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PEOEPAT

kBaumiikaiiitHoi poboTu OakamaBpa
"JIabopaTOPHUI CTEH/ MO JOCTIIKeHHIO POOOTH YACTOTHO-KEPOBAHOI0
ACHHXPOHHOI'0 €JCKPONPUBOAY'

Bunyckna kBamigikaniiiHa poOora OakanaBpa MICTUTh 64 cTOpiHOK, 34
PUCYHKIB, 9 Tabnulib, 28 mKeper.

KitouoBi  cioBa:  aCHHXpOHHUM  JIBUTYH,  YaCTOTHO-PEryJbOBAHHM
CJIIEKTPONIPUBO/,  JTAOOpAaTOpHMM  CTEeHH,  ocuwiorpad,  HaBaHTaXKEHHS,
CIEKTPaJIbHUI aHaI3 CUTHAJIIB

Meroro kBamidikamiitHoi poboTtu OakamaBpa € po3poOKa CydacHOTO
7a00paTOPHOTO  CTEHAY IO JOCHIKEHHIO pPOOOTH YaCTOTHO-KEPOBAHOIO
ACMHXPOHHOTO €JIEKPOMPUBOLY.

[IpoananizoBaHO MPUHIMI POOOTH ICHYIOUHMX JIA0OPATOPHHUX CTHEHIIB TIO
JOCITIIKEHHIO pOOOTH YaCTOTHO-KEPOBAHOTO EJIEKTPONPHBOIa. BUsBICH! HENOMIKA
y poOOTi CTEH/IiB Ta 3alPOTIOHOBAHO MAKET HOBOTO CTEHIY.

Po3pobiieHo QyHKIIOHAIBHY CXE€MY, 1 Ha 1i OCHOBI CKJIaJieHa MPUHIIUIIOBA
cxeMma. BUKOHAHO aHami3 HU3bKOYACTOTHUX TAPMOHIK Ta MOKAa3aHUW Yy BUIJISL
ocuwjiorpaM 1 cnekTpiB. Po3po0ieHo anroputMm KepyBaHHA IE€pETBOpPrOBava
yactotu Altivar 32 Altivar 71. IlpencraBineHuit nepenik eJIeMeHTIB.

JlocmiaHUITbKUH cTeH 1 3a0e3meuye:

— BUBYCHHS CTaTUYHUX 1 JUHAMIYHUX XapaKTCPUCTUK CICKTPONPHUBOAY Yy
BCbOMY Jliara30H1 peryIIOBaHHS YaCTOTH €JEKTPOTPUBOLY;

— TMYCK, peryJItOBaHHS 4aCTOTH 0OepTaHHs, PEBEPC 1 3YNUHKY JIBUTYHA;

— peryJioBaHHS BEJMYMHU HABAaHTAXEHHS HA Bajly JOCIIIHKYBaHOTO
JIBUTYHA,

— 3aXHUCT TEpPeTBOpIOBavYa 1 JBHUTYHA BiJ TIEPEBAaHTAXECHb 1 CTPyMiB
KOPOTKOTO 3aMUKaHHS;

— MOJIMBICTH JOCIIJKEHHS CTPYMIB pOTOpa 1 CTAaTOpA.



ABSTRACT

qualification work of the bachelor
"Laboratory stand for research of frequency-controlled asynchronous electric
drive"

The bachelor's thesis contains 64 pages, 34 figures, 9 tables, 28 sources.
Keywords: asynchronous motor, frequency-regulated electric drive,
laboratory stand, oscilloscope, load, spectral analysis of signals

The purpose of the bachelor's qualification work is to develop a modern
laboratory stand to study the operation of frequency-controlled asynchronous
electric drive.

The principle of operation of the existing laboratory stands for the study of
the frequency-controlled electric drive is analyzed. Deficiencies in the work of the
stands were revealed and a model of a new stand was proposed.

The functional scheme is developed, and on its basis the schematic scheme is
made. The analysis of low-frequency harmonics is performed and shown in the form
of oscillograms and spectra. The Altivar 32 Altivar 71 frequency converter control
algorithm is developed. The list of elements is presented.

The research stand provides:

—study of static and dynamic characteristics of the electric drive in the whole
range of frequency control of the electric drive;

—start, speed control, reverse and stop the engine;

—adjustment of the magnitude of the load on the shaft of the studied engine;

—protection of the converter and the motor against overloads and short-circuit
currents;

—the possibility of studying the currents of the rotor and stator.



BCTYII

AKTyanpHICTh TeMHU. ENeKTponpuBoa, SKUA BUKOPUCTOBYE BHCOKHIA
Koe(ilieHT KOpUCHOI i B TEPETBOPEHHI €JIEKTPUYHOI €Heprii B MEXaHIuHY,
3aCHOBAHMM HA CyYacCHMX JOCATHEHHSAX IEepeTBOPIOBANbHOI TexHIkM 1 [T-
TEXHOJIOT1i MIKpPOMPOIIECOPHUX 1HGOPMAIITHIUX CUCTEM KEPYBaHHS 4acTO Bpakae
ySIBY MIBUJAKICTH PO3BUTKY. MOXHa CKa3aTH, [0 CYYacCHHUM €NeKTPONpPHUBOJI, BCE
Oulble 1 OUIbIIE TPYHTYETHCS HAa EJIEKTPOJABUTYHAX 3MIHHOIO CTPyMy, IO
BOJIOJIIFOTH O€3CIIPHUMHU EKCIUTyaTaIliliHUMU TIEpeBaram, 1 KMl 3aCTOCOBYEThCS B
ycix cdepax BiJl MPOMUCIOBOI0 BUPOOHHUIITBA A0 MOOYTOBUX MPUCTPOIB, € OCHOBOIO
TEXHIYHOTO IIporpecy. Bci BelmuKi €IeKTPOTEXHIYHI KOMIIaHIi BHITYCKAaOTh
peryiaboBaHl  €NEKTPONPHUBOIM KOMIUIEKTHO 3 KOMI'IOTEpPHUMH 3aco0aMu
aBTOMaTH3alli y BHUIJISAl IPOrPAMOBAHMX CHUCTEM, MPU3HAYEHUX JJI LIUPOKOTO
BUKOPHUCTAHHS.

He3Baxxaroun Ha T1e mo AJl, BUHAWIUIM AOCUTH JaBHO, BIiH PIJIKO
3aCTOCOBYBABCS B 3B'SI3KY 3 TPYJHOIIAMHU peaiizailii, 0COOJUBOCTSIMU KEPYBaHHS.
Jlo HeaBHHOT'O Yacy HaiyacTillle 3aCTOCOBYBABCS ACMHXPOHHHM €JIEKTPOIIPHUBO/I.
OcHoBHOMO 006s1acTiO 3acTocyBaHHsl A/l 10 HelaBHLOTO Yacy OyB HEpETryJIbOBaHUM
CIIEKTPONpUBOA. B ocTaHHi poKkM B 3B'SI3KYy 3 pO3pOOKOI 1 BHUITYCKOM
CJIEKTPOTEXHIYHOIO MPOMHUCIIOBICTIO MEPETBOPIOBAYIB YaCTOTH 1 HAMPYTH CTAIH
CTBOpIOBATUCS peryiapoBaHl acuHxpoHHi FEIl 3 Xxapakrepuctukamu, sKi He
MOCTYTIAIOTHCS 3a CBOiMHU MokasHukamu EIl mocTiiiHoTO CTpyM™MYy.

CyyacHuil aCHHXpOHHUH €JIEKTPONPHUBOJ SABJISIE COOOI0 ENEKTPOTEXHIUHUMA
PUCTPIi, IO BKIIOYAE B ceOe HOBITHI PO3POOKU B TEOPIi 1 MPAKTHUII CTBOPCHHS
MIKpOIPOIIECOPIB, CHUJIOBUX HAIMIBIPOBIIHUKOBUX MPUIIAIIB, 3aXUCTy BiJl PI3HHUX
NEPEIIKO/]I, IPOrpaMHUX HANPALFOBAHb B raly3i KEpyBaHHs Ta iIHTEp(EiCiB, a TAKOK
CTBOPEHHS HaIIWHUX 1 BUCOKOC(DEKTHBHUX EICKTPOABUTYHIB. s AMHAMIUHOTO
KepyBaHHS ACHHXPOHHOTO EJIEKTPOJBUTYHA HaWOLIBII TMOUIMPEHUN Croci0

OpPIEHTOBAHOT'O IO IMOTOKO3YEIUIEHHIO POTOpPa BEKTOPHOIO KepyBaHHs (OJSAIIKH,

1971).
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Tomy metoro kBamidikaiiiHoi poOoTH OakaiiaBpa € po3poOKa CydacHOTO
7a00paTOPHOTO CTEHIYy IO JOCHIPKEHHIO POOOTH YacTOTHO-KEPOBAHOIO
ACMHXPOHHOTO €JICKPOIPUBOY.

JUist  MOCATHEHHS TMOCTaBJICHOI METH HEOOXIAHO BHKOHATH HACTYIIHI
3aBJIaHHS:

— BUBYUTH METOJM CHEKTPAIBHOTO aHalizy Ha 0a3l acCHHXPOHHUX
CICKTPONPHUBOAIB  JIJI1 BHBYCHHSA 1 TMPOBEACHHS JOCIIDKEHHS poOOTH
NEPETBOPIOBAYIB YACTOTHU MIPH PI3HUX PEXKUMAX KEPYBaHHS.;

— TmpoaHami3yBaTd poOOTy ICHYIOYMX JIaDOpAaTOPHUX CTEHIIB IO
JOCITIKEHHIO POOOTH YaCTOTHO-KEPOBAHOTO ACHHXPOHHOTO EJICKPOIPHUBO.TY,
BUSBHUTHU HEIOJIKH;

— po3pobutu GYHKIIIOHAIBHY CXEeMYy CTeHIY, 00paTH 3aco0u aBTOMAaTH3aIlli
CTCHIY;

— PpO3poOUTHU CXEMY €NEeKTPUIHY MPUHITUATIOBY;

— PpO3pOOHUTH METOAMKY MPOTrPaMyBaHHS IIEPETBOPIOBAYIB YACTOTH;

— BUKOHATU JOCIIJPKEHHS POOOTH YaCTOTHO-KEPOBAHOTO ACHUHXPOHHOIO
CJICKTPOIIPUBOa 0€3 Ta 3 HaBaHTAKCHHSIM.

JloCiTHUTIEKHMI CTEH]T TOBUHEH 3a0€31IeUyBaTH:

— BUBYEHHS CTAaTUYHUX 1 JUHAMIYHUX XapaKTEPUCTUK EICKTPONPHUBOAY Y
BCHOMY Jliama30H1 peryIIOBaHHS YaCTOTU €JIEKTPOIPUBO/TY;

— TYCK, peryJIIOBaHHS 4acTOTH 0OepTaHHS, PEBEPC 1 3YNMMHKY JIBUTYHA;

— peryJIIOBaHHS BEJIMYMHA HABAaHTAXEHHS HA Baly JOCIIIHKYBaHOTO
JIBUTYHA,

— 3aXHWCT TEpPeTBOpIOBavYa 1 JBUTYHA BiJ TIEPEBAaHTAXEHb 1 CTPyMiB
KOPOTKOTO 3aMUKAaHHS;

— MOXJIMBICTh JIOCHIJKEHHS CTPYMIB pOTOpa 1 cTaTopa.



11

PO31J1 1 AHAJIITUYHA YACTUHA

1.1 AKTyaJIbHICTh BIPOBAIKEHHS CYy4YACHUX CHCTEM KePyBaHHS

B nanuii yac cuctemMu eneKTpONpPUBOAY MIIHO 3alMarOTh JiAUPYIOYE MiCIle
cepell MPUBOJHUX MPHUCTPOIB 1 3a0e3medyroTh Oe3mepeliliHy 1 HaJiiHy poOoTy
CJICKTPONPHUBO/IIB B 0araTbox 00JIACTSAX BUPOOHUIITBA 1 JKUTTEMISIIBHOCTI JIFOIMHHU.
BnpoBaykeHHSI HOBUX TEXHOJIOTIH, a TAKOX po3poOKa 1 MosiBa HOBUX IMPHUCTPOIB 1
BUpOOIB B HaIll Yac HEMUHY4Ye. BOHU 103BOJISIOTH MOJETIIUTH Pi3HI MPOIECH HAIIOT
KUTTEASUIBHOCTI. OJHAK, SK 1 BCbOMY HOBOMY 1 HE3BUYHOMY JUIsl HAC, JaHUMU
TEXHOJIOTIIMH HEOOX1JTHO HABYUTHUCS, a, SK BIJIOMO, IPOIIEC HABYAHHS JTOCHUTH
ckiaaHuil. JlaHe TBEpIKEHHSI MOXKHA 3aCTOCYBATH 110 MPOTPAMHUX MPOIYKTIB, 1 /10
pI3HUX, BUPOOIB 1 MPUCTPOIB.

ACUHXpPOHHHMI PEryJIbOBaHUM €NEKTPONPUBOJ 3HAXOAUTH OCTAHHIM 4acoM
BCe OLTbIIE MOMMPEHHS B PI3HUX raity3sax IpoMuciaoBocTi. CydacHU aCHHXPOHHUMN
CJICKTPONPUBOJ peaizoBaHuil Ha 0a3l CHUJIOBOI HAMIBIPOBIAHUKOBOI TEXHIKHU 13
3aCTOCYBAHHAM MiKPOIPOLECOPHOTO KepyBaHHS. MIOro MOMKIHBOCTI JJ03BOJISIOTH
OpTaHi3yBaTH PEryJIOBaHHS BUXITHUX KOOPAMHAT E€IEKTPOIPHUBOIY B IIHPOKOMY
nmiara3oHi, 3 BUCOKOIO IIBUAKOMIEIO 1 TouHICTIO. Ha manmii MOMEHT Ha Oaratbox
MIPUEMCTBAX IHTEHCUBHO OHOBIIIOETHCS ITporpamMHa 0asa.

S nOpuUBOJHMK JBUTYH OCTAaHHIM YacoM HaWOUIBIIOrO IMOUIMPEHHS
3HAXOJWTh ACHMHXPOHHHWHA NBHUTYH. Bimomo, 10 acHMHXpPOHHHMI B KiJbKa pa3iB
JICTIIEBIIE KOJIEKTOPHOTO JIBUTYHA MOCTIHHOTO CTPYyMY, Ma€ MEHIII rabapuTH, MOXKe
OyTv BUKOHAHUH HA ICTOTHO O1IBIIIIH MIBUKOCTI MPH TiH K€ TTOTYKHOCTI, HATIHHUI
1 MPOCTHUH B eKCIUTyaTallii, Tak K pOTOp JBUTYHA HE MA€ EJICKTPUUYHOTO KOHTAKTYy
(a0o ickop 1 HE BUMArae MoCTIHHOro 00CIyroByBaHH).

Jlo cux mip caMUM HaWMOIIMPEHIIMIUM CIOCOOOM  pEryIIOBaHHS
IPOJYKTUBHOCTI TakWX OO0'€KTIB € BHUKOPHCTAHHS 3aCyBOK a0 peryorunx

KJ'IaHaHiB, alJic CBOFOI[Hi AOCTYIIHUM CTa€ 4aCTOTHC PCTYJIIOBAHHA aACHMHXPOHHOI'O
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JIBUTYHA, SKUW TPUBOJIUTDH B PyX, HAMIPUKJIIA]], poOOYE KOJIECO HACOCHOTO arperary,
BEHTHJIATODA.

[Ipn BHKOpHUCTaHHI YAaCTOTHUX NEPETBOPIOBAaUIB, 3a0€3MEUYETHCS IJIABHE
peryJIFOBaHHS MIBUJKOCTI OOEpTaHHS pOTOpa, JO3BOJISIE B OUIBIIOCTI BHUIIAJIKIB
BIJIMOBUTHCA BIiJI BUKOPUCTaHHS PEIyKTOPIB, BaplaTopiB, IPOCENIB Ta I1HILIOI
amaparypH.

OcTaHHIM 4YacoM peryjibOBaHUWA ACHHXPOHHUN  E€JEKTPONPUBOJ 3
NEPEeTBOPIOBAYAMH YAaCTOTH 3a3HaB JIy>K€ ICTOTHUX 3MiH B CBOEMY PO3BUTKY, 1€
MOB'SI3aHO, TIEPII 3a BCE, 3 JOCATHCHHSMH B 00JIACTI CHIJIOBOi €JEKTPOHIKH 1
MIKPOIIPOLIECOPHOI TEXHIKM, Ha OCHOBI SIKUX OyJu pO3poOJIEHI MEepeTBOPIOBaYl
4acTOTH, 11100 3a0e3MeuYuTH KEepyBaHHS ACHHXPOHHHUMH KOPOTKO3aMKHEHHMU
JBUTYHaMH. Bucoka MmBHAKICTE 00poOKHM iH(OpMAIli CydacHHMMH MpoliecopaMu
Jlana MOIITOBX MOJIEPHI3alil CTapux 1 po3poOll HOBUX AITOPUTMIB KEpyBaHHS
CUCTEMOIO «TIEPETBOPIOBAY YaCTOTH - aCUHXpOHHUI ABuryn» (114 — AJT).

JIJ1st po3yMiHHS ITUTaHb, TIOB'I3aHUX 3 KEPYBAHHIM aCHHXPOHHUM JIBUTYHOM,
a TaKOX ISl JOCSITHEHHSI MAaKCUMAaJIbHOI €()eKTUBHOCTI BUKOpUCTaHHA cuctem [1Y
— AJl, HeoOXi1HO TIMOOKE PO3yMiHHS (I3UYHUX SBUII B IBUTYHI, IIEPETBOPIOBAYI 1
CUCTEMI B LIJIOMY.

