/on)" =P, ,a" (2.74)
1€ ol - KyTOBa IMIBUKICTh OOEPTaHHS MarHiTHOTO TOJISI CTaTopa.
Biarenep 3amuimemo BeTWYMHY TOBHUX BTpaT ABWUTYHAa Y BITHOCHHX
OJIMHHUIISIX
p=p,0l+8,(@)p’ +a,tu’ +a,a" (2.75)

e p,=a,+a., - BEJIMYMHA KOE(QIUIEHTY 3MIHHUX BTpaT (TyT

!

BPaxOBYIOThCS JIOJJaTKOBI BTpaTH), BeIMunHa a,, =0,33
2 .. .
0,(a) = ag, +ag z” - BennunHa Koe(illieHTy BTPAT B CTAIEBOMY OCEp/i,
a, =P,/ Py =0,09+0,06- BenuunHa KoeillleHTY MEXaHIYHUX BTpAT.

3anumemo moBHMM Bupaz aua  mexaniuHoro KKJI, BpaxoBytoui

BUILICTIPUBECHI (DOPMYITH:
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Pu (p2T2 +0, (a)§02 +a,,T, +a,a”

n=1- , (2.76)
w 2 2 2 n
ILloa)7+PH (p7" +6,()p" +a,,tu” +ay,2
H
abo
' 2 2 2 n
n=1- Pu (pyT" +6,()@" +a,,tu” +aya”) 2.77)

ty 24 Py (7 45,007 + ot

H

ne u=M,/M, - BenuunHa BIJHOCHOIO MOMEHTY Ha Bajly ABUIYHA, sSKa
piBHA  u =g+,

TYT [l,- BIAHOCHHII MOMEHT BTpaT JBUTYyHA, KOTPUIl BPaXOBY€ MEXaHI4HI 1
JOJJaTKOB1 BTPATU Yy HHOMY.

@ =@,/ D, - BeTUUMHA BIJIHOCHOI'O MarHiTHOTO IIOTOKY JBUT'YHA.

BukopucToByrouM OTpHMaH1 BHUILIE BHpa3W I BEJIWYMH BTpPAT, MOXXHA

3amMcaTty Bupas qjist Cos @

A _Myoy .Ql

cosQ, =—= , (2.78)
S mLU, O,
e
@ ' 2 2 2 N
Ql=ﬂ3a+PH(pzf +5)(a)p’ +a,qt, +aya ) (2.79)
\/(1+212)12+K 72
_ u “p
Q=7 fie2e)rk, ) (2.80)
7
abo
cos @ =MH—(0H% . (2.81)
my - 1,,Uy O,
ne
a) !
Q3 = Up g-l-PH (p1T2 + 51(0:)(02 + aaorﬂz)\/(l +22'2 +K/12) ) (282)

0, =(1+20,)* +K,’7,” (2.83)
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!

ne Ku=1,/1, =026+0.6 . (2.84)
Ha migcraBli mnpoBeneHUMX NEPTBOPEHb Ta  JOCHIIKEHb  OJEPKUMO

3QIIEKHICTh Benuuuu COS @, Bijx BenWuuH KyTiB o,

re(B)+ar B

CoOS @, = (2.85)
VAl pC(B)
cosp
093
087
08 T~
ST
057 / 1\\ N \
W TR\NN 737
055 [ \\ \ D
| RN N N T
04 ! NN \\\ \“\3{-“-\ o
033 f \‘:\\\\\ ;‘3\‘\
= 3o
027 f \\\\v= c;g\- N\F‘“\.\
02 \"(‘:‘u = k\x —
013 \i\r:\__':“—“
0.067
®e 01 02 03 04 05 06 07 08 09 r S

Pucynok 2.14 — 3anexxHicTb Koe(ilieHTa MOTY>KHOCTI Bl KOB3aHHS COS @ = f (s)

cosp 1
_ fl=1o Ty fd0ly {23004 | fo4aly  fES0ly
08 N R A REN FaX
: /\ ; /1 T \
Py 1 f " )
/ o 2NN A
06 ’/' ,“' | — f
/ :’ E / 1 "‘l '
o v/ y \
L/ !/ ‘.
04 ’7 : /*' ,/l
’o”0 .-/: ’/ 1
”‘;” /// ; ,., l / '
4 VT ¢
02 =e—f = -l T !
e ce=em ] ____’L_‘_,___.-w—"i ! !
: i 1
: 1 J o, ¢!
] 20 40 60 80 100 120 140 16

Pucynok 2.15 — 3anexHicTh KoediieHTa NOTY>KHOCTI Bl INBUJIKOCTI COS @ = f (a))
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]7 1
F=50 [~
-
Al o
08 > == e

’ T L

ll T .4

N A DS S L 25 98
L s o

’ e~

' '/ — \\ -_
It e

T~
e
/
IS SOt It IR ‘_)_Z =40 /2:{
o2 fbrib4——""4p———p——==f S

72NN I I N N N N R B BN
0 S
[ oot 602 002 004 00s 008 007 008 609 0.

Pucynoxk 2.16 — 3anexuictb KKJI Bij koB3aHHs 77 = f (s)

BucHoBoOK 1o posaiiy.
3 rpadikiB, MoOyAOBaHUX 3a PE3YJIbTATIB JOCITIIKEHb, MOXKHA MOOAYUTH,

COS® mu orpuManu Ha ydactoti 50 I'm,

10 HAWBUIIUN KOEPIIIEHT MOTY>KHOCTI
TaKO’XX Ha IIii 4aCTOT1 MaeEMO 1 HaUBHUIIMI Koe]iIlieHT KOPUCHOT i .



55

3 JOCIIAKEHHA ITNHAMIYHUX XAPAKTEPUCTHK
CUCTEMMU EIl

3.1 Po3paxyHok koe(inieHTIB i mapaMeTpiB MaTeMaTH4YHOI MoJeJIi

Po3paxoByeMo MOMEHT iHepIlii 00paHOTo JBUTYHA 32 BUPA30M

;. 8750F, 107
(1500-(1-S,)) ° G-I

Je P, -HOMIHAJIbHA MMOTYKHICTb,

S - HOMIHAJbHE KOB3aHHS.

_ 8750-160-107° -10°
(1500 - (1-0.025))°

=0.655

[HAYKTUBHICTh KOHTYPY HaMarHiuyBaHHs

X

U

I =
“ 10070

IS X u” IHAYKTHUBHHUHU OIIIP KOHTYPY HAMAaruidyBaHH ,

(3.2)

4,2

-2 0,013
“7100-3,14 wl

[HAYKTUBHICTH PO3CIIOBaHHS CTaTOpa
100-7 °

(3.3)

1

ne X,-1HIyKTUBHUH OIIp CTaTopa,

0.227
_ 22l 7507
' 7 100-3,14 [H.

[HAYKTUBHICTH PO3CIIOBAHHS POTOpA

— X 2
Ly =157, (3.4)
ne X, -HaBeJCHNH IHIyKTUBHHUN OIIp pOTOpa

0,222

e — . -3
>~ T00.314 10 Tw

MOBHA 1HAYKTUBHICTbH CTaTOpa
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L =L1+%-Lﬂ, (3.5)

ne L,- IHIYKTUBHICTb KOHTYPY HaMarHidyBaHHS.

L = 0.00072%-0.013 =0.02 MIH.

I[ToBHA IHIYKTUBHICTH pOTOpa

3
Lr :Lz +§L,u’ (36)

L =0.0007 +%-0.013 =0.022 I'n.

3.2 Po3po0ka MmaTreMaTH4YHOI MOaeJi
[IpoBenemMo MOAEIIOBaHHA PEXUMIB ITYCKY Y PO3IMKHYTIHN CHCTEMI,

dt
dy,
C=aq Uy —ay,+agyy,
i WpTAsWg TAcWp
dw; r N r
=-a,¥Y, +ay, -0y, (3.7)
dt
dl)[/r r \) r
—ﬂ:_%qjﬂ TaWsto,¥,,
dt
M gy, :an(W/S} V.V, l//[ri) :
d
J%’: al2(M,, M),
ae
a=a, =1,
R.L
a, =a, =—>—1to , 3.8
P LD -M? G5
R.M
a,=a, =———1to , 39
R A Ve 9
R L
a; =0y =—————10, (3.10)
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ag =a,) =————10 , (3.11)

: (3.12)

c (3.13)

a;, =

Tyr R, R, - akTuBHHIi o1ip (asu craTopa it poTopa BiAIOBIIHO,
L L, - BelIWYMHU IOBHOI IHIYKTHUBHOCTI OOMOTOK CTaTopa il poropa,

M — BenuymMHA B3a€MHOI 1HAYKTHBHOCTI MIXK OOMOTKamH cTtaTtopa i
poropa. 3Ha4YeHHs BEKTOPHMX CTPYMIB TMOB'A3aHI 13 IOTOKO3UYEIUICHHSIM

HACTYTHUMU PIBHIHHSAMHU

.S s r
ly =AWy =AY, >
.5 s r
lp =ais¥p —A¥Wp s
.r

i, =apy, —agy, (3.14)

Ig = a5 —ayYp,

Ie
a;; =as ngLrR—i]WZ , (3.15)
a;; =a, :ﬁ , (3.16)
4 = g = d1g = dyg :ﬁ : (3.17)

[IpoBenemMo copoleHHsI piBHSHb M MPUBEAEMO iX O BHIY, 3pYYHOTO JIJIst
MOJICITIOBAHHSI.
Toni cucrema mudepeHIiaabHUX PIBHAHD JJIS MOTOKO34YEIIEHHs Oyae Matu

BUTJISLI:

d \
% = Uis - ARs(l///lsL r_l//ﬂ,rL,u)
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dy g '
s — ~Uy — AR (W 4 L'~y 5,L,)

dt
d \
%:—AR WL~y L) 0 (3.18)
dy g ,
d—lLﬂ:_AR r(l/lﬂrl’s—y/ﬂsl‘,u)+l//ﬂ.r.a)