Kpim Toro, mis moOynoBHM eHEproeeKTUBHUX CHCTEM HEOOXITHO
BpPaxOBYBAaTH JWHAMIYHI XapaKTEPUCTUKU TMPUBOIY, IO MPEACTABISE TEBHI
TPYAHOIII].

VY BEKTOpHOMY KEpyBaHHI JOCHTh 0arato IMO3UTUBHMX MOMEHTIB, ajlc BOHO
Mae ps mpoOJIeM — YacTHHA SKHX MOB's3aHa 3 BAHUKHEHHSIM TAPMOHIK B CTpyMax
poTtopa i craropa.

Jlnst Toro mo0 MiATBEPAUTH Il OCOOTMBOCTI BEKTOPHOI CHCTEMHU KEePyBaHHS,
HEOOX1THO po3i0OpaTucs B TEOpii BEKTOPHOTO KEPYBaHHs, PO3POOUTH CTEHH, 1
IPOBECTH EKCIEPUMEHTH 3 ACHHXPOHHUM IPUBOJOM y T.4. CHEKTPaJbHUN aHAII3

CTPYMIB poTOpa 1 cTaTopa.
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1.2 AHaJi3 cy4acHMX CHCTeM KePYBaHHA €J1eKTPONPHUBOAOM

1.2.1 CraasipHe KepyBaHHA

OmauM 13 cmocobiB  KepyBaHHA  ACUHXPOHHMMH  JIBUTYHAMU B
CIIEKTPOIPUBO/IAX 3 PETYJILOBAHOIO MIBUJIKICTIO € 3acTocyBaHHs 3akony U/f = const,
KUl 3a0e3medye MmiATPUMKY MOTOKO3UYEIJICHHS CTaToOpa Ha HOMIHAJIBLHOMY PiBHI B
OCHOBHOMY JTialla30H1 3MiHH IIBUIKOCTI.

[Ipu 301IbLIEHH] LIBUAKOCTI B1A0YBa€ThCA OCIa0ICHH MOJIs, a IPU 3HHKEHHI
— Tajia€ MepeBaHTaXyBajIbHa 3/JaTHICTb.

Skmo 3akoH kepyBanHs U/f = const BUKOpUCTOBYBaTH B PO3IMKHYTHX
cCUCTeMaX, KyToBa WIBHUIKICTh ACHHXPOHHOTO JIBUTYHAa TMpPHU poOOTI MiA
HABAaHTAKEHHAM OyJie BIAPIZHATHUCS BIJ] 3a1aHOTO 3HAYEHHS HA BEJTUYMHY YaCTOTH
KOB3aHHS (4acTOTa KOB3aHHS JOPIBHIOE KPYTOBIM €JIEKTPUYHINA YacTOTI CTPyMy
poTopa).

Jlo mepeBar nux NpuBOAiB MOKHA BIIHECTH iX BUCOKY CTIMKICTh. BOHU CTIHKO
MPALOIOTh HABITh MPU KPUTUIHO HU3BKUX IIBUAKOCTSX, 1€ BEKTOPHE KEPYBaHHS HE
B 3MO31 MIATPUMATH CTA0UTBHICTh. Tak caMO CKalspHE KepyBaHHA camMe Mo coOi
NPOCTUN TPUCTPIN, TAKOXK HATIMHUM, 1 AemeBui B peamizauii. [Ipu poboTi MoxkHa
1 IKITIOYNTH Oyb-SKY KiTBKICTh ABUTYHIB, 1 II€ HISIK HE TIO3HAYUTHCS HA KEPyBaHHI.

IcHye KibKa IPUHIIUITIB OJTHOYACHOTO PETYJIFOBAaHHS YacTOTH 1 HAIIPYTH.

Haiiyacrime nparayTh 30€pertd NoCTIiHOO MEePEBAHTAKYBAJIbHY 3AaTHICTb
CIICKTPOJBUTYHA, 3pPOOMTH Tak, 100 TpPH BCIX peXKUMaAX BiTHOIICHHS
MaKCHMaJIbHOTO MOMEHTY JI0 MOMEHTY CHJI OTOpPY 3aJHINajocs MOCTIHHUM: A =
Mu/M. = const. [Ipu mocTiitHOMy MOMEHTI HaBaHTa)XeHHs M. = const Hampyra Ha
CTaTOp1 MOBUHHA PETYJIOBATUCS MPOTOPIIIAHO YaCTOTI.

OCHOBHE 3aCTOCYBaHHSI CKQJIIPHOTO KEPYyBaHHS 3HAXOJIUTh B MPHUBOJAX, HE
BUMOTJIMBUX /10 TUHAMIYHUX XapaKTepUCTHK cucTteMu. OfHa 3 BaXKJIMBUX MepeBar
CKaJsIpHOTO METOJy € MOJKJIUBICTb OJHOYACHOTO KEpyBaHHS TIPYIOIO

eJEKTPOABUTYHIB. CKalsipHE KEepyBaHHS MOXe€ OyTH 3aCTOCOBAHO ISl OLIBIIOCTI



14

NPAaKTUYHUX BUIAJKIB BUKOPHUCTAHHS YaCTOTHOTO €JIEKTPOIPUBOAY 3 Alala3oHOM
peryiatoBaHHs 4acToTu odepTanHs a0 1:40.

JUiss 3MIHM 4YacTOTM HAIpyrd B JIAHUIOT CTAaTopa JABUIYHA BKJIIOYAIOTh
nepeTBoproBad yactotu [1Y (TupucTOpHM, TPAaH3UCTOPHUH, CICKTPOMAITUHHUMN),
110 JA03BOJISIE TP 3MiHI Ha BXOJ1 Hampyru kepyBaHHs no Hanpysi Uy, 3MiHIOBaTH
amrutityny Hanpyru Ui = var Ha Buxoni [T4 npu cranmocti yactoTu. 3MiHa Ha BXOJI1
Hanpyru kepyBaHHs yacToToro Uyr 3a0e3nedye peryiaroBaHHs 4acToTH f1 = var Ha
Buxozi [1Y npu cranocti ammnityau Us.

He cnig 3abyBatu, mo Bupasz mans MK orpumano mis ['-o6pa3Hoi cxemwu
3aMillleHHs 3 yciMma ii nmpunymeHHsmu. Ha pucynky 1.1 mpuBeneHi MexaHI4YH1
xapakTtepucThku s 3akoHy Ui/fi = const.

[Ipy 3MiHI YacTOTHM XapaKTEPUCTUKH TEPEMIMIAIOTHCS  MapasieIbHO
NPUPOAHINA MEXaHIYHIM XapaKTEPHUCTHIN, L]0 HArajye peryJIloBaHHS HIBUIKOCTI
JIBUTYHA HE3QJIC)KHOTO 30y KeHHS 3MiHHOT Hampyru. KoedimieHT mocuneHHs 1o
4acTOT1 K¢ /7151 CIPOIIEHOT CTPYKTYPHOI CXEMH MOHA BU3HAUUTH 32 MEXaHIYHUMU
xapakrepuctukamu pu Uz = const uwm = const.

_AM M, M _
T Af, fS, a-f, S’ (1.1)

i

ne: o = f1/fix — yacrora B B.O .

w

3

/,

W

Wo1

W™

Wo3

Pucynok 1.1 — Cxema 1 mTy4H1 MEeXaHIYHI XapaKTEePUCTUKU MPHU

f1 = variUi/f1 = const
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fi @%-0 o, 0-0_ o-0

oS=-1L. . ;
le (’OO O‘)OH O‘)O O)OH (1 . 2)

AOCOII0THE KOB3aHHSI, IO BIJPI3HAETHCA B1Jl BITHOCHOTO KOB3aHHS S TUM, 110
B 3HAMEHHHKY 3aMiCTh (D, III0 3MIHIOEThCS MpH f1 = var, 3'IBUIacs ox, BiJ 4aCTOTH
HE 3aJeXKuTh. AOCONIOTHE KOB3aHHS OS JIO3BOJISIE OILIHIOBAaTH >KOPCTKICTh
MEXaHIYHOI XapaKTePUCTUKHU, CTPYMH B POTOPHOMY JIAHI}031 1 B 3aMKHYTHX
CUCTeMax JI03BOJIUThH BUPIIIYBATH JIEAK] 3aB/IaHHS.

Jist Toro mo® po3yMiTH TPUYMHM, TIEpPEeBaru 1 HEIONIKA BEKTOPHOTO
KepyBaHHS TOTPIOHO po3iOpaTUCS 3 TECOPETUYHUMHU TIOJOKCHHSIMHU KepyBaHHS
CUCTEM.

TeopeTndHe NOJI0KEHHA CUCTEMU BEKTOPHOTO KepyBaHHS Al

1.2.2 BekTopHe KepyBaHHS

MeTton KepyBaHHSI €JIEKTPOJIBUTYHAMH 3MIHHOTO CTPYMY, SKHUH T03BOJISE
HE3JICKHO 1 3 MAJIOK IHEPILINHICTIO PETryJIIOBAaTH IIBUJIKICTh 0OCpTaHHS 1 MOMEHT
Ha BaJIy €JIEKTPOJIBUTYHA.

CyTb BEKTOPHOTO KEPYBaHHSI MOJIATAE B TOMY, III00 KOHTPOJIIOBATH HE TIIbKU
BEJIMUMHY 1 YaCTOTY HAIIPYTH JKUBIICHHS, alie 1 a3y.

[HIIMMU CTOBaMU KOHTPOJIOETHCS BEIMUYMHA 1 KYT MPOCTOPOBOTO BEKTOPA.
BekTopHe KepyBaHHS B TMOPIBHAHHI 3 CKAJISIPHUM BOJIOAIE BITHOCHO BHCOKOIO
POYKTUBHICTIO.

[Tin BeKTOpHMM KepyBaHHsSM (Ha BIJIMiIHY BiJl CKaJIIPHOTO KEpYyBaHHS)
PO3YMIIOTh TaKe PETYJIIOBaHHS CIEKTPOJIBUTYHA, TIPH SKOMY CHTHAJIA
BUPOOJISIIOTHCS HA TIJICTaBl MaTeMaTU4YHOI MOJeNi eNleKTpoaBuryHa. [lpu npomy
MaTeMaTU4yHa MOJENIb TMOBUHHA 3a0e3MedyBaTu HE TUIBKM KEpPyBaHHS MUISTXOM
dbopMyBaHHS TapMOHIMHHMX CTpyMIB, a W 3a0e3rneuyBaTh KepyBaHHS MarHiTHUM
MOTOKOM pOTOpa. Y JiTeparypi Mpolec BEeKTOPHOTO KepyBaHHS YacTO OMUCYEThCS
K TPOLEC B3a€EMOAII KEPYIOUOTO MPHUCTPOI0 3 TaK 3BaHUM «IIPOCTOPOBUM

BEKTOPOM» 00EPTOBUM 3 HACTOTOIO MOJIS ABUTYHA.



16

Wy

y 2 "
©, __®

¥

g PR

Pucynox 1.2 — CTpyKTypHa cXxema CUCTEMH CTPYMOBOT'O K€pYBaHHS

[Tpu moOym0oBi CUCTEM TPAHCBEKTOPHOTO KepyBaHHS B Tiil a00 B iHIIIN dopmi
BUKOPHCTOBYIOTHCS MaTeMaTUYHI MOJIEJII aCHHXPOHHOTO ABUTYHA, 10 JO3BOJISIOTH
CTBOPUTHU HE3AJIEKHI KaHAJIM KEPYBAHHSI O30BXHIMHU 1 IONIEPEYHUMHU CKIIAJOBUMU
CTpyMy ctaTopa. Po3rasHeMo crodatky Ha TpHUKIaAl CTPYMOBOTO KepyBaHHS,
TOOTO Takoi CUCTEMM KepyBaHHS, ska (opmye ¢aszHi cTpymu crartopa. Jis
CIpPOIIEHHSI BHUpa3iB OOMEXHMMOCS NBO(A3HUM TMOJAHHSM MAIWHU, TOMY IIIO
BIIMIHHICTh HOTO BiJ TpuQa3HOro Mosra€ B HECYTTEBOMY IS HAIIol 3amadyi
NMEpPEeTBOPEHHSM uucia (a3 MHOXKEHHSIM Ha TOCTIHHI koedimieHTH. Jls
CJIEKTPOMArHiTHOTO MOMEHTY AaCHHXPOHHOTO [IBUTyHa KEPOBAaHOTO CTPYMOM
cTatopa CIHiiye, IO PEryjIloBaHHS MOXE IMPOBOJUTHCA JIBOMAa CUTHAJIAMMU:
MOTOKO3YETUIEHHS 24, & TAKOX YaCTOTO POTOPA 2 a00 MOMEPEYHOIO CKIIAJOBOIO
CTpyMy ctatopa l1g. CIO4aTKy Ha CHUCTEMI 3 KEPYIOUMMHU CHTHAJaAMHU Y24 1 2.
VYceepenuni AT (puc.1.2), mo310BXHS (14 1 IOTIEPEUHA 14 CKJIAJIOB1 (POPMYIOThCS 3
CUHYCOIJaNbHUX (Pa3HUX CTPYMIB i1q 1 [1p MEPEXOJOM 0 CHUHXPOHHOI CHUCTEMU
KOOPJIMHAT 3a JIONIOMOTroro potatopa e/, Tomy, axmio B mpuctpoi kepysanns (ITY)
3MIHCHUTH 3BOPOTHE IIEPETBOPEHHA e/l mo 3B'A3ye CKIamoBi CTpyMy i14 i lig
MOTOKO3YETNIEHHS Y24 1 4YaCTOTOI0 POTOpPa ®2., TO BXIAHUMH CHUTHaAJaMU OyAyTh
KOOPJIMHATH, 1110 BU3HAYAIOTh eNleKTpoMarHiTHuil MoMeHT AJl. EnemenT npuctporo

KepyBaHHSI, IKUW peanidye nepenaBaibHi GyHKIIT i1d = F (Y2q) 1 i1 = F (®2, Y2q)
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Ha3MBA€ThCA 3a3BHYail 0J10kOM po3B's3ku kKoopauHat (PK), Tomy 1o BiH dopmye
CUTHAJIM, BIAMOBIHI HE3aJIE)KHUM (PO3B'sI3aHUM, PO3/IIJICHUM) TIPOCKIIISIM BEKTOpa
CTpyMy cTaTopa. SKIIO B SKOCTI BXIJIHUX CHUTHAJIB MPUCTPOIO KEPYBAHHS
BUKOPUCTOBYBATH Y24 1 1q.

3a CTPYKTYpHOIO CXEMOK pHCYHKa 1.2 MOXHaA MPOCTEKUTH, IO
nepeaaBajibHa (QYHKINS OJIOKIB, BKIIOYEHHX MK TOYKAMH CXEMH BiJIIOBIIHUM
CUTHAJIaM TTOTOKO3YETUICHHS 1 YaCTOTH POTOPa JOPIBHIOE OAMHUIN (Y2d = Y 245 02 =
2. TakoX MOXHa BIA3HAYUTH, IO MPUCTPIA KepyBaHHS pucyHka 1.2 Moxe
BUKOHYBATH CBO1 (PYHKIIIi TUIbKM 3a Ti€l yMOBH , 110 mapameTpu AJl, 110 BXOASTh
JI0 TepenaBaibHOT (PYHKINT MOr0 JTAHOK BIiAMOBIJAIOTH ICTUHHHUM 3HAYEHHSIM, B
IHIIIOMY BWMAJAKy BHHUKAE€ HEY3TO/HKCHICTh CHUCTEM KOOPJIMHAT JBUTYHa 1
MPUCTPOIO KEPYBAaHHS, 110 NMPUBOAWTH JO BTPATH Mpare3qaTHOCTI mpuBoxy. Lls
oOCTaBMHA CTBOPIOE TPYJIHOII MPHU peanizailii CUCTeM BEKTOPHOI'O KEpyBaHHS Ha
npakTtulll (Tomy 1o napametpu AT 3MiIHIOIOTBCS B MpoIeci poOoTH). 30Kkpema 1ie
BIJIHOCUTBCSL 10 3HaY€Hb aKTUBHUX omopiB. CucrteMa KepyBaHHS Ha PUCYHKY 1.2
nependadae (GopmyBaHHS CTpyMiB B 0OMOTKax cTaTopa, IO BOJOIIE
BJIACTUBOCTAMU JDKepesa cTpymy. OJHAaK Ha MPaKTHUINl MOXKIMBE BUKOPUCTAHHS
mxepen EPC abo nHanpyru. BiacHe, 1e cTOCyeThCs TUIBKH OJIOKY PO3B'SI3KU
koopauHart. [Ipu Bubopi mns [1Y Tux ke BXiMHUX CUTHATIB (Y24 1 ®2), OYCBUIHO,
[0 BUKOPWUCTAHHSA IWUX (QYHKIIH CKpyTHE 1 Ha MPAKTHI[l TOMMJIKH BUKOHAHHS
MaTeMaTUIHUX ONepalliid 1 BiAXmIeHHS mapaMmeTpiB A/l Bij 3HaUYCHb BKIIOUCHHX B
nepenaBasibHi (QYHKIIIT JaHOK MPUBEIYTH A0 MOBHOI HEMpaIe3aaTHOCTI MPUCTPOIO.
[TonermmTy 3aBOaHHS MOXHA, SKIIO BpaxyBatd, 1o porop AT Bonoaie myxe

BEJIMKOIO €JIEKTPOMArHITHOIO TOCTIHHOI0 4acy 1 HOTO MOTOKO3YEIICHHS MOXKe

3MIHIOBATHCS TIJIBKH BiJTHOCHO MOBLIEHO, TOOTO dy2q/dt =0 .
CtpykTypHa cxema IMPHUCTPOIO KePyBaHHSA, B SIKOMY peati3oBaHi I (GyHKIIi1
CKJIa/IHIIIA, HIXK PUCTPI1M KEPYBaHHS JJI1 CUCTEMH 3 JOPMYBAHHSAM CTPYMY CTaTopa

A/l (puc.l. 2). KpiMm TOro, B HhOMy BUKOPUCTaHI HAOJIMKEHI BUPA3H, 110 BHOCATH
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NOMMJIKY B JUHAMIUYHUX peXUMax. ToMy MOXHa 3pOOUTH BUCHOBOK, 1110 CUCTEMHU
KepyBaHHS 3 (OPMYBaHHSIM HAIIPYTH CTaTOpPa 3aCTOCOBYIOTHCS PiJIKO.

VY cyyacHiil mpakTUIll BUTOTOBJICHHS CUCTEM KepyBaHHS €JIEKTPOIBUTYHAMH,
0 BHUKOPHUCTOBYIOTh MPHUHIIMIN BEKTOPHOTO KOHTPOJIO, PO3IJIAIAI0Th JBa
OCHOBHHMX MIJIXOJU 10 peani3alii BeKTOpHOro kepyBaHHs. Ilepmmii mae Ha yBasi
BUKOPUCTAHHS JAaTYMKaA 3BOPOTHOTO 3B'SA3KY IO MIBUJKOCTI B KOHTYP1 KepyBaHHS.
Hpyruit nependavae kepyBaHHs 0€3 AaT4yrKa 3BOPOTHOTO 3B's13Ky. [lepimii Bapiant
JO3BOJISIE peali3yBaTH HAWOUIbII TOYHE IO IIBUJIKOCTI 1 MOMEHTY KepyBaHHS
eJIeKTpOoABUTYHAMH. J[pyre Moke OyTH mpuBabIMBUM B CHITY (JiHAHCOBUX ACIEKTIB.

BektopHe KepyBaHHs €IEKTPONPUBOJAMU B JaHUKW Yac Ma€ CepUO3HE
MOIUPEHHS B MPOMUCIIOBOCTI. B nanHumii yac, mepeTBoproBavi 4aCTOTH Peali3yloTh
KEepyBaHHs JABUTYHAMU 3 BUKOPUCTAHHSM aJITOPUTMIB BEKTOPHOT'O KEPyBaHHS, 110
3aCTOCOBYIOTH JUIsl €eKTponpuBoAiB BepctatiB (UIIY).

[IpakTrka 3aMiHM BepCTATHUX IMPHUBOJIIB MOCTITHOTO CTPYMYy Ha aCHHXPOHHI
eJIEKTPOJIBUTYHH 3 BEKTOPHUM KEPyBaHHIM OCTaHHIM YacOM OTPUMYE BCE OLIBITY
NOMYJISIPHICTb.

Jlist BepcTaTHOro MapKy NPHUHIMI BEKTOPHOTO KEPYyBaHHS, SIK TMPABUIIO,
pealtizyloTh 3 BAKOPUCTaHHS TaTYMKIB 3BOPOTHOTO 3B'A3KY.

CucreMu BEKTOPHOTO KepyBaHHsS 0€3 AaTYMKIB 3BOPOTHOTO 3B'A3KYy MOXKHA
BUKOPUCTOBYBATH Yy BUIIAJKaX, KOJW HEOOXITHO B PEXKUMI IMYCKY 3a0€3MEYUTH
rapaHTOBaHW 3HAYHUM MOMEHT Ha Bally ACHHXPOHHOTO €JIEKTPOJIBUTYHA.
Hampuknaz, Taki CHCTEMU BHKOPHUCTOBYIOTH ISl TIMOMHHUX HACOCIB B CHCTEMax
BOJIONIOCTa4aHHsl. YaCTOTHI IEpEeTBOPIOBaYi 3 BEKTOPHUM KEPYBaHHSAM BUITYCKAIOTh
MIPAKTUYIHO BCl BEJIMKI BUPOOHUKHU MEPETBOPIOBaUiB 4acToTh. Cepel HUX SIMOHCHKI

dipmu Fuji, Omron, Schneider, 1 iH.
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1.2.3 BekTopHe 6€31aTYMKOBE KEPYBAHHSI

BekTopHe 6e31aTunKOBE KEPYBaHHS JO3BOJISIE BIAYYTHO 301JIBILIMTH J11al1a30H
kepyBaHHs 70 1: 1000 1 Bumie, TOYHICTh PETyJIFOBAaHHS MO MIBHUJKOCTI — JI0 COTHX
JaCTOK B1JICOTKA, TOUYHICTh II0 MOMEHTY — JIO OJIMHHII B1JICOTKA.

Y 4acTOTHO - peryjJbOBaHMX ACHHXPOHHHUX EJIEKTPONPUBOAAX BEKTOpPHE
KepyBaHHs IMOB'sI3aHO 5K 31 3MIHOIO YaCTOTH 1 TIOTOYHUX 3HAYCHb 3MIHHUX (HAIIPYTH,
CTPYMY CTaTOpa, MOTOKO3YEIJICHHS), TaK 1 3 B3aEMHOIO OPIEHTAIIIEI0 1X BEKTOPIB B
JIEKapTOBiM CUCTEMI KOOpJIUHAT.

3a paxyHOK peryJtoBaHHS 1 aMILUTITy THUX 3Ha4Y€Hb 3MIHHUX, 1 (a30BUX KyTiB
MK iX BEKTOpaMHU JOCATAETHCS HAMOUIbII SIKICHE PEryJIOBaHHS IIBUIKOCTI,
MOMEHTY 1 CTPyMy aCHHXPOHHOT'O JIBUTYHA, K B CTAaTHII, TaK 1 TMHAMIIII.

Y Tux BUMNaAKaxX, KOJM YCTaHOBKA JaTyWKa IIBUJKOCTI YTpyJHEHA —
HaIPUKJIaa, IPU MOJIEpHI3AIlll ICHYIOUHUX CUCTEM E€JIEKTPOIPUBOAY, 400 HEMOXKIIMBA
3a KOHCTPYKTHBHHMHU OCOOJIMBOCTSIMU MPHUBOJY, 3aCTOCOBYETHCS O€3AaTUYMKOBA
crcTeMa KepyBaHHS.

AnTropuT™M poOOTH 1Ii€1 CUCTEMHU KEpYBaHHS IPYHTYETHCS Ha 1HPOpMALIii, 110
HAJXOIUTh TUIBKH BiJl JATUYUKIB CTPYMY 1 HAIIPYTH CTaTOpa ABUTYHA.

3a BUMIPSSHUMH CTaTOPHUX CTPYMIB 1 Hampyr MOXYTh OyTH OOYMCIIEHI BCl
HEOOX1mHI s MOoOyJAOBH CHUCTEMH KepyBaHHS 3MiHHI. Jl0o Takux 3MIHHHX
BITHOCATBHCS, KYT IMOBOPOTY 1 MOJyJIb BEKTOpa MOTOKO3YEIUIEHHS poTopa. Moayb
BEKTOpa BHKOPHUCTOBYETBHCS [UIsl OpraHizaiii 3BOPOTHOrO 3B'SI3KY B KOHTYpI1
KEPYBaHHS TOTOKO3UYEIUICHHS pOTOpa, a KYyT IOBOPOTY 3aCTOCOBYETHCS ISt
opieHTalli o0eprarouoi CcUCTEMH KoopAauHaT. HemoXnuBicTh iX mIPsIMOro
BUMIPIOBAaHHS pOOWUTH HEOOXiMHMM (OPMYBaHHA CHCTEM pO3PaxXyHKY IHX
KOOpJIMHAT Ha MiCTaBl AudepeHiialbHuX piBHIHB. B SKOCTI BXiHUX TapaMmeTpiB
PO3IJIAIAI0THCS CKIIAJ0Bl MPOCTOPOBUX BEKTOPIB HAMpPYr 1 CTPYyMIB cTaropa B
CTal[lOHAPHIA CUCTEMI KOOPJIMHAT, a B SIKOCT1 BUX1IHUX 3MIHHUX — MOJYJIb BEKTOpa
MOTOKO3YEIUICHHSI POTOpa 1 HOTr0 KyT MOBOPOTY B IMPOCTOPI LIOJO CTAI[IOHAPHOT

CUCTCMHU KOOPpAWHAT.



20

BekropHe kepyBaHHsI, Oy Iy4d BUIOM MOJIAJILHOT'O KEPYBaHHS, BOJIOJII€ BCIMA
roro nepearamu: MogasibHa CAK He BUMarae rnepeBipk Ha CTIHKICTh; HE BUMArae
BBEJICHHS JIOJJaATKOBUX KOPUTYIOUHX MPUCTPOiB; BBeAeHHs Moaanbaux 3111, B crry
ix 0e3 IHepIIHHOCTI, HE IIIBUIIYE TOPSIOK 00'€EKTa 1 HE TOPYIIYE HOTO0 KEPOBAHICTh
1 CIIOCTEPEXKIIMBICTh; BIJIHOCHA MPOCTOTA 1 €KOHOMIYHICTh TEXHIYHOI peasi3arii
MoaanbHux CAK.

VY Toii e yac mpu HETOYHOCTI MOJIeJli, HEBIpPHOMY OOJIIKY 30BHIIIHIX 30ypeHb
1 3MIHHHMX [TapaMeTpiB KepyBaHHS BTpava€e CTIMKICTh ( «PO3BATIOETHC).

Kiac cucrem kepyBaHHs 6€3 3aCTOCYBaHHS 30BHIIITHIX JaTYUKIB 3BOPOTHOTO
3B'SI3KY MO IIBHAKOCTI IIMPOKO 3aTpeOyBaHUM depe3 CKIIaIHI YMOBU E€KCILTyaTallli
JNESKUX TIPUBOJIIB 1 MpPAarHeHHS IMABUIUTH HATIHHICTh €JICKTPOIPUBOIY 3
OJTHOYACHHUM 3HIDKEHHSIM MOro co0iBapTOCTl. BEekTOpHE KepyBaHHS 3aCTOCOBYETHCS
B TOMY BHUIIAJIKY, KOJH B MPOIIEC] EKCIUTyaTarlii HABaHTKEHHS MOYKE 3MIHIOBATHCS
Ha OJHIM 1 TIM K€ YacTOTi, TOOTO HEMA€ YITKOI 3aJIEKHOCTI MK MOMEHTOM
HAaBaHTAXEHHS 1 MIBUAKICTIO OOEpTaHHS, a TAKOXK y BHUIIQJIKaX, KOJIM HEOOXIiTHO
OTpUMATH PO3IIUPEHUN Jiama30H pETryJIOBaHHS YacTOTH TPH HOMIHAJIBHHX
MoMmeHTax, Hampukiaa, 0..50 I'm gis momenty 100% Bix Muow, I1€ JT03BOJISIE
30UIBIIUTH J1alTa30H KePyBaHHS, TOYHICTh PETYyJIFOBAHHS, MIABUIIUTU IIBUIKO/IIO
enekTpornpuBoay. Lleit Mmeron 3abe3nedye KepyBaHHsI KpyTHUM MOMEHTOM JIBUTYHA.
MowmeHT, 1m0 o0epTae BU3HAYAETHCS CTPYMOM CTaTopa, KU CTBOPIOE 30Y/IMBE
Mar"iTHe mone. Ilpu Oe3nocepenHbOMY KepyBaHHI MOMEHTOM HEOOXIJIHO
3MIHIOBATH KPIM aMIUTTYu 1 a3y CTaTOpHOTO CTPyMy, TOOTO BEKTOpP CTPyMY.
BekTopHuii crocid KepyBaHHS II€pETBOPIOBAYEM 4YaCTOTH 3IIMCHIOE sKiCHE
KepyBaHHS  €JICKTPOJBUTYHOM, HIK CKamsipHumid. HamamryBaHHS  Takoro
NepeTBOpIOBaYa BUMara€e OuUIbIl TIMOOKMX 3HAaHb B 00JIaCTI MPUCTPOIO
CJIICKTPOIIPUBOAY 1 EJICKTPUIHUX MAITHH.

[TepeBaru BEKTOPHOTO KEpyBaHHS:

— BHCOKA TOYHICTh PEryJIIOBaHHS MIBUIKOCTI;
— IMIBUAKA pEaklis Ha 3MIHY HABAHTAXXEHHSA: MPU 3MIHI HAaBAHTAKEHHS

MPAKTUYHO HE B1I0YBAETHCS 3MIHH IIBHIKOCTI,



21

— 301IBIICHUH 1ama30H KePYBaHHS 1 TOUYHICTh PETYJIIOBAHHS,

— 3HIKYIOTbCSI BTPATH HA HArpiB 1 HAMarHiuyBaHHS.

J10 HEeZ10JTIKIB BEKTOPHOI'O KEPYBaHHS MOXHA BIJJHECTH:

— HEOOX1IHICTh 3aBJaHHS IMMapaMeTPiB €ICKTPOABUTYHa (BKIOUarouu R 1 L
OOMOTKH);

— BeJIMKa OOYMCIIIOBAJIbHA CKIAIHICTD,

— HECHHYCOiIaJIbHICTh CTPYMIB 1 HAIPYTH;

— He MO’XKHA KepyBaTH KUIbKOMa JIBUTYHAMU;

— B pa3i HeMpaBUJILHUX MMapaMeTPiB BeICHHSI—BUHUKAE 301H.

Bci  enexTpuuHi  MamIMHM - OPAIlOIOTh CXOXKUM  4YWHOM. B Teopii
CJIIEKTPOIIPUBOIY HABITh ICHYE TIOHATTS «y3arajibHEHa €JEeKTpPUYHA MAIIWHAY», 0
SKO1 3BOJSATH poOOTY 1HIIHMX. JJIs TOTO 00 YTOUYHUTH HEOIKH, TUTFOCH 1 MIHYCH
BEKTOPHOTO KepyBaHHS, OyB poO3poOJIeHMH CTeHJ, a TaKoX MPOBEICHUN
CIEKTpaTbHUI aHaTi3.

CnektpanbHuii  a”ami3 cur”HamiB. CHeKTpaJbHUA —aHalll3 TOJIATaE B
PO3KJIaJIaHH1 CUTHAJIy Ha MOro 4acTOoTHI a00 CHEKTpasbHI CKJIAJIOB1 1 OILIHII abo
BUMIpI X XapakTepUCTUK — aMIUNTyAd, ¢as3u, TMOTYXHOCTI, CIEKTPaTIbHOT
HIUTBHOCTI MOTY>KHOCTI Ta 1H.

OCHOBHUMH METOJAMH CIIEKTPAIBHOTO aHamizy € (uibTpoBi (MeTomu
CMYTOBOTO aHaiizy), 6e3 ¢iIbTPOBOro, MapaMeTpPUIHOTO, TTOTOYHOTO 1 3MIHHOTO
aHamizy. Jlo mapameTpiB aHai3aTOpiB CHEKTPa BIAHOCITHCS: YUCIO KaHATIB
aHami3y; Yac CIHOCTEPEXEHHS 1 YHUCIO BIIIIKIB a00 MOBXKWHA OOpOOIIOBAHOT
peanizarliii; cMyra aHajizy, 1110 He TePEBUIINYE JIJis TUCKPETHUX CUTHAIIIB OCHOBHOI
CMYTH CIIEKTpa; JIO3BUI MO 4YacTOTi, 3BOPOTHE, MPOIMOPIiHE dYacy aHaizy 1
BIJIMOBIAHE PI3HUIII YaCTOT JBOX CYCIIHIX J03BOJIEHHWX YAaCTOTHHUX CKJIQJOBUX
curHaiy. CrnekTpaibHUN aHali3 CTAal[lOHAPHUX TapMOHIMHUX cHurHaiiB. CHekTp
aHAJIOTOBOTO CUTHAITY 30CEPEKEHHI B 00MEXKEHIi CMy31 4acTOT 1 1oro mapaMeTpu
MOXYTbh OyTH OILIIHEHI 32 JOMOMOTOI0 CHEKTPAIbHUX XaPAKTEPUCTUK JUCKPETHOTO
€KBIBaJI€HTA, SIKUA (POPMYETHCS IMICIS IMONEPEIHbOI AHAJIOroBOi (unbTpauii Ha

Buxomi AL
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PO3I1J1 2 KOHCTPYKTOPCBKA YACTHHA

2.1 Orasig icHY04HX J1a00PATOPHUX CTEH/IIB

JUisi BUBUEHHSI MEXaHIYHUX XapaKTEPUCTUK PI3HUX THUIIIB €JIEKTPOJABUTYHIB,
0 3aCTOCOBYIOTBCS B TPOMHUCIIOBOCTi, PO3POOJCHO 3HAYHY KUIBKICTh
PI3HOMAHITHUX JabopaTOpHUX KOMIUIEKCIB. [IpM 1IbOMYy BHKOPHCTOBYIOTHCS SIK
HAWTIPOCTIIII CTEHIIN 3 IBUTYHAMH MOCTIHOTO CTPYMY, B SIKHX BUKOPHUCTOBYETHCS
aHaJIOroBa BUMIpIOBaJbHA TEXHIKA, TAK 1 Cy4yacH1 KOMIT'FOTEPU30BaH1 KOMILIEKCH 10
JOCIIIIKEHHIO XapaKTePUCTUK ABUTYHIB IOCTIHHOTO CTPYMY 1 aCHHXPOHHHMX MAIlIUH
[1-4].

BumeBkazanuit  1abopaTopHU  CTEHJ MNPU3HAYEHUW JJIsI BHUBYCHHS
CTYJIEHTaMH CIOCOOIB KEpYBaHHS 1 PEXKHUMIB pOOOTH €JIEKTPONPHUBOAIB 3MIHHOTO
CTPYMYy, IO JKUBJIATHCS Bl mepeTBoproBadiB yacTotw 3 [IIIM. 30BHIIIHINA BHUTJIIST

71a00paTOPHOTO CTEHIy IIPEeACTaBICHUM Ha pUCYHKY 2.1.