3
M :EpLﬂA(V/xr Yo =V W)

il—?:}pM—Mc ,
Ta
i = AR ; — Ly'///lr)
ige = ARWY 5 = LW g,) (3.19)
i = ALy ,, — Lﬂ‘//;ts)
gy = ALY 5~ Ly 5)
TYT
Ly=L;+L,=0,014072 I'n. (3.20)
L-=L>+L,=0,014058 I=n. (3.21)
PR
L-L _Lﬂz , (3.22)

ne Ls - moBHA IHAYKTUBHICTh CTaTOPA,
L; - noBHa IHAYKTUBHICTh POTOPA,
L, - IHTyKTUBHICTh KOHTYPY HAMarHiuyBaHH4.

1

_ =51-10*.
0,02-0,02-0,0132

I3 3acTocyBanHsM nakera Matlab BukoHyemo MozaemoBanus mycky AJl [7].

CrpykTypHa cxema MoJieJl HaBeJeHa Ha pUcyHKy 3.1.

[lenTpanbaum By3noM naHoi moneni € moaynb DEE, y sikomy 3anucana
cucteMa JAuQepeHIialbHUX PIBHAHb. BHYTpIIIHSA CTPyKTypa MOJYJIsi HaBeIE€Ha Ha

PUCYHKY 3.2
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Pucynoxk 3.2 — Baytpiumus ctpykrypa moaynst DEE

B pe3ynbrari MmozaentoBaHHs OyJid OTpMMaHI Taki rpadiky 3MIHU MIBHAKOCTI

o0epraHHd @,c' 1MomeHTy M (Hm) mix yac mycky (puc. 3.3).
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Pucynoxk 3.3 — IIpsiMuii myck aCHHXPOHHOTO ABUTYHA

o .
(XY

iB y 3aMKHYTIiH cuctemi
TaKOX MPOJYKTUBHOCTI IOCUTh PO3IIIAHYTHU JIHIMHY JUISTHKY XapaKTEPUCTUKU

JI1st po3paxyHKy CHUCTEMH PETYJIIOBAHHSI, PEKUMIB PEryJIIOBaHHS JIBUTYHA a

3.3 Moae/IlOBAaHHSA NYCKOBHUX PeKUM

AJL
Ha

MEXaHIYHOI XapaKTePUCTUKH ACMHXPOHHOIO JBUTYHA

PiBHgAHHS ni1d

(XY

Toni MOXKHA CKOPUCTATUCS JITHEAPU30BAHHOIO MOJIEIUTIO [7].
JMHIAHIA JUITHII Ma€ BATIA;

(3.23)

3BIIKM MOYKHA 3alUCaTH

(3.24)

P, — o).
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BBoaumo enexTpoMarHiTHy nocTiiHy 4acy Te i 00JiKy 4acy MpOTiKaHHS
€JIEKTPOMAarHiTHUX MPOLECIB:

1 X, L,
a)sSk a)sR'Z R'Z

, (3.25)

TOJI MOXKHA MOOYAyBaTH CTPYKTYpHY cxemy AJ] B Mexax NiHIHHOI NiISTHKA

XapakTepucTuku (puc. 3.4):

W3 2T Wy N B M 1 w
B, Tp+1 Ip
Mc

Pucynok 3.4 — CtpykrypHa cxema AJ]

[TponudepeniiroBaBIy PiBHAHHSA IJI TEIUIOOOMIHHUKA, OJEPKUMO BHPA3:

mchc+/1 ST, =vF,=21,5,T'
c-c dt p ¢ p p
oy (3.26)
mee', — S+ F,C,'T, % 4,8T,'= F,C,T, +2,ST.

[lepmie piBHSIHHS omucye OajaHC TEIJIOTU TEIJIOHOCIS, a Jpyre — OanaHc

TEIJIOTH HAarpiBajIbHOTO MPOAYKTY.

MosxkHa BBaXaTH, IIO BTPATH TEIJIOTH Ager HE3HAYHI ¥ 3 HUMH MOXHa
3HEBAXUTH, a TaKOX, II0 3a MPUIYCTUMHUX BIIXWICHb TEeMIIEpaTypu 3MiHA
temioemHocten Ce, Cp, C,' HE3HaAUHA 1 HEIO0 TAKOXK MOKHA 3HEBAKUTH.

[TocTiiHMMU MMapaMeTpaMu MOXHa BBa)KaTH Macy CTIHOK M, IJIOIIMHA St,
TeII0Ty (ha30BOI0 MEPEXOy I' 1 Macy MPOAYKTY B TEIJIOOOMIHHUKY mp.

Jlo 3MIHHMX @apaMmeTpiB BIIHOCATbCA TeMIeparypa CTIHKH Tc, BUTpaTH
terioHocis F;, Temmeparypa mnpomaykty Ha Bxoali Tp, 1 Ha Buxom Tp
TEIJI000MIHHUKA, a TAKOXK BUTpATH Fp.