Pucynox 2.1 — 3oBHinmHI# BUJ 1a00paTOPHOTO CTCHIY

CTeH]1 cKITalaeThes 3 IBOX OCHOBHUX KOMITIOHEHTIB, a caMe NaHesl KepyBaHHS
1 EJIEKTPOMEXaHIYHOI CHUCTEMHU B3a€EMOIMOB'S3aHUX JBUTYHIB 3MIHHOTO CTPyMY:
ACHHXPOHHOTO JIBUTYHA 3 KOPOTKO3aMKHEHHM POTOPOM i CHHXPOHHOTO JBUTYHA 3
NOCTIHHMMHU MarHiTaMu. Ha Baly acMHXpOHHOTO JBWUTYHa i 3a0e3lneyeHHs
CTIHKOT POOOTH CHCTEMHU Ha HM3bKUX IIBUJKOCTSIX BUKOPUCTAHUHN IUJIIHIAPUIHUN
peaykrop Transtehno 3 xoedimienrom peaykmii 1:3. Banu gocmipkyBaHUX MaIllWH

3'eqHaHl MK CcOOOI0 TMacoBOIO IMEpenayero, WI0 JI03BOJISIE JIOCIHIIXKYBaTH
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XapaKTEPUCTHKHU €JIEKTPOMEXaHIYHOT CUCTEMU 3 YpaxyBaHHSIM BILTUBY MPY>KHOTO
3B'SI3Ky. SIK JaT4YMK 3BOPOTHOTO 3B'SI3KY MO HIBUIKOCTI BUKOPUCTOBYETHCA (POTO-
IMITyJIbCHUI JAaTYUK MOBOPOTY (€HKOJAEp), BCTAHOBJIICHHM HAa Bally CUHXPOHHOT'O
nBuryHa. IlaHenb KepyBaHHS €JIEKTPOJBUTYHAMH MICTUTH CEPBOIEPETBOPIOBAY
TSTA-20C nns kepyBaHHS CHHXPOHHHMM JIBUTYHOM, IEPETBOPIOBAY YaCTOTH
E82EV152K4C Lenze mist peryntoBaHHS IIBHUIKOCTI aCHHXPOHHOTO JBHUTYHA, a
TakoX BuMiproBaibHi npwiagn TPM202 OBEH 3 yHiBepcadbHUMHU aHaJIOTOBUMHU
BXOJIaMH.

KepyBaHHs MBUIKICTIO 0OEpTaHHS CHHXPOHHOTO JIBUTYHA 31HCHIOETHCA 32
JIOTIOMOT'OI0 30BHIIIHBOIO TMEpeMHUKaya, 10 MOJAAa€ KOMaHAy Ha J03BUI poOOTH,
NOTEHLIOMETpa, MiJIKJII0UYEHOr0 JI0 aHaJOr0BOr0 BXOJy CEpPBOIEPETBOpIOBayYa Jis
3aBJaHHS HANIPYTH KepyBaHHS, a TAKOXK MIPUXOBAHOTO TyMOJiepa /Uil MepeMHUKaHHS
PEXHUMIB POOOTH CUCTEMH.

KepyBanus neperBoproBadueM 4acToTH Lenze 371HCHIOETBCS 3a JOTIOMOTOO
TymOJiepa J103BOJy pOOOTH 1 KHOMOK KepyBaHHs SB1, SB2, mo 3a0e3neuyiorh
PETYIIOBaHHS IIBUIKOCTI JIBUTYHA B PEXHMiI «MOTOp MOTEHITIOMETpa». B mpoMy
BUMAJIKYy TpPH HATHCKaHHI KHOMKM SB1 mBHAKICTE 00epTaHHS ACHHXPOHHOTO
JIBUTYHA MIOYMHAE 301IBITYBATUCS 1 CTa0UTI3yETHCS HA 33ITAHOMY PiBHI MPHU BIJIITYCKY
kHOomKW. Ilpm HaruckanHi KHONMKHM SB2 MBHAKICT, aHAJIOTIYHUM YHHOM
3MEHIIYETHCA.

Jlist BigoOpakeHHsI HIOTOYHUX MapaMeTpiB pOOOTH B3a€MO3ATIEAKHOI CHCTEMHU
CJIIEKTPOIIPUBOIY BUKOPHUCTOBYIOTHCSI MyJIbTH 1HAMKAIlT TAHUX MEPETBOPIOBAYIB 1
BuMiptoBasibHI mipuiagu TPM202 OBEH. [lo BxoaiB mnpuiaaiB MiIKJIIOYECHI
aHAJIOTOB1 BUXO/IM CEPBOIIEPETBOPIOBAYA 1 IEPETBOPIOBAaYA YACTOTH (HABAaHTAXKCHHS
1 paktruna mBUAKICTh 3 TSTA-20C, ctpym nBuryHa 3 ES2EV152K4C).

[Ipy  fmOCHKEHHI  CTaTUYHUX  XapaKTEPUCTUK  E€JIEKTPONPUBOAY 3
CUHXPOHHUM JIBUTYHOM HAaBAaHTAXKCHHS (POPMYETHCS 32 PaxXyHOK 3MIHM YaCTOTH
oOepTaHHsi acUHXpOHHOro naBuryHa. CTpyM cTaropa CHHXPOHHOI MAaIIUHU
(akTUYHO BU3HAYAETHCA PI3HULEI CHUHXPOHHMX MIBUAKOCTEH 0OOEpTaHHS

JOCITIIKYBAaHOTO 1 HABAHTAKYBAJIBHOTO JIBUTYHIB.
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[Ipu mocnimpkeHHI CTATHYHHUX XapaKTEPUCTUK 3 ACHUHXPOHHUM JIBUTYHOM
CEPBOIIEPETBOPIOBAY, KEPYIOUHH CHHXPOHHUM JIBUTYHOM TIEPEBOJIUTHCS B PEIKHUM
OpsIMOTO KEpyBaHHS MOMEHTOM 3a JOMOMOror TymOnepa. B mpomy Bumanmky
cepBocucreMa (popMye abCOIIOTHO M'SIKY XapaKTEPUCTUKY, 1 IIBUJIKICTh 00€pTaHHS
CHCTEMH BH3HAYAETHCS 3aBIAHHSIM II0 IIBHIKOCTI OOEpTaHHS aCHHXPOHHOTO
JIBUTYHA.

HasBHicTs y cepBomneperBoproBaua iHTepdeiicy RS232, mo 3abesneuye
nepeaavy aanux no nporokoiay Modbus RTU, npu3BoAUTE 10 MOXKIMBOCTI 3HATTS
HE TUIBKM CTAaTHYHHX, ajieé TaKOX 1 JUHAMIYHHUX XapaKTEPUCTHUK JIOCIIIKYyBaHHUX
CIICKTPOMEXaHIYHUX cHUCTeM. lIpu 1BOMY CTYIEHTH OTPUMYIOTH MOXKIIHBICTh
JOCIIKYBaTH BILIUB Koe(dirieHTiB [II-perynaropa IIBUKOCTI
CEpBONEPETBOPIOBAYA, 3HATH KPHUBI IMEPEXIJTHUX IMPOIECIB MPHU IMYCKy 1 3MiHI
HAaBAaHTAXKECHHS. Onniero 3 0CcoOJMBOCTEM BHUKOPHUCTOBYBAHOT'O
CEpBOIIEPETBOPIOBAYA € MOKJIMBICTD 3allyCKy aBTOMATHUYHOTO HaJAIITyBaHHS IS
CUCTEMH KepYBaHHS KOHTYPY cTa01Ii3allii MBUIKOCTI. Y IIbOMY BUIIAJKY CTYJCHTH
MOXKYTbh MOPIBHATH SIKICTh MEpPEXIAHUX MporeciB npu nmapamerpax [lI-perynstopa
MIBUAKOCTI, OTPUMAHUX TMpPH TEOPETHUYHUX PO3paxyHKaxX, OOpaHUX EMIIPUIYHUM
NUITXOM, a TaKOX MICIs TPOIEAypPH aBTOMAaTHYHOTO HalamTyBaHHsA. Sk 3aci0
Bi3yaii3alili JUHAMIYHHUX  XapakTEepPUCTUK TMPU MYCKy 1  pEryiaroBaHHS
BUKOPHUCTOBY€EThCS nporpamue 3abe3neuerdss TED Servo Software.

Cren npu3Hauye€HUM N7 JEMOHCTpAIlii 1 AOCTIKEHHS pOOOTH YaCTOTHO-
peryiapoBaHOTO 3-(a3HOTO ACHMHXPOHHOTO JBUTYHA, BHKOPHUCTOBYETHCS IS
npuaOaHHS 1 3aKpIiIUICHHS TPAKTUYHUX HABUYOK KEPYyBaHHS aCHHXPOHHUM
JIBUTYHOM 3a JIOTIOMOTOI0 IIEPETBOPIOBaYa YaCTOTH.

CteHl MICTUTB IPUCTPIH 7151 OTpuMaHHs 3-(ha3Hoi HaPyTu 3MIHHOT YaCTOTH
(4acTOTHUI MEepeTBOPIOBaY) 1 ACHHXPOHHUI JBUTYH, HABAHTAXKECHHSI HA SIKUWA MOXKeE
3MIHIOBATHCSI BPYYHY 3a JOIOMOIOK MPOCTOro (PPUKIINAHOrO rajibma, 3aco0iB
KOHTPOJIIO 1 KEpyBaHHH.

JlaGopaTtopHui CTEHJ MICTUThb JOCTaTHIA HaOlp TEXHIYHMX 3acO0IB s

JEMOHCTpalii poOOTH YaCTOTHO-PETYJIbOBAHOTO  3-(pa3HOTO  ACHMHXPOHHOTO
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JBUTYHA, JOCTIDKEHHS 1 17 HaOyTTS MNPaKTUYHUX HABHUOK KepyBaHHS
ACHHXPOHHUM JBUTYHOM 3a JOMOMOI0I0 MepeTBOproBada 4acToTu. OCHOBY CTEHIY
CKJIaJIal0Th MEPETBOPIOBAY YACTOTH 1 aCHHXPOHHUH JBHUTYH.

IcHyrOTh 1 1HIINI CMOCOOM KepyBaHHS YacTOTOK OOEpTaHHS JBUTYHA, ajie
YaCTOTHUM NIEPETBOPIOBAY € HA CHOTOJIHIIIHIN IeHb HACYyYaCHIIIUM 1 €(DeKTUBHUM,
JI0 TOTO 3K, peajizailisi Tak 3BaHOTO BEKTOPHOT'O KepyBaHHS J03BOJISE TT030YTUCS BiJl
OUTBIIOCTI HEOJIKIB BIIACTUBUX YACTOTHOMY KEPYyBaHHS aCHHXPOHHUM JIBUTYHOM.
P03BHUTOK «iHTEIEKTY» MEPETBOPIOBAYA TO3BOJISIE OTPUMATH MacCy 1HIIUX KOPUCHHUX
dyHKI1ii 1 HaBiTH OyayBaTH JToKanbHl CAP, Hanmpukiaa Ha Hacocax ISl MATPUMKH
PIBHSI pIIMHU, AJis cTabuIi3alli TUCKY B TpyOONpoOBO/II 1 1H.

3arajbHUM BUTJISAL CTEHAY MPEACTABICHUN HA PUCYHKY 2.2.

ACHHXPOHRMIT IBHTYH

Tlepernoprosay
" BCTOTH

- ,'lﬂl‘ﬂll\' HIBILIROCT)

Kuonka
BRITIOSICHHR
CTCHAY

— Oraun xepypanus

~ lllaci

Pucynok 2.2 — Jlaboparopuuii ctern «HactoTHe KepyBaHHS aCHHXPOHHUM
nBuryHom» ¢ipmu CiMeHc
1—- acMHXpOHHMI IBUTYH; 2 —4acTOTHUM neperBoproBad Micromaster 440;
3— TaJIibMO; 4— MaTYMK MIBUAKOCTI 0OepTaHHS aCHHXPOHHOTO JBUTYHA (€HKOAED);

5— opraHu JAMCTAHIIITHOTO KEPYBaHHS YaCTOTHUM MEPETBOPIOBaYEM; 6— maci

[Ilaci Hece Ha coOl YAaCTOTHUN MEPETBOPIOBAY, ACUHXPOHHHWHA IBUTYH 3
JaTYNKOM YaCTUHU OOCpTaHHS, TaJbMO, OPTaHU PYYHOTO KEPYBaHHS 1 KHOIKY

BKIIFOUCHHSA CTCHOA.
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YactoTHuii nepeTBoproBay )uBUTHCS Bl Mepexi 220 B, 50 I'u. Bin cTBoproe
Ha CBOeEMY BHXO0/1 3-a3Hy HaNpyry nNoTpiOHOI YaCTOTH 1 aMIUTITY AU, IKA TIOJIA€THCSA

Ha OOMOTKY CTaTOpa aCUHXPOHHOTO0 ABUryHa (A/l).

3~ 380B 50 'y 1~ 220B 50 'y,

0= T

VD1-vVD4

Pucynox 2.3 — IIpunnumnoBa cxema 1ab0paTopHOTO CTCHIY

JlaGopatopHa ycTaHOBKa OBHMHHA 3a0€31€4yBaTH:

— 3HATTS CTATUYHHX 1 JUHAMIYHUX XapaKTEPUCTUK EJICKTPOIPUBOY Y BCbOMY
Jlana3oHl PeryIOBaHHS YaCTOTH €JIEKTPOIPUBOY;

— IyCK, PETyJIFOBaHHS YaCTOTH OOCPTaHHS, PEBEPC 1 3yIUHKY JABUTYHA;

— pEryJIIOBaHHS BEIMYMHU HABAHTAKECHHS HA BaJly BUITPOOYBAHOTO JBUTYHA;

— MOXJIMBICTH JIOCIIIKEHHS JICKIJTLKOX MTEPETBOPIOBAUIB YACTOTH;

— 3aXUCT NEPETBOPIOBAYA 1 JBUTYHA BiJ] IEPEBAHTAKEHD 1 CTPYMIB KOPOTKOTO
3aMHUKaHHS,

— eHepro30epiraroui pillieHHs.

JlaGopaTopHuii CTEH] CKIIAJAETHCSI 3 MaKeTa poOOYOT0 MICIlsl, 00JIaTHAHOTO

Tpuda3HIM aCHHXPOHHUM JIBUTYHOM, TIEPETBOPIOBAYEM YaCTOTH, MPOTPAMOBAHUM
JIOTIYHUM KOHTPOJIEPOM, a TaKoX HAOOpOM pi3HUX mepudepiiiHuX TPHUCTPOIB.

30BHIIIHIN BUTJISA] CTEHAY MPEACTABICHUN Ha PUCYHKY 2.4,
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PucyHnox 2.4 — 30BHILIHIN BUTJISA 1 PO3TAIIYyBaHHS €JIEMEHTIB CTEHIY

3MIMCHUTH KEepyBaHHA 1 MOHITOPUHI pPI3HMX TapaMeTpiB MOXKHa 3a
JIOTIOMOTOI0 ~ HACTIIBHOTO  TMEPCOHAIBHOTO  KOMMO'IOTEpa 1  MPOTrpamMHOrO
3a0e3ne4YeHHs], BCTAHOBJICHOT'O Ha HHOMY.

JlaHuii CTeH1 CKIaAa€eThCS 3 HACTYITHUX KOMITOHEHTIB:

1. ABromatnyni BumuKkaui (puc. 2.4, Nel) — mpuctpoi, mpusHayeHi s
KOMYyTaIlii eNeKTpUYHOI MEepexki, a TaKOXX IJisi 3aXUCTy KabemiB 1 MPOBOJIIB Bif
CTPYMIB MEPEBAHTAXKEHHS, 1 KOPOTKOTO 3aMUKAHHSI.

2. Knemuanku (puc. 2.4, Ne2) — mpuctpiil, mpu3HAYEHUW I CHPOIICHHS
KOMYTaIlii MpOBO/IIB.

3. Ixepeno xxuBnenns 220 / 24B 60Bt (puc. 2.4, Ne3) — Ha naHOoMy CTEeHI
BKJIIOUcHE B JaHIOT xuBjaeHHS [1JIK micist aBromaTtnunoro sumukada QF1.

4. Kontponep Mitsubishi Alpha XL Al2-14MR-D (puc. 2.4, Ned) —
IPOrPaMOBAHUI JIOTTYHUIA IPUCTPIH, MPU3HAYCHUN ISl KEPYBaHHS JBUTYHOM.

5. Pene 24VDC 2CO 300pakeHi Ha pUCyHKY 2.4 i HOMEpOM 5.

6. Yacrotauii meperBoproBau FR-E720S-030SC-EC (puc. 2.4, Ne6) —
MPUCTPIiA, IO CITYKUTH JIJIs1 KEPYBAHHS IBUTYHOM 3MiHHOTO CTPYMY, 1110 KOHBEPTYE
MOCTIIHY HaMpyTy 1 4acTOTy MEpeXk1 B 3MIHHY HANpPYTY 13 3MIHHOIO YacTOTOIO.

7. Acunxponnuii Tpudasznuii asuryn SAI 63B4 — enexTpoaBuUryH

notyxHicTio 0,37 kBT, 300paxenuit Ha pucyHKy 2.4 mij HOMepom 7.


https://digiratory.ru/wp-content/uploads/%D0%92%D0%BD%D0%B5%D1%88%D0%BD%D0%B8%D0%B9-%D0%B2%D0%B8%D0%B4-%D1%81%D1%82%D0%B5%D0%BD%D0%B4%D0%B0.png
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8. [lanens pyuHoro kepyBaHHs (puc. 2.4, Ne§) — CHyKuUTh ISl Py4YHOTO
KEpYyBaHHS CTEHJIOM 1 CKJIAJIA€ThCS 3 HACTYIMHUX KOMIIOHEHTIB:
1. [Torenuiometp 1 kOm
. [Torenmiometp 5 kOm
. Ilepemukau 2 mour. (6 1mrt.)
. [Tepemukau 3 mout.
. Bomet™meTp crpinounuii 0...10B

. BoasT™meTp crpinounuii 0...25B

~N N L Bk~ LN

. CurnasipHa jtamma (6 mT.)

9. Hatuuk Xomia (puc. 2.4, Ne9) — HeoOX1IHMI 7S MiJIpaXyHKY 0OOpOTIB
JIBUTYHA.

CreHn Mae ABa aBTOMAaTHYHMX BHUMHKaya, SIKi KOMYTYIOTH JIBa HE3aJI€XKHI
OJIMH B1Jl OTHOTO JIAHIFOTa YKUBJICHHS.

ABTOMATHYHUN BUMHKA4d Imija mo3HadeHHsM QF1 mnpusHaueHud s
KOMYyTallll JAHIIora »UBJEHHS MPOrPaMOBAaHOIO JIOTIYHOTO KOHTpoOJiepa, pele,
KEpyIOYHMX BXOJIB YaCTOTHOTO MepeTBoproBaya. [lanuii nanitor Mmae Hanpyry 24B
MOCTIHOTO CTPyMY MICIIs JKEpena )KUBICHHS.

ABTOMaTUYHUN BHUMHKay 117 mo3HauyeHHsIM QF2 npusnayeHuit s
KOMYyTaIlil JIAaHIFOTa >KUBIICHHS YaCTOTHOTO TIepeTBOpIOBada 1 TpudazHoTro
aCMHXpPOHHOTO NBUTyHA. JlaHuii nauiror mae Hanpyry 220B 3MiHHOTO CTpyMYy.

BpaxoByroui Bci HEAOIIKH Yy poOOTI ICHYIOUMX JIa0OPAaTOPHUX CTEH[IIB ICHYE
HEOOXIHICTh y CTBOPEHHI CYYacHOTO Ja0OpaTOPHOTO CTEHAY C TOYHOIO

aBTOMATHKOIO.
2.2 Po3po0Oka pyHKIiOHAJBHOI CXeMa CTeHAY
Buxonsum 3 Bumie o3HadeHoi 3amadi po3poOJCHUI JOCTITHUN CTEHI, BCl

€JIEMEHTH CTEHJy PO3MIIICHI 1 3aKpiIUIeHI Ha TBEpJii Heroprodid ocHoBi. J[s

3arno0iraHHsl TPaBMYBaHHIO OCIO, SKI NPALIOIOTh 31 CTEHIOM, NependadyeHui
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3aXUCHUN KOXYX, IO 3aKpPHBA€ BCI OOEPTOBI YAaCTUHU CTEHIY, CTPYMOTPOBIJIHI
€JIEMEHTH 130JIbOBaHI1, epe0aUYCHO 3aXUCHE 3a3EMJICHHS.

OyHKITIOHATBHA CXeMa 300pakeHa Ha PUCYHKY 2.5.
« Yeuunorpady MK
=] ¥ m

Myl 42

{ BK2

L

4{ IC poropa

Pucynox 2.5 — ®dyHkiionanbHa cxema CTCHIY

CreHji yKOMITJIEKTOBAaHUH arperaTtom, 1o CKIaJaeThCs 3 IBOX aCHHXPOHHUX
JBUTYHIB OJIMH 3 SKUX — KOPOTKO3aMKHEHWH nBuryH (M1), npyruii — nBUTYH 3
dazaum poropom (M2) Bana 3'€THYETHCS KOPCTKOIO My(PTOr0. Y NaHIo31 poropa i
cTaropa BKIIOYCHI JaTduku cTpymy potopa i craropa (ICp, ACcr). KepyBanus
JBUTYHAMH TIPOBOJUTHCS OKPEMO 3a JOTIOMOTOI0 JBOX Pi3HUX TMEPETBOPIOBAYIB
gactotu (141, [TY2), 11e 103BOJIsIE BUKOPUCTOBYBATH OJHWH 3 JIBUTYHIB B SIKOCTI
JOCIIIKYBAaHOTO, a IHIIMA — SK HaBaHTaXyBaJlbHy MamuHy. [lepeTBoproBaui
YaCTOTH MOXYTh YHPABJISITHCS SK 3 TIAHENl KepyBaHHS CaMOTO IEpeTBOPIOBaya
YaCTOTH TakK 1 30BHIIHbOTO OJ0Ky KepyBaHHs (BY1, BY?2).

Buxinni curnanm 3 anamorosoro Buxoxy (ITY1, ITY2 i 3 gatumka cCTpyMiB)
BuMipror0Thes octmiorpadom (OC) 1 GikCyroThCsl Ha MEPCOHATHLHOMY KOMIT'OTEP1
(TTK) 3a momoMoroxo creriajibHOro nporpamuoro 3aoesnedeHns (I13).

Ha nanoMy cTeHIl MOXYTh HOCHIKYBAaTUCS HE TUIBKM CTalll PEKUMH:

MEXaHIYHI XapaKTepUCTUKHU, KPUB1 3MIHM YaCTOTH, HAIIPYTH, CTPyMY CTaTopa 1 i1H.
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[Tpu pi3HEX crioco0ax 4YaCTOTHOTO KepyBaHHS, a W AUHAMIYHI PEKUMHU XOJIOCTOTO
X0y, 1 3 HaBaHTAXEHHSIM MNpPH PI3HUX 3aKOHAX KEPYBAHHS 1 PI3HUX 3HAUYECHHSX

KOMITEHCALIIH.

2.3 lleperBoproBa4 yactotu Altivar 71 SchneiderElectric

[TeperBoproBau wactoru Altivar 71 (puc.2. 6) mpu3HAYCHHUM JJIs ABUTYHIB
HNOTYXHICTIO 0 3 KBT 3 01HO(]a3HUM KHUBJICHHSIM. Y 4aCTOTHUX NEPETBOPIOBAYIB
Altivar 71 peamizoBanuii Bech GyHKmioHan i jgocBim SchneiderElectric  y

BUPOOHMUIITBI NEPETBOPIOBAYIB YACTOTH.

Bew m=-m= g

Pucynox 2.6 — IleperBoproBau yactotu Altivar 71 (ATV71HU30M3)

3aBIsSKU HASBHOCTI MOXJIMBOCTI IMIAKIIOYEHHS JIO MepEeTBOpIOBaYa 4aCcTOTH
JATYMKA 3BOPOTHOTO 3B'SA3KY MO MBUAKOCTI, Altivar 71 ycninHo BUpilly€e IpUBOJIHI
3aBJlaHHS, Takl SK TMaKyBajbHE OOJIaJHAHHS, CUCTEMHU KEPYBAHHS CTAHOBHILIEM
pI3HUX MEXaHI3MIB, a TaKOXX oOpoOistoue oOnagHaHHA (JepeBo), OOJaTHAHHS
TEKCTWJIBHOIO BUPOOHUUTBA 1 T.N. HasgBHICTH Ge3miyl onuioHadbHUX IUIaT (ICHY€
MO>KJIMBICTh BCTAHOBJICHHS /10 3-X OJIHOPA30BOT0), pOOUTH NMEPETBOPIOBAY YaCTOTH
Altivar 71 n1OCUTh THYYKHMM I1HCTPYMEHTOM, JIETKO IHTETPOBAaHUM B OYIb-KY
CHCTEMY KepyBaHHS MiANPUEMCTBA, a TAKOX 1 HOTO 00IaJHAHHS.

OcHoBHi ocoOnuBocTi Altivar 71:

— IPOCTOTa MPOrpaMyBaHHs 1 BBEJACHHS B €KCILTyaTallio;

— BOynoBaHa (pyHKIIiS KepyBaHHSI MOMEHTOM JIBUTYHA;

— BOy10BaHUM HaO1p MIKpOTIporpam Il pi3HUX 3aCTOCYBaHb;
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— BOynoBaHa (DyHKIIISl KEpyBaHHSM TraJIbMOM JIBUTYHA.

Pexxumu pobotu Altivar 71, 3akoHu KepyBaHHsI pealli30BaH1 B IEPETBOPIOBaYi

4acTOTH:

KepyBaHHS aCHHXPOHHUM JIBUTYHOM:

— BEKTOpHE KepPYyBaHHS,

— 3aKOH 3QJISKHOCTI HaIpyra/4acTora 3a BoMa a0o IM'ATH TOYKaX;
— BEKTOpHUH 0€3 JaTurKa 3BOPOTHOTO 3B'SI3KY 3a MIBUAKICTIO;

— BEKTOPHUH 3 JaTYMKOM 3BOPOTHOIO 3B'I3KY 3a IIBUAKICTIO;

— cUCTeMa ajanTarlii HOTy>HOCTI.

J7is1 CHHXpOHHOTO JABUTYHA!

— BEKTOPHE KePYBaHHS B PO3IMKHYTIH CUCTEMI.

Bxonu/Buxonu kepyBanns Altivar 71:

— KUTBKICTh IPOTPAMOBAHHUX AUCKPETHUX BXOJIB — 6;

— KIIBKICTh @HAJIOTOBUX BXOMIIB — 2;

— KIJIBKICTh @HAJOTOBUX BUXOOIB — 1;

— KUTBKICTh BOYJJOBaHHX pesie — 2.

PosramryBanns cunoBux kiem Altivar 71 300pakeHi Ha pucyHky 2.7.

H]
18]
‘:l][

l

| 231 D 1)
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[Ri1'snz Tas| [umivmz wrd

Pucynok 2.7 — Po3ranryBaHHsI CUIIOBUX KJIEM
PO — BuBig + MpOMIKHOI JIAaHKH MOCTiHOTO cTpyMy; PA/+ — migkmtodeHHs
rajgbMiBHOTO onopy (BuBif -); PB — miakimoueHHs raapmiBHOrO onopy; PC/ - —
BUBI1JI MPOMDKHOT JJaHKU MocTiiHOTO cTpyMy; R/L1, S/L2, T/L3 — minkitoueHHs
asuryHa; U/T1, V/T2, W/T3 — mepexeBe KUBICHHS
IleperBoproBauy dYacToTH JOJATKOBO Mae iHTepdeicHy kapty ¢oTo-
IMITyJIbCHOT'O JaT4uKa, 10 3abe3neuye poOOTy €JIEeKTPONPUBOAY 3 AJITOPUTMOM

BCKTOPHOI'O KCPYBAHHA IMOTOKOM 3 JATYUKOM 3BOPOTHOI'O 3B'}I3Ky, 10 AO03BOJISIE
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OTPUMYBATH XapaKTEPUCTUKHU HE3AJICKHO BiJi MOMEHTY HABAaHTAXXCHHS Ha Bally
JBUTYHA:

— MOMEHT MPU HEPYXOMOMY JBUTYHI;

— cTalii13a1is MBUIKOCTI;

— TOYHA MIATPUMKHA MOMEHTY;

— 3MEHIIICHHS Yacy peakilii mpu HaOupaHHI MOMEHTY;

— MOJIIMIIEHHS JUHAMIYHUX XapaKTePUCTUK B MEPEXITHUX PEKUMaX.

[Ipu 1HIIMX 3aKOHAX KEpyBaHHs (BEKTOPHE KEPYBaHHS 110 HAIPY3l, CKaJIspHE
kepyBanHsa U/f) iHTepdelicHa kapTa IMIYJIbCHOTO JAaTYMKa JO3BOJISIE TOJIMIIATH
CTaTHYHY TOYHICTh CHCTEMH PETYJIIOBAHHS IIIBUIKOCTI.

[aTepdeiicHa kapTa IMIYJIbCHOTO JaT4YHMKa 3a0e3medye TakoXX 3aBIaHHS
KEepyl4oro CurHaiy Ha neperBoproBad Altivar 71 3 Buxoay nmarumka. Take
3aCTOCYBaHHS MPU3HAYEHE Ul CUHXPOHI3ALli MBUAKOCTEH JAEKUIBKOX MPUBOIIB.
Kaprtka crane B npusHauene jyist Hei micie B [TY.

Kusnenusi(zabesneuyerbes kapTkoro). Hanpyra 5 B (Bin 5 10 5,5 B).

Makcumanbauit ctpym 200 MA.

3axuIeHuH BiJl KOPOTKHX 3aMUKaHb 1 TIepeBaHTaAKEHHS.

Maxkcumanbsaa gactora 300 xI'm.

Bxigui curnanu A, -A, B, -B.

Omip 440 Om.

KinpkicTh iMIybCiB Ha 0iMH 000poT Baity gatuuka <5000.

MakcumanbHa 9acTOTa Ha BEPXHIN MIBUIKOCTI HE MOBHHHA TIEPEBUIILYBATH
300 kI,

[TizkmrodeHnii eHKoIep MPU3HAYCHUN JTsl BAMIPIOBAHHS JIIHIMHUX 1 KYTOBUX
nepeminieHsb. J[ii eHKoiepiB 3aCHOBaH1 HAa BUMIPIOBAaHHI KyTa MOBOPOTY JIIHIMHHUX
nepeMilleHb, M0 A€ BUCOKY TOYHICTh. [IpuM HasBHOCTI IMIYJIBCHOIO €HKOJEpa
YKOPCTKO 3aKpITNICHOTO Ha By EJICKTPOJBUTYHA, CTaHAAPTHUNW ACUHXPOHHUH
€JIEKTPOJBUTYH BUKOHY€E byHKIii BUCOKOTOYHOTO PEryJIb0BaHOTO

€JIEKTPOIIPUBO/Y.
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[Tin eHKoIEpOM MAIOTh HA yBa31 KOHTPOJIEPH, SIK1 OyIyTh 1TaBaTH MOKIIUBICTh
KOHTPOJIIOBATH CTaH €JIEKTPOMEXAHIYHOTO MpUcTporo. [Ipu Horo momomo3i MoxHa
Oyzae 0e3 3ycwib BUKOHATH BU3HAYCHHS MOJIOKEHHA oOepratouoi Bici. [Ipu ioro
JIOTIOMO31 MOXHAa BUKOHYBAaTH BHUMIPIOBAHHS JOBXHHHM 1 BIACTaHI, a TaKOX
3'SIBISIETBCS.  MOJKJIUBICTh BHKOHYBaTH YCTAHOBKY IIEPEMIIIEHHS IHCTPYMCHTY.
Enkonep onmep:kaB mUpoOKe 3aCTOCYBaHHS B cdepi MeTaaoo0poOKku, B aBTOMATax
JUtst pacyBaHHS, B YIAKOBIIl Ta PO3JIMBi, B BUIPOOYBaIbHUX cTeHaaXx. Came BOHU
3MOTJIM CTAaTH aJbTEPHATUBOIO CEJILCUHY, K1 paHillle Majld CBOIO IIUPOKY chepy

3acTtocyBaHHs (puc.2.8).

Pucynox 2.8 — EaxonepTRD-S500 — VD

2.4 TleperBoproBay yactoru Altivar 32 SchneiderElectric

Pucynok 2.9 — IleperBoptoBau yactotu Altivar 32
[TepeTBoproBay yacrtotu Altivar 32 (puc.2.9 ) npusHaueHud sl KEpyBaHHS

Tpu(azHUMU aCHHXPOHHUMHU 1 CHHXPOHHUMH ABUTYHAMH 3 HAIMPYTOIO >KUBIICHHS
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Bix 200 mo 500 B i moryxnictio mo 1,5 kBrt, Buxigna gacrora 0,1...599 I,
nepexigHuid MoMeHT 170 — 200% HOMIHAaTBbHOTO MOMEHTY JIBUTYHA.

[Ipu po3pobIi mepeTBOproBadya YacTOTH Ha CTafii MPOEKTyBaHHS
BPaxOBYBAJIMCA BUMOTHM BUPOOHUKIB OONagHAHHS, BOHO JO3BOJISIE 3a0€3MEYUTH
CYMICHICTh 3 BUPOOHMUYMMHU MEXaH13MaMHu.

[TeperBoproBau yactotu Mae MUpUHY 45 a0o 60 MM, IpH ILOMY EKOHOMJISTYU
MIPOCTIp, 110 3aiiMaHe MEXaHI3M.

[lepeTBOproBayi 4acTOTH LIJIKOM MOXYTh BCTAHOBIIIOBATHCS BIPUTYJ OJIUH
JI0 OJHOTO, a TaKOXX B HEBEIMKHUX 3a po3MipoM mmiadax KepyBaHHS, MOKIUBICTDH
MIJKJIIOYEHHS aBTOMATUYHOTO BHMHMKauda Oe€3MocepelHbO 0 IepeTBoproBaya
4acTOTH, a Tak caMo BOynoBanuii Bluetooth, mo nae nucranmiitHe peryiroBaHHS 1
YCTaHOBKY MapaMeTpiB uyepe3 MOOUTbHMM TesnedoH abo MepcoHaTbHUM KOMIT'IOTED.

KinbkicTh BXO/1B-BUXO/I1B:

— Bxix — 3 aHa)IoroBux, 6 ITUCKPETHUX;

— Buxin — 1 ananorosuii (0...10 B; 0...20 MA), 1 guckpetHuii, 2 peineiHux.

KomyTaniiiHi MOKIJIMBOCTI:

Boynosani — Modbus, CANopen, Bluetooth Altivar 32 Mar0Th MOXIIUBICTB
peanizallii HACTYITHUX 3aKOHIB KEPYBaHHS:

— 3aKOHM KepyBaHHs «Hanpyra/dactota»: U/f mo 2 1 U/f mo 5 Toukawm;

— BEKTOpPHE KE€PYBaHHS MOTOKOM B PO3IMKHYTIH CHCTEMI;

— KBaJpaTuIHui 3akoH Kn2 (a5 kepyBaHHS HACOCAMH, BEHTUIISITOPAMH);

— eHepro30epirardi pexxuM I ACHHXPOHHUX JBUTYHIB,;

— BEKTOPHE KEPYBaHHS MOTOKOM B PO3IMKHYTIH CHUCTEMI JJII CHHXPOHHUX
JIBUTYHIB.