3MiHHI TapamMeTpu 00'eKTa KepyBaHHS 3alHILIEMO TaK:
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Tc:Tco—FATc Ft:Ft0+AFt

el F,=F, +AF (3.27)
T,)=T,+AT," T, =T, +AT, 7 7 "7

[TincTaBuMO 111 piBHSHHA B (3.26) y pe3ysbTaTi OJEPKUMO:

d(T., +AT.)
dt

d(T,,'+AT,) AT, !
m,C, T + €' (Fpo + AF )T +AT, ) + 4,8,(T ) +AT), ) = (3.29)

=C,(F,, +AF, T, +AT,)+ A,S(T,, +AT,)

c cC

+4,8,(T,, + AT.) = r(F,, + AF)+ 4,S,(T,,"+AT,) (3.28)

[Ticas MHOKEHHS U SHCXTYBAHHA CKIIAAOBHUMHU MAJIOI'O CTYIICHA Ba’KJIMBOCTI

OJICP>)KUMO BUPA3U:

m_.C, di:tT + 4,81, +A,S AT, =rF,, +rAF, + 1,5,T,,'+A4,S,AT," (3.30)
ldAT ' ' V
m,C, 7 +F,C,'T,,"+F,C,'AT,'+C,'T,,"AF,'+1,S,T,,'+ 1,5 AT, (3.31)
=F,CJT,+F,CAT, +C,T, AF, +1,5T,+A,5AT,

PiBHSIHHA CTATUKH:

1y = 2,8,(T,, ~T,,") (3:32)
ZpS,(Tco—Tpo')JerOCpro Fpon'Tpo' (3.33)

BUKIIFOUMMO BimoBiaHO piBHsHHA (3.33) 1 (3.32) 3 (3.31) 1(3.30) onepxumo:

dAT,

m,C, =<+ 1,8,AT,’ (3.34)
dt
'dA p' ! '— ' '
mpCp i +(Fp0Cp +ZPS,)ATP (Cpro Cp Tpo )AFP +Fp0CpAT +l SAT.  (3.35)

3anumemo piBHsAHHA (3.34) 1 (3.35) y BigHOCHIM QopMi nepea UUM

3a3HAYMMO JJI CKJIIAJOBUX IIbOI'O piBHSIHHSII

AT, AF, AF AT AT’
V= Xy ="ty X, =—" z=—"; y,= p, (3.36)
Tco F;o Fpo Tpo Tpo

B pe3ynbTaTi MaeMo BUpasu:

d
m.C.T,, fm S,T.o3, = rFox, + 2,S,T (3.37)
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|dy 1 1 ' '
m CT 7;+(Fpocp +4,8)T,,'v, =(C,T,,~C,'T, "VF, X, +F, C,T, Z+A,ST, Y (3.38)

p—ppo p-po p ~po po —p=po

Pozginumo piBHsiHHS (3.37) Ha goOytoxk  ApSiTeo, a (3.38) Ha  Bupas

(FpoCp +ApS0)Tpo” 1 BBEIEMO IMO3HAUCHHS:

m C F
L N R WL (3.39)
ﬂ,pSt Fpon +ipSt ipStTCO
k2=Tp0" ky = (Cpro _Cp'Tpo')FPO .
T, (Fpon'+/1St)Tpo'
K, = FponTpo . ke = ZPSITCO
(FpOCp'+lpSt)Tpo' (FPOCP'+ﬂ,pSt)TpO'

[TizcTaBUMO 111 TApaMETPU y BUXIAHE PIBHSIHHSA. Y pe3yJbTaTl OIEPKUMO:

2

d’y dy d. dz
77, 72%(71 +r2)7t2+(1+k2k5 Vv, =kikok, +(z,k; 7";3+k3k2)+qk4(E +k,2) (3.40)

BBGIIGMO e TaKl O3HAYCHHS:

r'= 7 +72 : M= 07, : § = klkS : (341)
1+ kykg 1+ &,k 1+ &,k
. — ky = ky
T+ kyks’ Y 1+ kykg

Toni piBHAHHS MaTeMaTHYHOI MOJIEITI TEITIOOOMIHHHKA Oye MaTH BUTIIAL:

d’ d dx dz
e E22  p By kxS x) e (1 4 2). (342)
dt dt dt dt
IlepenaBanbHa ¢QyHKLisE o0O0'ekTa KepyBaHHS  (TEIUIOOOMIHHUKA) 3
ypaxyBaHHSM 4acy 3aIi3HEHHs ISl KaHAJIy peryJIrOBaHHs MaTUME BUTJISA:
K t e—rS
S +7'S+1

w,(S)= (3.43)

MaremaTtuuHa MOACIIb 00'ekTa KCPYBAHH:I, H06y1103aHa I10

BUILIETIPUBEICHUM PIBHSHHSM, IPEJCTaBIeHa Ha puc. 3.5.
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Crpykrypua cxema CAK cucremun «IIY-AJl — TemiooOMiIHHHK»

IIpEACTaBIICHA HA puc. 3.6.