BOynoBanwuit 6ok norivnux ¢yskuiin ATV Logic no3Boiise peanizyBaTu B
NEPEeTBOPIOBAYl YaCTOTH QJITOPUTMH, BHKOPHUCTOBYBaHI B TPOCTHUX CHCTEMax

KEepyBaHHs TakKl sSIK JIOT14H1, apu(MeTHYHI onepariii.
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Pucynox 2.10 — Po3rairyBanHs CUIIOBUX KJIEM
PBe — migkiIroYeHHs raibMiBHOTO onopy (BuBix +); PB — minkmoueHHs
rapMiBHOTO onopy; R/L1, S/L2, T/L3 — mepexese xxuBnenns; U/T1, VIT2, W/T3

— MIIKJIIOYEHHS IBUTYHA

2.5 Bubip ocuusorpaga

T

Pucynok 2.11 — Ocuunorpad

[{udposuit ocumnorpad Ha 6a3i [IK Hantek DSO-2090 USB (puc. 2.11.) —
NOpTAaTUBHUM JBOKaHaNbHUN IuppoBuit USB-ocuunorpad 3 cMyroro nponyckaHHs
40 MI'1 i yactoToro auckpeTusaiii B peanbHoMy daci 100 MBu6/c. Ocrunorpad ve
BHMarae Jpkepesa >KUBJICHHS, 1 )KUBUThCSI aBTOHOMHO Bijt USB-po3'emis.

3a gomomoror kommnakTHoro ocuuiorpada-npucraBku Hantek DSO-2090

USB mo’xHa MPOBOAUTH MaTeMaTUYHy 0OpOOKY CUTHATIB 1 KypCOpPHI BUMIPIOBaHHS.
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[Iporpamue 3abe3neueHHs: JO3BOJISIE MMOBHICTIO BUKOPUCTOBYBATH BCl (yHKII, a
JUTSI O3HAMOMITCHHS 3 MOYKJIMBOCTSIMHU TIPOTPaMH MEepeI0aYCHO JEMO - PEKHM.

Oco0auBOCTI:

— 2 KaHaJly 1 JOMaTKOBUM KaHaJ 30BHIIIHLOT CHHXPOHI3aIIiT;

— po3psguoi ALIIT 9 6iT;

— KypCOpHE BUMIPIOBaHHS;

— MaTeMaTU4H1 omepartii: 1o1aBaHHs, BITHIMAHHS, MHOXKEHHSI, IJICHHS;

—30epexkenHs nanux B (opmarax TXT, BMP, JPG, MS Excel/Word,
30epexkeHHs KoHbIrypartiii mporpaMHoro 3abe3neueHHs mix Windows.

OyHKIIs KaTIOpyBaHHS IIYIIB.

— XXusnenns Bix 2x USB - po3s'emiB, 0JIMH 3 SIKHX BUKOPHCTOBYETHCS TAKOXK

11 epefadi ganux Ha 1K,

TexHiuH1 XapakTepUCTUKN HaBeeHI B Ta0Ommmi 2.1.

Tao6muus 2.1 — Hantek DSO - 2090 USB

[Tapametp 3HaueHHs
YacToTa nuckperusarii B 100 MBu6/c (1 kanany) 50 MBub/c (2
peaibHOMY Yaci KaHaJn)
Cwmyra nponyckanas MI'1q 40
Pozpsianicte AL 8 ouT/KaHan
Macmtabu amMIiTy g 10 MB ~ 5 B / cripaB nipu 3611b11eHH1 x 1.

100 MmB ~ 50 B / ctipaB nipu 3011bIIEHHT X
10 1 B ~ 500 B/ cnpas npu 30UIbLIEHH] X
100 10 B ~ 5 kB / cripaB nipu 3011bI1€HHT X

1000
Bxiaaunii iMmnenanc 1 MOwm 25 n®
[ToxuOKa 1o MoCTiHHOMY +3%

CTpyMy




2.6 Po3po0ka npuHIIMIIOBOI CXeMU
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Pucynok 2.12 — IIpunmunoBa cxema

Tabmuis 2.2 — CiuCOK €J€MEHTIB IPUHITUIIOBOI CXEMH

[To3wurris HaiimenyBanns Kinpkicth [TpumiTka

[TepeTBOproBay yacToTu

uz1 ATV32HU15M?2 1
uz2 ATV71HU30M3 1
Pesuctopu

R1, R9 4,7 xOm MJIT-0,5-5% 2
R2 10 xOm CII3-4M-5%

R3-R8 1 Om SQP-10-5% 6
[Tpuctpoi komyTarrii

S1 ABTOMaTUYHUN BUMHKAY 1

K1-K4 Tymbnep KN3(B)-201A-A1 4

Enexkrpoasuryn
Ml JlabopatopHuii (ananor AIP03B4VY3) 1
M2 AIP03B4VY3 1
JlaT4MK MIBUAKOCTI
BR TRD-S500VD 1
Ocrmunorpad

OS1 DSO-2090 USB 1
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2.7 TexHiuHi XapaKTePUCTUKH CTEHAY

JlabopaTopHuii CTeHJ MNpPU3HAYEHHH JJIi BUBYEHHS pOOOTH 1 3HATTS
XapaKTepPUCTUK ACUHXPOHHOTO EJIEKTPOJBUTYHA 3 YAaCTOTHUM KEpyBaHHSIM. Y
€JIEKTPOMAILIMHHOMY arperaTi OJIMH €JICKTPOJBUTYH € JIOCHII)KyBaHUM, a 1HIIUNA €
TBOPLIEM AaKTUBHOTO 1 PEAaKTUBHOTO HABAHTAXKEHHS Ha Ball JIOCIHIJKYBAaHOIO
CJIEKTPOJIBUTYHA.

Crenn (puc.2.13) YKOMIUIEKTOBAaHUI JBOMA ACUHXPOHHUMU
eJIEKTPOJIBUTYHAMH, SIKI YTIPABJISIIOTHCS MEPETBOPIOBAYaMHU YaCTOTH IMIIKIIOYCHUX
JI0 TIPOTPAMOBAHOTO JIOTIYHOTO KOHTpoJiepa. JloCHiIHUIIbKUIM CTeH]T 3MOHTOBaHUM
Ha TBepJii Heropioyid ocHOBI 600x1300MM po3TammoBaHUM B TOPU3OHTAIHHOMY
MOJIOKEHHI, BCI €JIEMEHTH 3akpiIjieHi. Y JBi YacTHHI CTEHAY 3HAXOMSThCS
eneKTpoMalnuHHnid arperat (puc.2.13), mo ckinamaeTbcs 3 JBOX aCHHXPOHHUX

enekTpoaBUryHiB Mapku AIP63B4VY3.

Pucynok 2.13 — EnextpoMaiivHHuii arperat

EnexTpuuHi ABUTYHU 3aKpiljieHl Ha 3araibHid pami. Bamu mamma %KopcTko
3'€THaH1 THYYKOIO CIIOJIyYHOIO BIOPOTracHOI0 My(TOIO 3 MOJ1ypPETaHOBOIO BCTABKOIO
mapku BF — 30 — 8 — 12, sxa mae MOXJIMBICTh NepelaBaTH BUCOKUW KPyTHUUN

MOMEHT, a TaKOX 3/ITaTHICTh MOTJIMHATH KPYTHUJIbHI B1Opallii 1 y1apHi HaBaHTa)KEHHS.
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Jlnst 3anmo0iranHs TpaBMyBaHHS 0Ci0, SIK1 MPAIIOIOTh 31 CTEHJOM, NepeadadyeHui
3aXMCHUN KOXKYX, 10 3aKPUBAE BCl 00EPTOBI YACTUHU CTEH]LY.

OpuH 3 eNeKTPOABUTYHIB Ma€ 3aKpIiIUICHUN Ha OT0 3a/H1i maHen nudpoBuii
JATYUK TIepEeMIIIeHHS (€HKOJep) SKUM KPIMHUTHCSA 3a JIOMOMOIOK IEPEeX1THOTO
IPUCTPOIO, BAIM JBUTYHA 1 €HKOAEpa 3'€JHaHI MK COOOI0 HKOPCTKOIO CIIOIYYHOIO

My(TOIO.
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Pucynox 2.14 — JlocnigHUIIbKUI CTEH]T

VY neHtpanpHI YacTuHI AOCHigHOTO cTeHay (puc.2.14) posramoBaHi aBa
neperBoproBava yactot Altivar 71 1 altivar 32.

[lepeTBoproBay yactotu Altivar 71 Mae 1onatkoBy BOyOBaHy iHTEppEHCHY
KapTy (OTO-IMITyJIbCHOTO JTATYMKA IS I AKIIOYSHHS €HKOAepa.

Ha cunoBy kiiemny kononky X1 nepersoproBaua UZ1, UZ2 nigkimtodaeThbes:

—R/L1 S/L2 T/L3 manpyra Mepesxi )KUBICHHS;

— GND 3axucHe 3a3eMJIEHHS.

Ha cunoBy kiemny konoaky X2 neperBoptoBaua UZ1, UZ2 nigkirovaeTbes
CHJIOBUI KaOellb eJIeKTPOABUTYHA.

3HM3y pO3TaloBaHa KHOIKA aBapiiHOI 3yMMHKU TPUOKOBOTO THUITY.

VY npaBiii YacTHHI JOCHIAHOTO CTEHJY 3HAXOIATHCS: NPOrPAMOBAHMIA

JIOTIYHUYN KOHTPOJIEP, MyJIbT KEPYBAHHS 1 CHIIOBUN OJIOK.



Tabmuus 2.3 — IleperBoproBau yactotu «Altivar32y»

HaiimenyBaHHs mapameTpy 3HaueHHs
HominaneHa notyxHicTh kBa 1,4
HoMinanpHU# BUXITHAN CTpyM A 15
Hanpyra >xuBunsHoi Mepexi B 220
Kinbkicts ¢a3s 3
Jlianma30H 3MiHU BUXI1OHOI 4acTOTH 111 0,1-599
3axHCT MO CTPyMy 170

Tabmuis 2.4 — IlepeTBoproBau yactoTu «Altivar71»

HaiimenyBaHHS TapameTpy 3HaueHHs
HowminansHa notyxHicTh kBa 2,4
HominaneHuii BUX1THUN CTpyM A 2,25
Hampyra xuBunsHO1 Mepexi B 220
KinekicTs a3 3
Jliarma3oH 3MiHH BHUXIIHOT 4acTOTH 111 10-1000

3axucCT 1O CTPyMy

220 opotsirom 2 ¢

40

Tabmums 2.5 — Ilnara ana migKIIOYEHHS JaTYMKa 3BOPOTHOTO 3B'S3KY IO

[IBUIKOCTI
HaitmenyBanHs nmapameTpy 3HavYeHHs

Hamnpyra 5B (or 5 10 5,5 B)
Maxkcumanbamii cTpyM MA 200
MaxkcuMaiibHa yactoTra Kl '1g 300
BxigH1 curnanu A, A-, B, B-
Omip Om 400
KinpkicTh iMITyJIbCIB Ha OIUH 000OPOT Baly TaTYMKa < 5000
MakcuMalnbHa 4YacToTa Ha BEPXHIM IIBUIKOCTI HE 300

ourbnre k'
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[TepeTBoproBau 3abe3neuye SK MIATPUMKY HE3MIHHUM 3a/IaHOTO 3aKOHY
perymtoBanHs cmiBBigHomeHHss U/f (mocTiiiHui MOTIK ABUTYHA) a00 BEKTOpPHE
kepyBanHsa. 3akoH 3Minu U/f mporpamyetbcs. CuoBHII KaHan mepeTBOprOBaua
3M1MCHIOE JBOCTYIEHEBE NEPETBOPEHHS EJIEKTPUYHOI €HEprii — BUIPSMIICHHS
HalpyTd  HEPEeryJbOBaHUM BHUIPAMIISIYEM 3  MOJAIBIIUM  1HBEPTYBaHHSIM
BUTIPSIMIIEHOT TIOCTiIMHOI mo BenuuuHi Hampyru. Anroputm [IIM 3abe3neuye
B3a€MOIIOB's13aHe peryiatoBaHHs yacTotu f 1 BenmuuuHu U BUXIAHOI HAmpyr 1o
3aIaHOMY 3aKOHY, (popMye cuHycoifaibHy (OpMYy KPUBOi CTPYMy MPHUBOHOIO

ACMHXPOHHOI'O ABUI'YHA.

2.8 3aKoHU KepyBaHHs MePeTBOPIOBAYIB YACTOTH

[lepetBoproBau  wactotu Altivar32 npusHaueHWii a1 KepyBaHHS
Tpuda3HUMHU ACHHXPOHHUMHU 1 CHHXPOHHUMU JIBUTYHAMU 3 HAIPYTOIO KUBJICHHS
B 200 1o 500 B 1 motyxHnictio Big 0,18 no 15 kBT, Buxigna vacrora 0,1...599111,
nepexigauit MomeHT 170 — 200% HOMIHANTBHOTO MOMEHTY JIBUTYHA. Altivar32 mae
MO>KJIMBICTh peajtizailii HaCTYITHUX 3aKOHIB KepyBaHHS:

— 3aKOH KepyBaHHs «Harnpyra/dactoray: U/f mo 2 1 U/f o 5 Toukawm;

— BEKTOpPHE KepyBaHHS MMOTOKOM T10 HAIpPYy3i, B PO3IMKHYTIH CUCTEMI;

— KBaJpaTuuHui 3akoH Kn2 (17151 KepyBaHHSI HACOCAaMH, BEHTUIIATOPAMHU);

— eHepro30epiraroumii pexxum i ACHHXPOHHUX JBUTYHIB;

— BEKTOpPHE KEPYBaHHS MOTOKOM B PO3IMKHYTIM CHUCTEMi JUIsl CHHXPOHHUX
JIBUTYHIB.

Cepis meperBOoproBadiB uwactotu Altivar7] mnpusHavueHa [yisi JBUTYHIB
notyxHicTio Bix 0,37 mo 630 xBt. [lepeTBOproBadi 4acTOTH MarOTh MEpPexigHUI
MoMeHT — 220% npotsarom 2 cek, 170% HOMIHAIbHOIO MOMEHTY JIBUTYHA IIPOTITOM
60 c. OcuoBHi ocobmuBocTi Altivar71:

— IPOCTOTa MPOTrpaMyBaHHS 1 BBEJCHHS B €KCILTyaTallio;
— BOy/1oBaHa (PyHKI[ISl KEpyBaHHS MOMEHTOM JIBUTYHA;

— BOy10BaHMIA HaOIp MIKpOTIPOTpaM JIJIsl pi3HUX 3aCTOCYBAHb,
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— BOymoBaHa (DyHKIIISl KEpyBaHHSM raJIbMOM JIBUTYHA.

Pexxumu  poOGotum  Altivar7]l, 3akoHM KepyBaHHsS  peaji3oBaHi B
NEPETBOPIOBAYEM YACTOTH:

KepyBaHHS aCHHXPOHHUM JIBUTYHOM:

— BEKTOpHE KepyBaHHS MOTOKY 1 [0 HANpy3i;

— 3aKOH 3QJISKHOCTI HaIpyra/4acTora 3a BoMa a0o IM'ATH TOYKaX;

— BEKTOpHUH 0€3 AaTurKa 3BOPOTHOTO 3B'SI3KY 1O HMIBUIKOCTI;

— BEKTOPHUH 3 JATYNKOM 3BOPOTHOTO 3B'SI3KY IO IIBUKOCTI,

— CcHCTeMa ajanTallii MoTyHOCTI;

Jlisi CHHXpOHHOTO JIBUTYHA:

— BEKTOPHE KePYBaHHS B PO3IMKHYTIH CUCTEMI.

2.9 IIpyHIMI YACTOTHOI0 KEPYBAHHA

[IpuHIMIT YaCTOTHOTO METOJY KepyBaHHS WBUAKICTIO A/l mossirae B 3MiHi
YacTOTH JKHUBJICHHS AaCMHXPOHHOTO JBHUTyHa. SIKIIIO HE BpaxoOBYBaTH MaJiHHSAM
HAIPYTH B JIAHI[I031 CTATOpa, TO MOYKHA BBAXKATH, 110 HAMpyra Ha 0OMOTII cTaTopa
nopiBHioe EPC. 3miHtoroun yactoty f1 Hanpyru >KMBJICHHS, MOXKHA BIJMIOBITHO 0
BUpaxkeHHs (2.1) He3MIHHOMY YHCIIi TTap MOJFOCIB P 3MIHIOBATH MIBUIKICTH (KyTOBY)

oOepTaHHsI MarHiTHOTO TOJIS CTaTopa.
oy = T (2.1)

AcC: f —gacTora HAIpyTu KUBJICHHA,

P — KUIBKICTh Map MOJIIOCIB JBUTYHA.