2268 N L
- 143 14
- G > o BT Lyl P >+ i 1
o || s o aere |1 s Tl ]
Sum? 8
Sumt vb{}-b duldt ; Saturation! Transfer Fend UM< Transfer Fen2 Som3 San Iteg e |  TrrmfarFon
Gan2 Denvaltive »
T 1
d - m,,—«—...,.' Ej
9% dufct [p{aurat | L Scopel X Sioks
Gan3  Procct
Gand Denvalivedenvativa Clle Product 1
Sumb
W duict B/t |-priawiat Scope3 Scope2
Gan6 DenvaivaDenvativeDenvatives w }‘ e
TS (- m | L
Cbck}o Workspace! ToWorkspace?
/r/L Scoped  To Workspace3
%
Gt @4 I t e
i

Gan5s Step ToWorkspace

Pucynok 3.5 — MaremarndHna MOAeIb TEIJI000OMIHHHAKA

Perynsrop t 4 TemnooOMIHHIK

~ 5 M 1 w K¢ -Tp t°
Re | %._, Wiy - S E— e W il o
T.p+1 Jp o p-+rp+l

Kt,,

Pucynok 3.6 — CtpykrypHa cxema CAK cuctemu «I1Y-AJl — TermooOMIHHUKY

Ha pucynkax 3.7 ta 3.8 mnpuBeaeHI pe3ynbTaTu JOCIIKEHb 00YI0BaHOI
Mmozeni. Pucynok 3.7 — rpadiku 3MiHU TeMmmepaTypd B 4acli Ha BXOJ1 Ta BUXO/II
TeII000MIHHUKA. PucyHok 3.8 moka3ye 3MiHy MOMEHTY Ta IIBUAKOCTI 00€pTaHHS

JIBUTYHA NP 3MiHI TEMIIEPATYPH B YaCi.
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BUCHOBKH

B xBamiikamiitHiii po6oTi OyJi0 PO3IIISIHYTO TEXHOJIOTIYHHUM MpoIec
OUHMIICHHS BIAXOAIB  HadTOomepepoOHOrO BUPOOHHUIITBA Ta  po3poldIieHa
aBTOMAaTH30BaHA CHUCTEMA E€JIEKTPONPUBOJA HACOCHOTO arperatry 3HECOJIOBAJIbHOI
YCTaHOBKH.

Po3paxoBana mNOTY)XHICTh JBHUTYHa Hacoca, BHOpaHHM OiIbII Cy4acHUU
JBUTYH BianmoBigHOi motyxHocti Tuny AIP 315 S4. Ilpoenenuii anamis
NPUHIMIIB KEpyBaHHS IIBHUJAKICTIO AaCHHXPOHHUX JIBUTYHIB Ta JOBEJIEHA
JOLIJIBHICTh BUKOPUCTAHHS ISl HACOCHOTO arperary 3HECOJIIOBAJIBHOI YCTAaHOBKHU
Cy4aCHOT'0 aCHHXPOHHOI'O €JIEKTPONpPUBOA Ha Oa3l IEpPEeTBOPIOBAaYa YACTOTH.

BianosigHo 10 mapamMeTpiB cucTeMu BUOpaH MEPETBOPIOBAY YACTOTH THUITY
ACS 600.

B po6oTi npoBeneHe ckiagaHHs CXEMHU 3aMIIIEHHS JIBUTYHA Ta PO3paxyHOK
OCHOBHUX Ii mapaMeTpiB, MoOyIOBaHI MEXaHIYHI 1 MIBUIKICHI XapaKTePUCTUKU
nsuryHa. [IpoBeaeHe IOCHIIKEHHS POOOTH ENEKTPONPUBOAA B CTaTUYHOMY Ta
JUHAMIYHOMY pEKMMax, M00yI0BaH1 Ta MPOaHaji30BaHi rpadikyu 3MIHH HAHOUIbII
BXUIMBHUX NapaMeTpiB. Po3paxyHOK €HepreTHYHHX MapaMeTpiB CUCTEMH TOKa3aB
JOIIBLHICTD 11 BIIPOBAJKEHHSI.

Pesynbpratu gaHoi pobotu (micis OUIbII AeTanbHOI JOPOOKH) MOXKYTh OyTH

BIIPOBAPKCHI B TEXHOJIOTTYHUH TTPOIIEC 3HECOIOBAHH HA()TOBUX B1AXO/I1B.
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Hopatok A
1 TECHNOLOGICAL PART

1.1 Description of technological process of evaporation of drains

The Oil refinery (OR) has a closed, irreversible cycle of water defense. The
refinery should be a set of treatment plants, the purpose of which is to maintain the
quality of circulating water. The purpose of these structures is to purify water from
mechanical impurities, residues of petroleum products and reduce its salt content
[1]. For this purpose, the refinery is constructed in the complex of heat treatment
and removal of irreversible wastewater, which is called ELOV drains (which
reduces the pollution of the environment).

The technological process of sewage evaporation includes the following
basic operations:

— preliminary heating of ELOV drains;

— intensive heating of the coolant in a special furnace;

— evaporation of drains and output of dense residues from the
installation.

If you heat the salty water to the temperature of its boiling, it will release the
water vapor, which when cooled are converted to fresh water, and mechanical
impurities and salts will be condensed in the remains of the brine.

ELOV stench evaporation is carried out according to a complex multi -stage
scheme [1]. This scheme is presented in Figure 1.1.

The thermal essence of adiabative boiling is reduced to the following: drains
(salt water) under pressure are heated in regenerative heat exchangers and in heat
exchangers 1T-9/1-4 to a given temperature, and then come to the first stage of
evaporation, ie in the first evaporator, where the pressure is reached. This step is a
regenerative heat exchanger, where giving heat to a colder flow of runoff
condensed.

The circulating juice, which boils in the evaporator, which became more

salty from the loss of steam, is transferred to the next evaporator, where by
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reducing the pressure, it boils again, giving the next part of its heat in the form of

vapors.
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Figure 1.1 - Scheme of technological process of wastewater treatment
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The first technological line of installation has eight regenerative steps of
evaporation in one non-regenerative stage of i-o, that is, all eight evaporators have
the corresponding steam capacitors, which comes out in evaporators during instant
boiling, and the evaporator [-O does not have a capacitor, as it would require a
health-remedy.

The presence of dissolved air (gas) in the drains has a negative impact on the
process. With increasing temperature in the process of evaporation there is a dear
of dissolved gases. Remembering from the circulating solution, they accumulate in
regenerative heat exchangers, blocking the surface of heat exchange.

Consider more detailed technological operations.

1) Preparation and preliminary heating of ELOV runoff.

Softened runoff, after ELOV runoff floats, pumping pumping station of
industrial runoff of treatment structures are fed to the installation in the E-8
capacity, which is intended for the collection and additional residency of drains. If
necessary, softened runoff can be fed into the E-1 capacity directly, bypassing the
training unit and the E-2 capacity. The remaining drains with E-8 pumps H-9/1,2,3
are fed to the E-1, having passed the pipe space of the heat exchanger T-11, where
they are heated to 50 °C due to the heat of the capacitor after the separators C-1/1,2.

2) Intense heating of the coolant in the furnace.Elou drains, pre-heated to a
temperature of 125 °C in regenerative heat exchangers, come to additional heating
into the heat exchangers T-9/ 1-4, where they are heated to a temperature of 136 °C.

Elou runoff with two parallel flows pass through a group of heat exchangers
T-9/1-4 and heated due to the heat of the coolant (hot water), which circulates on a
closed circulation circuit:

Furnace P-1/1,2-heat exchanger T-9/1-4-pump H-14/1,2.

Heated in T-9/1-4 heat exchangers through pressure regulator are pre-
entered into evaporators [-8-1-1 for evaporation.

The operation of the circulation circuit for heating the coolant is carried out

as follows: first the specified circulation circuit is filled with water from the line of
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promploification of factory networks. Water H-14/1,2 pumps are fed to the heating
in the oven P-1/1,2, where they are heated to a temperature of 151°C. Water
heating in the furnace is due to the heat of the burned fuel gas.

The combustible gas through the cost regulator and the pressure regulator is
fed to the POP P-1/1.2 for burning. The coolant oven is a vertical apparatus that is
equipped with safety valves.

The heated coolant (water) to a temperature of 151°C from the furnace with
two streams enters the interior space of heat exchangers T-9/1,2, where through the
walls of the pipe beam gives its heat to the drains.

The coolant from the heat exchangers T-9/1.2 enters the heat exchangers T-
9/3.4, where it also heats the circulating drains there.

The coolant from the heat exchangers T-9/3.4 enters the entrance of the
circulation pumps H-14/1,2, which is re-sent to the stove for gripping.In this way,
the coolant of the circulating circuit is heated in the furnace. The pressure at the
outlet of the H-14/1.2 pumps in the circulation circuit is maintained within 7.5
kg/cm?, and at the input of these pumps at 132°C-within 3.4 kg/cm?.

At the exit of the P-1/ 1.2 coil, two safety valves designed to protect against
exceeding the pressure in the furnace and in the housing of the T-9/ 1-4 heat
exchanger.

The water pressure in the circulation circuit is controlled by pressure gauges
installed on the water line at the inlet of the H-14/1,2 pumps.

3) Evaporation of drains.

The output drains with a temperature of 100°C from the capacity of E-1
circulation pumps H-1/1.2 are sent by two streams for heating in series in the T-
1/1.2-T-8/1.2 evaporated cascade, while heating to a temperature of 136 °C. The
heating of drains in T-1/1,2-T-8/1,2 1s due to the regenerative heat of the secondary
boiling pair from evaporators I-1-1-8 of the corresponding steps of evaporation.

One stream passes through the pipe space of the T-1/1,2-T-8/1,2, where it is
heated to a temperature of 136 °C due to the heat of the secondary boil of

evaporators [-1-1-8.
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After that, one flow is sent to the space of the heat exchanger T-9/3.4, where
it is heated to a temperature of 136 °C, due to the heat of the coolant coming from
the inter-pipe space of the heat exchangers T-9/1.2.