Lle#i cnoci® nae miaBHE PEryIIOBaHHS MIBHUIAKOCTI B HIUPOKOMY Jliaria3oHi.
PerynroBaHHsS IIBHIKOCTI HE CYNPOBOJKYETHCS 30UIBIICHHSM  KOB3aHHS

ACMHXPOHHOTO JIBUTYHA, TOMY BTPaTH MOTY>KHOCTI ITPU PEryJIFOBaHH1 HEBEJIUKI.
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2.10 IlporpamMmyBaHHs NepPeTBOPIOBAYiB YACTOTH

[IporpamyBaHHSI IEpETBOPIOBAaYa YaCTOTH, IPUCTOCYBAHHS MOTO JIO MEBHOI
3a/1a4l BUPOOJISIFOTH IUISTXOM 3MIHH HOT0 TapamMeTpiB, 10 HATAITOBYIOThCSA. KoxkeH
3 TaKuX IMapaMeTpiB 1 Mae Koj, iM's Ta psa 3HadeHb. IMm's (Hampukia,
[Acceleration2]) BUKOPUCTOBYETHCS TIPHU MIpOrpamMyBaHHi 3 TpadidHOTO TepMiHATY.
Kon ckitamaerbes 3 1eKiIbKOX CUMBOJIIB (HE OlIbIie 4 JaTUHCHKI JITEpH Ta Iudpu)
1 3aCTOCOBYEThCS MpH TMporpaMmyBaHHI 3 TepmiHaly, BOymoBaHoro B IIY.
[TpucBoeHHS MapaMeTpy MOTPIOHOTO 3HAYCHHS 1 € 3MICTOM MPOTPaMyBaHHS.

[TapameTpu, K 11X 3HAUEHHSI, MOXKYTbh OyTH P13HOTO THUITY:

— 1 poBUMH (3HAYCHHS MakcuMalibHOi yactotd HSP = 60 I'm);

— tekctoBuMHu (FAIL1midOnE).

[TapameTpu 17151 AOCTYIy BHOPSAIKOBAaHI B TEMATHYHI MEHIO 1 IIAMEHIO.

Jlesiki mapaMeTpu OJHOYACHO TPUCYTHI B JEKUTBKOX MeHI0. CyKyIHICTh
JEKUTbKOX TEMaTHYHO OJM3bKUX MapaMeTpiB, 110 pealli3yloTh ACSIKY NPUKIaJHY
3amauy (KepyBaHHS €JIEKTPOMArHITHUM TajibMOM, MEPEMHUKAHHS TEMIIB 1 T.II.)
Ha3MBaIOTh QYyHKIIIEI0. JesKl mapaMeTpH, AKi peani3ytoTh GyHKIIII0, PO3MIIIYIOTHCS
B MIJIMEHIO 1 CTalOTh JOCTYMHUMHU TUIBKK Mmicias ii akTuBizamii. OCKUIBKH B
eKCIUTyaTallii MOKyTh nepe0yBaTH MEPEeTBOPIOBaYl YAaCTOTH SK 3 aHTJIOMOBHUMH,
Tak 1 pycudikoBaHUMHU TpadiuHUMH TEpMIHAJAMHU, a TaKOX 3 BOYIOBaHUM
TEPMIHAJIOM, NPHUIHATI HACTYMHI MpaBUja HaMUCaHHS IMEH Ta KOJIB MEHIO
(mapaMeTpiB), a TAKOK 3HAYCHb OCTAHHIX:

— iM' MeHIo (IMiJMEHI0) TpadidHOro TEepMiHANY [a€ThCAd B KBaJpaTHUX
Ty’)KKaxX 1 TIMIIEThCS BEIUKUMH AHTJIIHCRKUMH a00 pOCIHCHKUMH JIiTepaMu
(manpukinan, [1.4 MOTOR CONTROL], [1.4 KEPYBAHHS IBUT'YHOM];

— KOJY MEHIO 1 mapameTpu BOYJIOBAaHOTO TE€pPMIHAIY NalOThCs 0€3 J1yKOK
aHTJIACBKUMU JIITEpAaMU Y BUIJISAL, HAONM)KEHOMY 10 IHJMKAIll Ha TepMiHail,
IPUYOMY KOJI MEHIO 3aBXKH 3aKiHuyeThest Tupe (Hanpukiaa, drC — nis mento 1 SFr

— JUTsl IapameTpa);
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— iM'sl Ta TEKCTOBE 3HAYEHHS TTapaMeTpa Ha TpadiuHOMY TepMIHAJi JA€ThCS B
KBa/IpaTHUX JYy’KKaX KYpPCUBHUMHU AaHIJIIHCBKMUMH a00 pOCIHCBKUMU JIITepamMu
(manpukinaj, [Ratedmotorpower] abo [TAK]);

— TEKCTOBE 3HAYEHHS MapameTpa Ha BOYIOBaHOMY TEepMiHaJl JAa€Thbcs Oe3
JY’)KOK aHIIHCBKUMM JIITEpaMu Yy BUIJISAl, MAaKCUMaJIbHO HAOIMKEHOMY [0
iHaukaiii Ha TepMminani (Hanpukian, PEnd, dOnE);

— MpHU 3rajill iMeH MeHI0 abo mapaMeTpiB iX KOJM, a TaKOXX aHTJIMCBHKI Ta
pOCIICBKI Bepcii 3a3BHYail Jal0ThCs Y€pPeE3 KOMY;

— y BUpaszax tuny [ABro-nHanamryBanus]| = [HI], [Standardmot. freq] = [50
Hz], tUn = YES 371Ba BiJ 3HaKka piBHOCTI 3HaXOUTHCS IM'sl TapaMeTpa, paBopyy —
MPUCBOEHE oMy 3HaUYeHHS. Jlesiki mapamMeTpu 3MiHIOIOThCSI aBTOMATUYHO 1 CITy>KaTh
Jauiie Ui 9yuTaHHsa. YacTuHY mapameTpiB MOXHA 3MIHIOBAaTH NMPU 0OEPTOBOMY
JBUTYHI, 1HIII — TUIBKH NpU HepyxomMomy. CyKymHICTh 3HA4€Hb IapaMeTpiB
yTBOpIOE KoHbirypauito ITU. Ii Moxna 36epertu a1s HoaanblIIoro BUKOPUCTAHHS.
KoxeH 3 mapameTpiB Ma€ 3HaY€HHs 32 3aMOBUYBaHHAM. J[esK1 mapaMeTpH MoB'sa3aH1
OJWH 3 OJHMM. BHacHiIOK bOTO OKpeMi mapaMeTpu MOXKYTh CTaTH JOCTYITHUMH
TUIBKYU MPU TIEBHUX 3HAYCHHsX iHIIOTO. KpiM TOTrO0, B psijii BUMAAKIB 3MiHA OJTHOTO
nmapaMeTrpa MOKE 3MIHUTH 3HA4eHHS IHIIOro. 3MiHA MapaMeTpiB MOKJIMBO 3a
JIOTIOMOTO0 TaKUX 3aC001B:

— BOY/I0BAaHOT'O YOTUPHU-PO3PSIIHOTO TEPMiHATY;

— JIIOAMHO-MAIIMHHOTO 1HTepdeiicy (rpadiuHoil maHen mporpaMmyBaHHs), 10
MAKII0Ya€THCS 330BHI;

— KoMmyHikaiiitHoi mepexi: ModBus, CANOpen 1 iH.;

— IEPCOHATLHOTO KOMIT'IOTEpa. 3alie’XHO BIiJ KBamidikalii KopucTyBaya
MO>KJIMBI1 4 PIBHA JOCTYITY 10 TapaMETPiB:

— 6azoBuii ([Basic], bAS — moctyn 10 nesikux HaWOLIbII BXXKUBAaHUM MEHIO 1
IiAMEHIO, MPU3HAYCHHS TIIbKU OJIHI€T (QYHKIIT A1 MPOrpaMOBaHOTO BXOY;

— crangaptaui ([Standard], StD — nmoctym g0 BciX MEHIO 1 MiJIMEHIO,
INPU3HAYEHHS TUIBKH OJIHI€T PYHKIIT 111 IPOrpaMoOBaHOr0 BXoay (piBE€Hb JIOCTYITY

32 3aMOBYYBaHHSIM);
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— po3mupenuii ([Advansed], AdU) — mocTtynm m0 BCiX MEHIO 1 IMJAMEHIO,
NPU3HAYEHHS ACKIJIBKOX (QYHKLINA SISl KO)KHOTO BXOAY;

— exkcneptHuit ([Expert], EPr — goctyn 10 BCix MEHIO 1 HIMEHIO, & TAKOX J0
JI0JIaTKOBUX MapaMeTpiB, MPU3HAYCHHS JACKIILKOX (PYHKIIIN /ISl KOKHOT'O BXOJY.

Y 3ampornoHOBaHOMY BapiaHTI CTEHAy OOWIBa MEPEeTBOpIOBaYa YacTOTH
3pobieH1 ofHie0 (HipMOIO MPOTE € NedKi BIAMIHHOCTI KepyBaHHs . [lepeTBoproBau
gacTtotu Altivar71l Mae kepyBaHHs 3'€éMHOTO TpadidyHOTO TEPMiHANY, SIKUH MOXKE
OyTH BCTaHOBJICHHI O€3MOCEpeIHhO Ha JIMILIBOBIH MaHesl MepeTBOPOBaya YaCTOTH
(manm BOyIOBaHMM TEpMiHAJIOM) a00 BUHECEHO Ha JiBepusATa madu. Bin 1o3Bose:

— HaJIAIITOBYBATH TIEPETBOPIOBAY 1 KEPYyBaTH HUM;

— BioOpaxxaTu MOTOYHHM CTaH NMEPETBOPIOBAaYA YaCTOTH;

— 30epiraTy 1 BiIHOBIIOBATH 1H(OPMAIIiO B HE3aJIEKHIN Mam'sTi TepMiHAITY;

— EPEHOCUTH HalalTyBaHHA 3 ogHoro [14 Ha 1Hmmil.

Pucynok 2.15 — I'padiuanii Tepminan

Ha Tepminani (puc.2.15) po3ramioBasi:

— rpadiuHMiA TUCTIICH;

— ¢yukuionansHi kaonku F1, F2, F3, F4;

— kHonka STOP/RESET nns 3ynuHku npuBoAy abo CKUAaHHS HECIIPABHOCTI,

— k"Honka RUN 1s 3anycky npusony;

— kHonka ESC st BIAMOBH ITOTOYHOTO 3HAUYEHHS MapaMmeTpa abo MOTOYHOIO
MEHIO 1 TOBEPHEHHSI 10 MONEPETHBOTO BHOODY;

— xHonka FWD/REV s 3minu HanpsiMKy oO0epTaHHS IPUBOY;
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— HaBIramiHa pyKosTKa JUIsl 3MIHM 3HAYCHHS paHille 0OpaHoro mapamerpa,
nepexoAy BIJ psAAKa 0 psAAKa MEHIO, 3MIHM PIBHS 3aBJaHHS NMpU KEpyBaHHI 3
TepMmiHany (obepTaHHs +/-), a TakoX Il 30€peKCHHS TOTOYHOTO 3HAYEHHS
napameTpa abo BXOAy B 0OpaHe paHilie MeHIo abo nmapametp (HatuckanHs, ENT).

Bocbmu psakoBuit rpadiunuii  aucruied (puc.2.15) mpu  3aBOACBKOMY
HaJAIITyBaHHI BiIOOpaXkae:

VY panky | (panky crany):

1) xox crany IT4;

2) aKTUBI30BaHMI KaHAJ KepyBaHH: Term (KJIEMHHK JIOTIYHUX 1 aHAJIOTOBUX
BxoxiB); HMI (monuno mammunauii intepdetric); MDB (BOynoBanuit ModBus);
CAN (BOynoBanmiit CANopen); NET (komyHikaniiina kapta); APP (mporpamoBana
KapTa BOY/I0BaHOT'O KOHTPOJIEpa);

3) moToYHa 3a/iaHa YacToTa;

4) MOTOYHUI CTPYM JBUTYHA;

VY psaky 2 — iM'st IOTOYHOTO MEHIO, MiIMEHIO a00 MapameTpa;

VY psnkax 3...7 (ekpaH BiioOpaskeHHs) — BMICT IOTOYHOTO MEHIO (ITiJIMEHIO),
3HAYEHHSI IOTOYHOTO MapaMeTpa, 3a/IaHUX MapaMeTpPiB BiIOOpaKEHH);

Y paaky 8 (pAIOK TIAKA30K) — TMIAKa3KA NPO TOTOYHI  (DYHKINT

GyHKIIOHATFHUX KHOTIOK.

1 = RDY Tern +0.00Hz 0A

2 1 DRIVE MENU L |
1.1 SIMPLY START

3-7—»| 1.3 SETTINGS

1.4 MOTOR CONTROL

1,5 INPUTS / OUTPUTS CFG

8 Code. « . » .Qunck h 4

Pucynok 2.16 — I'padiunnii qucnei

ANTOpUTM HaNallITyBaHHS 3aKOHIB KEPYBaHHS 3a JOMOMOTrOI0 rpadiyHOro

JUCIUIEs] IPUBEICHUI HAa pUCYHKY 2.17.
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Pucynok 2.17 — Ipuxitan Bubopy 3akony kepyBanus Altivar7l

Takum 4rHOM MOXHa BHOpaTH HACTYIIHI 3aKOHHU KepyBaHHS:

SVCU — BekTopHE KepyBaHHS MO HANpPY3i;

SVCI — BekTopHE KepyBaHHS O CTPYMY;

FVC — BexkTopHE KEpYBaHHS 3 JATYMKOM 3BOPOTHOTO 3B'SI3KY 3a IBHUJKICTIO;

U/f2 Touku — ckansipHe KepyBaHHS 1O 2 TOYKaM;

U/f 5 TouoK — ckansipHe KepyBaHHS IO 5 TOYKAM;

[leperBoproBay yactotu Altivar32 mae kepyBaHHS 3 BOYJOBaHOTO TE€pMiHATY
(puc. 2.18).

BOynoBanuii Tepminan Bkitouae B cebe: 1 knaima ESC, BUKOPUCTOBY€ETHCS
JUTsl HaBiramii mo MeHro (TIOBEpHEHHs) 1 HaJAIITyBaHHSA MapaMeTpiB BIIMOBY. 2
Hagirarrifina kiaBiiiia BAKOPUCTOBYETRLCS JIJIsl HAaBIraIlli mo MeHro (Bropy adbo BHU3)
1 HaJamTyBaHHS TapaMmeTpiB (301IbIICHAS a00 3MEHIICHHS 3Ha4YeHb, a00 BUOOPY
napametpiB). 3 KHomka Enter HaTHCKaHHS Ha HaBIraTop BUKOPHCTOBYETHCS IS
HaBITaIlii Mo MEHIO (HACTYMHUMN) 1 BUKOPUCTOBYETHCS IS MIATBEPIKEHHS BUOODY.

YoTuphOoX CErMEHTHUW JHCIUICH HAJa€ KOPUCTYBAayeBI HEOOXITHY
iHdopMarllito A NporpaMyBaHHA 1 BHBEACHHS 1HQopMalii 1Tpo CTaH
nepeTBoproBavya 4actoTu. KepyBaHHS 3 BOYIOBAaHOTO TEPMIHANY 3MIHCHIOETHCS

BIZITIOBITHO JI0 CTPYKTYypHOTO MeHio (puc. 2.19).
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Pucynox 2.18 — BOynoBanwuii Tepminai
A — oOpaHuii pexxuM 3aBAaHHs MBUAKOCTI; B — oOpanuil pexum
MoHITOpUHTY; C — 00panHuii pexxum KoHQIirypauii; D — gecsiTkoBa Touka ais
BiToOpaskeHHs pexuMiB napamerpiB 1/100 3nauenns; E — necarkoBa Touka jis
B1JI00pakeHHs pexxumiB napameTpiB 1/10 3nauenHs; F — noroune 3HaueHHs

BiJI0OpaxyBaHOTO TTapameTpa; G — OUHUII B1IOOpaKEHHS 3MIHIOBAaHOTO

mapameTpa
) = ENT —"::"' Esc {
il 8 it
4 ten ] "
o 1o 3 ©
JaJaHHn wenakocT) Mourropamn Kospirypauwin
2 ™
: \ P8

Pucynox 2.19 — Ctpykrypa MEeHIO

Ha mpuknani Oyno po3rissHyTOo BUOIp 3aKOHY KEepyBaHHS TEPETBOPIOBadYa

(puc.2.20).
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Pucynok 2.20 — [Ipuknag Bubopy 3aKoHy KepyBaHHS
UUC — BekTopHe KepyBaHHsI 110 Harnpy3i; Std — ckanspHe kepyBaHHS 110 2
toukam; UF5— ckansipHe KepyBaHHS 1O 5 TOUKaM; SYN — KepyBaHHS CHHXPOHHUM

naeurynom; Ufa — U/F kBaaparuunwmii 3akoH; hLd — eHeprosoepirarounii 3aK0oH

HesBaxkarouu Ha Te, 1110 00H/IBa MEpETBOPIOBaYa BUITYIIICH]I OJIHIE0 (PipMOFO
1 MalOTh CXOXICTh B QITOPUTMAX KEPYBAHHS, IPH I[bOMY BOHH MAlOTh BIMIHHOCTI
B 3aKoHax KepyBaHHS. Altivar 71 peanizye BEKTOpHE KepyBaHHS MO CTpyMy 1
BEKTOPHE KEPYBaHHS 3 JATYMKOM 3BOPOTHOTO 3B'SI3KY 3a IIBHJKICTIO, K1 BiCYTHI
B Altivar 32, ane mnpore, Altivar 32 peanizye kBaaparuyHuii 3akoH U/F 1

eHepros0epirarounii 3aKoH, 1o BiacyTHii B Altivar 71.
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PO311J1 3 EKCHHEPUMEHTAJIBHI JOCJIIKEHHSA

3.1 J[ocaigxkeHHss podOTH YACTOTHO-KEPOBAHOIO0 ACHHXPOHHOIO

€JIeKTPONPHUBO/IA 0e3 HABAHTAKEHHS

Ha ycTanoBI1i iIMiTyBaluCh pi3HI HABAaHTAXXYBaJIbHI pexXuMu podoTu Al mpu
0€31aTYNKOBOMY BEKTOPHOMY KEpYBaHHI: ITi1 HaBaHTaXEHHsAM, 1 0€3 HbOTO, MpHU
gactoTi 10 I'm, 30 ', 50 I'm.