Further, the drains enter the space of heat exchangers T-9/1,2, where they
are heated to a temperature of 151°C due to the heat of the coolant, which enters
the interstitial space of a given heat exchanger after heating it in the p-1/1.2
furnaces.

Heated in T-9/1.2 heat exchangers to a temperature of 136 °C drains through
pressure regulators come in series in the evaporator I-8.

In the evaporants of 1-8-I-0 there is an adiabatic evaporation of drains due to
the difference of pressure and temperatures in the evaporators and drains that come
to them on the burner. Moreover, the temperature of the drains included in each of
the evaporators is 5°C higher than the boiling point in these evaporators.

The drains pass the evaporated cascade from i-8 to I-1, where the runoff
temperature in each subsequent evaporator decreases by 5°C, while getting up from
136 °C to 105 °C.The steam, which is released from the drains, from the
evaporators enters the corresponding heat exchangers for heating the drains
circulating in them. In evaporated runoff from the evaporator to the evaporator
increases the concentration of salts.

Further drains from the evaporator I-1 come into the evaporator I-0, where
their additional evaporation occurs. Condensed pair of T-1/1,2 heat exchangers-T-
8/1,2 enters the separators C-1/1,2. After the separators, the steam condensate
partially enters the air refrigerators HI-15/1.2 for cooling, and partly into the T-11
heat exchanger, where to cool up to 70°C enters the E-2 capacity for condensate
collection. Chilled in the min-15/1.2 to 90 °C condensate enters the E-2 container.

In the case of storage of drains for installation from treatment structures for
warming up the system when the installation is released to the mode of
condensation from the exits of the pumps H-2/1,2 into a special capacity of the EE.
On the same line, the condensate returns for processing in E-1, if its quality does

not meet the standards of technological regime.
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The steam condensate formed in the E-1 container comes to cool in air
refrigerators HI-19/1,2. The steam from the evaporator -0 is fed into the air
cooling apparatus HI-15/1,2 for cooling. The evaporated drains from the
evaporator I-0 are collected in E-1, where they are mixed with fresh drains, and the
circulation pumps H-1/1.2 are re-entered into the T-1/1.2-T-8/1,2 heat exchangers
for heating.To maintain a constant and permissible concentration of salts in the
system, the scheme provides continuous purging of salts on drains:

T-1/1,2 heat exchangers-T-8/1,2 - heat exchanger T-9/1,2 -evaporators [-8-
10-capacity E-1 -pumps H-1/1,2.

Purlies are carried out together with the most concentrated drains, namely
from the evaporator [-0. These drains (thick rape) from the evaporator 1-0 are

pumped out for installation in a specially designated place.

1.2 Characteristics of basic equipment cycle equipment

This installation uses a variety of equipment. These include pumps,
evaporators, heat exchangers, furnaces and air refrigerators [2].

The pumps are designed to move liquids and provide them with energy. In
this case, centrifugal pumps are used in the installation. Their widespread is
explained by the high efficiency, compactness and convenience of combining with
drive electric motors (EM).

Used pump of type 10nka-7-2-centrifugal, horizontal, spiral type, two-stage.
It is connected to the engine by means of an elastic mucous coupling.

Technical characteristics of the pump 10nka-7-2 (cipher according to the
scheme H-14/1,2)

Pump parameters:

Productivity Q = 500 m3/h

Napir H=75m

Rotation speed n = 1500 rpm

Efficiency = 0.64

An electric motor of type A-315 S2-4U3 was installed for the pump.
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EM Options:

Power P = 160 kW

Rotation speed n = 1500 r/m

The supply voltage U =380 V.

The technological cycle also contains other types of pumps, which are

marked in the scheme of the technological process with the corresponding ciphers

(Table 1.1).

Table 1.1 - Characteristics of pumping equipment

Ne | Pump brand Cipher Question | Height | Power of | Speed
according to Q, M3h H,m |EMpump | rotation
the Scheme P, kW n, r/m

1 | CE1250/140 H-1/1,2 1250 140 630 1500

2 | XO-90185ECD | H-2/1,2 90 85 55 3000

3 | D-200/90 H-3/1,2 100 22 37 1500

4 | X280/7,1-CD | H-9/1,2 280 72 100 1500

5 | D-320-50 H-14/1,2 320 50 75 1450

The evaporators are intended for evaporation of drains, they have adiabatic
boil of drains due to the difference of pressure and temperatures in the evaporators
and in the tanks coming to them on the parcel. Moreover, the amount of drains
coming to each evaporator is 5 OC higher than the boiling point in these
evaporators. In heat exchangers, the drains are heated due to the heat of the steam
of the secondary boil of the evaporator.

Furnaces - designed to heat the product (coolant) by burning combustible
gas in radiant chambers.

Air refrigerators (min) - intended for condensation (cooling) of vapors that
did not conduct in regenerative heat exchangers.

1.3 Calculation of the Pumping Installation Engine Power



76

The choice of the motor is of great economic importance, because the
correct choice depends on the performance of the working machine, the energy
indicators and the reliability of the entire electric drive.

The first condition for the choice of EM is the correspondence between its
capacity and the capacity of the working machine (in this case the pump). For EP
industrial installations, you should choose the simplest design and control of the
engine, reliable in operation and which has high technical and economic indicators.
However, ED must fully meet the requirements of the technological process.

The most appropriate in this are asynchronous engines with short -circuited
rotor. Quite simply, the choice of EM, which works in long -term mode with
constant load. This mode of operation is characteristic of the electric drive of the
pumping installation.

Power on the pump engine shaft can be calculated by a known formula:

p=2 P& 155 g (1.1)
My My
where Q is the pump supply, m*/h, we have Q = 500 m?*/h;
H - total pressure, we have 75m;
p - pumped fluid density, we have = 935 kg/m?;
g =9.81 m/s? - acceleration of free fall;
n, - pump efficiency (for pumps with pressure more than 40 kPa = 0.6—
0.8);
n, - efficiency of transmission (accept = 1);
CC 1s a reserve ratio that takes into account non -calculation formulas (for
ED more than 150 kW is usually accepted by K; = 1,1).

Substituting input, we get the value of power

P_500-75-935-9,81
3600-0,64 -1

107 -1,1=160 kW.

1.4 Overview of the electric drive adjustment system



77

Currently, in the installation of the crash under consideration in this work,
mostly use manual or easiest automatic control of the technological process, the
equipment is outdated and requires almost constant maintenance.

The most important areas of the processes occurring in the evaporation
installation are the evaporation contour and the contour of the furnace. The
parameters of the evaporation circuit control are the pressure, consumption and the
stock temperature, which depends on the amount of steam formed as a result of
evaporation of wastewater [2].

For the qualitative course of the technological regime it is necessary to
constantly monitor the temperature of the circulation runoff, while maintaining at a
given level the pressure of the coolant (water) in the pipe circuit. For this purpose
it is necessary to adjust the speed of the drive motor of the pump.

The most well-known and effective from modern methods of regulating the
speed of asynchronous engines with short-circuited rotor (AM SC rotor) is to
adjust the speed of changing the frequency of nutrient voltage [5]. With this
adjustment of the sliding of the machine, regardless of the regulation range is
maintained relatively small, the losses in the engine will be small, so the efficiency
of the system is high enough. Given the above, to maintain the given pressure of
the coolant, we stop on the frequency method of adjusting the speed of the engine.

Determine the required regulation range:

H 2
1 (ﬁJ (12)

H, \o,
H, -,
o = |2 (1.3)
H,
Substituting in (1.3) From the input data the values H1, H2, w? are

obtained:
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{ 2
W, = % =1003,4 r/m

So we have a regulation range:

p=® 100 s (1.4)
o 10034

Many electric drive systems show the ability to effectively adjust the angular
speed and performance of the pump. However, the development of a power
element base for frequency converters - power transistors, makes it possible to
implement regulated EP systems based on modern frequency converters.

The main indicators of the pumps are the supply, pressure and efficiency in
optimal modes of operation [3].

Electricity deficiency and its high cost cause the need for savings and
normalization at the operation of pumps. The assessment of the equipment is
performed on the basis of data on electricity consumption and information about
the amount of drains that are pumped over a certain period. In such circumstances,
it 1s advisable to use regulated EP, which allows to reduce the productivity of the
pump to the required values without unnecessary power loss. Thus, it can be
concluded that the more effective and economic method is to adjust the fluid
supply by changing the speed of the pump impeller.

Figure 1.2 shows the position of the pressure characteristics of the pump and
pipeline, respectively, at the speed of rotation of the wheel N1> N2. Because the
overall resistance of the pipeline does not change and the position of its
characteristics will be unchanged as the speed of rotation of the impeller, the
working mode "A" will move on the characteristics of Q-H network, the feed and
pressure of the pump will decrease.

The range of mode rotation frequency will be:

|H, —H
d= 1T2 (1.5)
1

where HI1, H2 is a needed upper and lower border of drainage pump

respectively
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d = L_3’4:0,7 ,
7,5

That is, we have Nmin = 0,7 Nmax.

Hi
Ha

!
l
l
x
1

Q2 QI

Figure 1.2 - Characteristics of the pump and pipeline when adjusting the

supply change of speed of rotation

As can be seen from Figure 1.2 and the universal characteristics of the

pumping unit 10nky-7-2, when adjusting the pump supply by changing the speed
of the impeller, there is no unproductive loss of power. This will be based on

further construction of the control system.

Thus, the main tasks for this development are:

- calculation of power and replacement of the pump engine with a more

modern;

- inspection

system;

of speed adjustment systems and choice of type of modernized

- choice of equipment of the modernized system;

- study of static and dynamic characteristics of the system;

- calculation of the energy parameters of the system.

JlonaTtok b
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