3HATO TaKOX OCIIWJIOTPAMH CTPyMY JIBUTYHa TIpH POOOTI B peXUMI T
HaBaHTAXEHHSM 1 Ha XOJIOCTOMY XOJY.

1. Ha nanux pocmimax 300pakeHi i onrcaHi giarpamMu 6e3 HaBaHTaKEHHS.

Pucynok 3.1 — Ocrunorpama posrin 10 '

Ha pucynky 3.1 mu 6auumo po3riu g0 10 I'm.

Ha ocuunorpami noka3aHi mo4aTkoBi MycKoBi cTpyMHu (1), Ha BepxHii Bicl (2)
MU 0auMMO MyCK (TOINTOBX) JABHIyHA; 1 SIK 30UIBLIYETHCS IIBUIKICTH [0
HOMIHATBHOT BUAKOCTI (4), mpu vactoTi 10 I'u. (3) Ham moka3ye pobouunii cTpym
Ha X0JIOCTOMY XoAy, 110 AopiBHioe 0,5 A. ITpu noxayi Hanpyru Ha CTaToOp 4YaCTOTOIO

10 'ty mBUAKICTE MOBUHHA CKJIAIATH.
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3.1)

Pi3HuLs mBUAKOCTEH pOTOpPA Ta 3MIHHOTO MOTOKY 1 Oy/I€ 4aCTOTO CTPYyMY

poTopa, 1o npopiBaioe = 2,0 I'm.
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Pucynok 3.2 — Criextp

Ha rpadiky 3.2 mpeacraBiieHi CHEKTp CTpPyMy JBHUTYHA TpH

HAaBaHTAXCHH.

poboti 6e3

CriekTpalbHUN aHali3 JI03BOJISIE€ OIIHUTH CTPUOOK aMILTITYId YCTaJICHOTO

3HAQYCHHS, a TaKOX MPH HAOMpaHHI HABAaHTAXKEHHS 10 HOMIHAJIBHOI IIBUIKOCTI 1

nokasye xonoctuii Xia. Ha rpadiky HaBeneno Tpu ocHoBHI rapmoHiku: 1 - a 2,0 I,

o Mae amrutityay 270,922mB, 2 - a 6,25 npu 104,279 MB, 3 - a BianoigHo 9,75

npu 36,420 mB. Takox MU 0aurMMO HE3HAYHI HU3bKOYACTOTHI TaApPMOHIKH PIBHI

yacToTi 3,906 'y 1 Hanpy3i 100 MB. IlepeBenemMo rapMOHIKM B BITHOCH1 OJIMHULIL:

3-Tsl TapMOHIKa

104,279

=0,38B.0.
270,922

3.2)
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5-1=0,13B.¢e.

HusbkouactorHa rapmonika 0,01B.o0.

umvh
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Pucynox 3.3 — Ocmmtorpama po3srin g0 30 I'g

Ha pucynky 3.3 mu 6aunimo myckoBi ctpymu (1), a Takoxx 30UIbIICHHS
ammtiTyau ctpymy. [lpu nmogaui Hanpyru Ha cratop yactotoro 30 'l mBHAKICTS

XOJIOCTOTO XOJIY:

o="2" 2'30; (3.3)

mzwz%lpan/c.

[Ticnsi, Mu 6auuMoO BXKe yCTaNICHUM pexkuM XosocToro xoxay (3) piuuit 0,6 A.

Ha cnexTtpanpHOMy aHami3i, sSKMid moka3aHuil Ha rpadiky 3.4, BHUIHO
HE3HAYHUH CTpUOOK amIuniTyau piBHMK 2,25 ['1p 1 BiANMOBIIHO 30UTBIICHHS
HU3bKOYACTOTHUX rapMoHik piBHuUM 31111 115 MB (0, 31 B.0.) BiAMOBIIHO.

3-a rapmonika =0,28 B.o.
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Pucynox 3.4 — Cnektp
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Pucynox 3.5— Ocmmmorpama po3srin g0 50 '

Ha 3axmounomy pucynky 3.5, npu vactotri 50 I'm mMu moGauunum pizke

30LIBIIEHHST aMIUTITY M TyckoBux ctpymiB (1). Ilpu mogaui Hampyru Ha cTaTop

gacToTu 50 ['11 IBUIKICTE X0JIOCTOTO X0y JOPIBHIOE:
21 -50
0=—-,

2

(3.4)
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Pucynok 3.6 — Cnektp

[Ticist, Mu 6a4uMMO BK€ yCTaJICHUN PEXUM X0JI0CTOTO X0y (3) piBHuii 0,7 A.
Ha ocumiiorpami ocHoBHa rapmoHika gopiHioe 2,5 't mpu 360,347 mB Bi110B1IHO.
CrexkTpanbHUl aHaNli3 MOKa3aHWW Ha PUCYHKY 3.6 MOKa3ye HaM 4acToty 3 - 1
rapmoHiku 7,75 I'm mpu 126,642 mB (0,35 B.0.), 5 -1 12,5 ' ipu 167,587 mB (0,46

B.0.), 1 301IBIIICHHS HU3bKOYAaCTOTHUX rapMoHik 2,9 I'm mpu 140 mB. (0,38 B.0.).

3.2 JlocaigxeHHss poOOTH YACTOTHO-KEPOBAHOIO0 ACHHXPOHHOIO

CJICKTPOIIPHUBO/JA 3 HABAHTAKCHHAM

Ha nanux pocnigax 300paxeHi ¥ omucaHi JilarpaMy 3 HaBaHTaKeHHAM. Ha
pucyHky 3.7 Mu 6a4uMo poOOTy JIBUTYHA Ha XOJIOCTOMY X0y MPU YacTOTi CTaToOpa
10 I'1 1 mepexoiom 3 HakuioM HaBaHTaxkeHHs 10 ['. Ocumiorpama nmokasye, 1o Ha
HUKHIN Bicl MOKa3aHi CTpyMH poTopa Ha xonoctomy xoay (1) pisai 0,5 A, micas
HAKWJIaHHS HABAHTAKCHHSI aMILTITy1a CTPYMY B MOMEHT HaKHIy TTOYMHAE 3POCTATH

(2) no 2A. Ha BepxHiii Bicl BMOMEHT HaKH1y HABAaHTa)KEHHsI MU Oa4UMO, 1110 IBUTYH
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3YNUHSETHCS, MBHIAKICTh Tagae a0 Hyus (3), mepexonsud B MOJAIBIIOMY B

TpaHCHOPMATOPHUI PEKUM.

w. peag
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Pucynok 3.7 — Ocriunorpama 3 HaBaHTaxeHHsM 10 1
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Pucynox 3.8 — Cnektp

Ha cnekrpampHOMY aHami3l MOKa3aHO, II0 Ha XOJOCTOMY XOAY MPHUCYTHS

BEJIMKA KIJIBKICTh HU3bKOYACTOTHUX rapMoHik. Ilpu HaOupaHH1 HaBaHTaXKCHHS

B1IOyBa€ThCsl BEIUKUN CTpUOOK Hampyru g0 3HaueHHs 2,066 B. Ilepen

HABAaHTAKEHHSAM MOXHA MOOAYUTH MIABUIICHUN CTPUOOK aMIUTITY/HU, IO € IMKOM
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HU3bKOYACTOTHUX rapMmoHik 9,375 I'm mpu 340 mB, 8,593 T'm mpu 240 mB
BiAnoBigHO. [lepeBeieMo TakoK rapMOHIKH B BITHOCHI OJTMHUIII:

3-t1 = 0,062 B.O.

5-a=0,012 B.o.

Hwuspkouactorna = 0,11 B.o.

u, pay)

M2

=

- = + + - ~ + +
A 04 08 1,2 0 20 24 28 332 Le

Pucynok 3.9 — Ocriunorpama 3 HaBaHTakeHHsM 30 'y

Ha pucynky 3.9 6aurmo poOoTy X0J0CTOT0 X0y ABUryHa mpu yacTtoTi 30 I'w,
1 HakuaoM HaBaHTaxeHHs. llepeximamii mporec mpoxoauth MmiaBHO (1). Yac
nepexoy He 3MiHIeThcsl. Ha HuxkHIN Bici MU 0auuMO 30UTBIICHHS aMILTITYIH
CTpyMy ycTaneHoro pexumy 1,5 A (2),. [Ipu nomayi Hanpyru Ha CTaTOp MIBUIKICTD

CTaHOBHUTD:

0="2" 2'30; (3.5)

2.314-30

® =94,2pan/ c.
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Pucynok 3.10 — Cnektp

CnexkTpanpHUM aHali3 TOKa3ye HaM OUIbII BHUCOKI

57

HU3bKOYAaCTOTHI

FapMOHiKPI Ha XOJIOCTOMY XOJAY A0 HAKW/IaHHA HABAHTAKCHHA, SICKPABO BI/Ipa)KeHi

amrutityau piBui 5,468 I'p 1 230 mB (0,03 B.0.), 4,687 'y — 150 mMB (0,097 B.0.),

3,135 'y — 140 mB (0,091 B.0.). [Ipu HaOupaHHI HABAaHTAXKEHHS HAIpyra 3pOCTae

10 1,533 B, micias 4oro HU3bKOYaCTOTHUX TAPMOHIK CTa€ MEHIIIS.

3-t9 = 0,03 B.0. 5-a = 0,009 B.O.

Pucynok 3.11 — 3 naBantaxenssm 50 '
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Ha 3akmouHOMy pHCYHKY 300pakeHa Jlarpama XO0JIOCTOI'O XOJy JBUIYHA 3

HaBanTtaxeHHsMm 50 ['m. Ilepeximauit mporec mpaktuyHo MiHiManbhmii (1). Ha

HUKHIN BiCl, B MOMEHT HAaKH/y HABAHTAKEHHS aMIUTITyJ]a CTpyMy JopiBHioe 0,6 A

(2), 301bIIYETHCS 1 cTae piBHOWO 1,4A (3).

CriekTpanbHMii aHaJ3 TOKa3y€e CTPUOOK aMILUTITy AU XOJIOCTOT'O XO/1y IBUTYHA

piBHui 50 T'm 2,343

1 480MB. Ilpu HaOupaHHI HaBaHTa)XKEHHsS Harpyra

30upIIyeThesd 10 1,051 B. B npoMikKy MK XOJIOCTUM XOJIOM 1 HaBaHTaKEHHSIM

BH/JIHA JIMIIIe OJHA HU3bKo4YacToTHA rapmonika 3,3 I'm i1 130 mB (0,12 B.0.).

[Ticnst 4oro HU3PKOYACTOTHI TAPMOHIKY MPAKTUYHO B1ICYTHI.

3-Ts TapMOHIKa

5-a=0,01 B.o.

= 0,03 B.o.
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Tabmuusa 3.1 — 3BegeHl XapaKTEPUCTUKM OCHOBHUX 1 HU3bKOYACTOTHHUX

FapMOHIK 1 IX aMILTITYy11 0€3 HaBaHTAKEHHSI

HaiimMmeHyBaHHS TOKa3HUKA Bennunna
10rux 30r 50rm
bes 1-a Yactora (I'n) 2,0 2,25 2,5
HaBaHTa)XEHHS | rTapMOHIKa Awmrunityia 270,922 | 368,211 | 126,642
(MB)
3-a Yacrora (I'm) 6,25 6,25 7,75
rapMoHika Awmrmtityna 0,38 0,28 0,35
(B.0.)
5-a Yactora (I'n) 9,75 11,75 12,5
rapMoHika Awmrutityna 0,13 0,43 0,46
(B.0.)
Hussko Yactora (I'ny) 3,906 3,0 2,9
YacTOTHI AMIIIUTy 13 0,01 0,3 0,38
TapMOHIKH (B.0.)

Tabmums 3.2 — 3BeneHl XapaKTEPUCTUKH OCHOBHHMX 1 HHU3bKOYACTOTHUX

TapMOHIK 1 X aMIUTITY14 3 HABaHTaXKCHHIM

HailimenyBaHHs OKa3HUKaA Bennuuna
10r11 30r11 50rn
3 1-a UYactoTa (I'r) 10,25 6,25 5,25
HaBaHTa | TapMOHIKa Ammnityaa (B) 2,066 1,533 1,051
KEHHAM | 3-a Yacrora (I'm) 30,75 18,5 16,25
rapmMoHika |  Awmmityna (B.0.) 0,062 0,03 0,03
5-a Yacrora (I'r) 51,250 | 31,25 26,5
rapMoHika | Awmrmrryaa (B.0.) 0,012 0,009 0,01
Hussko UYactoTa (I'r) 8,593 5,468 3,3
YaCTOTHI Awmrurityaa (B.o.) 0,11 0,15 0,12
TapMOHIKH
YacroTa (I'r) 4,687
Awmrurityna (B.o.) 0,097
Yacrora (I'mm) 3,135
Awmrurityna(B.o.) 0,091




60

Tabmuusa 3.3 — ITlopiBHsUIbHa OCHOBHA 1 HM3bKOYACTOTHA TapMOHIKA IS

CKaJIIPHOT'O KEpyBaHHS 0€3 HaBaHTAXKCHHS

HaitmenyBaHHS 1TOKa3HUKaA Bennunna
10ro 30r 50rn
bes 1-a rapmoHika Yacrora 1,75 1,75 1,75
HaBaHTaKCHHS (I')
Awmrmityna | 222,764 | 282,621 | 344,398
(MB)
Husepkouactorui | Yacrtora 2,78 2,73 3,51
rapMOHIKH (I'm)
Awmrmtityna 0,42 0,25 0,4
(B.0.)

Tabmumi 3.4 — IlopiBHAIPHA OCHOBHA 1 HWU3HKOYACTOTHA TapMOHIKA IS

CKAJLIPHOT'O KCPYBAHHA 3 HABAHTAXKCHHAM

HaiimMeHyBaHHs ITOKa3HUKA Benuuuna
10rmo | 30rix 50ru
3 1-a Yacrora (') 10,0 4,75 4,0
HaBaHTa | TaApMOHIKa Awmmityna (MB) 1566 | 821,848 | 911,097
)KeHHAM | Huzbko Yacrorta (I'mr) 7,42 2,34 2,73
9aCTOTHI Awmrurityna (B.o.) 0,12 0,14 0,21
TapMOHIKH Yacrota (I'mr) 8,53 3,51 3,51
Awmrutityaa (B.o.) 0,17 0,17 0,24
Yacrota (I'mr) 9,18 3,9
Awmrutityaa (B.o.) 0,26 0,26
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BUCHOBOK

AHani3 po3roHy NpUBOY Ha XOJOCTOMY XOAY Ha yacToTi BignosiaHux 30 I'ng
— 94 pan/c mokasye, 1110 BEKTOPHE PO3IMKHYTE KEpyBaHHS 1 BEKTOPHE 3aMKHYTE TI0
IIBUJIKOCT1 MPAKTUYHO 1ICHTUYHI, MAIOTh OJTHAKOBUH Yac rnepexiauoro mpoiecy 0,6
CEK., OJJHAKOBY YaCTOTYy yCTaJIeHOro poropa ctpymy 2,25 I'm. Cxoxi CHEeKTpH B
miarma3oHi Big 6 mo 15 I'm (y cucTeMM 3 JAaTYUKOM IIIBUIKOCTI MaKCHMallbHE
3HAYEHHA B 111 00JacTl 10BOAUTHCS HA 9,5 I'1, a B cuctemi 0e3 JaTunKa KepyBaHHs
Ha 13-14 I'm). [TyckoBi cTpymu B cuctemi 0e3 maTuynka BEKTOPHOTO KEPYBaHHS Ha
30% Oinbiie. [Ipu 1boMy B cUCTEMI 3 TJATYUKOM IIBUAKOCTI, IIBUJKICTh 00EpTaHHS
CTPOTO JOPIBHIOE 3aBAaHHAM. [Ipu ckajasipHOMY KepyBaHHI 4acTOTa YCTaJeHOTO
potopHoro ctpymy 1,75 I'i, wac posrony 0,4 cex., ClIeKTp HE MICTUTh 301JIbIICHHS
Bin 9 no 15 I'u. Bin croam BUmIIMBaE, M0 NpU PO3TOHAX, CKAISIPHE KEpyBaHHS
edeKTUBHIIIIE BEKTOPHUX, 3aCTOCOBYBaHUX nepeTBoproBadiB ATV 71.

AHaniz poOOTH MiJ HAaBaHTAKEHHAM. JlocmimKyBaBcs peXuM poOOTH HpH
HaOMpaHHI HaBaHTaXEHHS Ha vacToTi oOepranHs BiamosinHo 30 T'm. YmoBa
EKCIIEPUMEHTY, TMoYaTKoBa MBHAKICTh 0,5 A, KiHIIEBa HIBHJKICTH YyCTaJICHOTO
pexumy 1,5 A. Yac mepexigHoro mporecy 0,6 cex. AHami3 CHEKTpaJIbHUX
CKJIQJIOBUX BEKTOpHMI 0O€3 JaTuyrka KepyBaHHS MaKCUMajlbHa CKJIAJ0Ba CTPyMY
poTtopa mae yactoty 6,25 ', Hanpyra 1,53 B, a cucteMa 3 JaTYMKOM Ma€ 4acTOTy
YCTAJICHOT0 pOTOpHOTro cTpyMy 8,75 I'll., Hanpyra 1,9 B. CkansipHe kepyBaHHs Mae
MaKCUMaJlbHe 3Ha4eHHs npu yactoti 4,75 I'm. 1 BignmoBigHo Hampyra 821MmB. ¥V
niara3oHi Big 2 - X 110 4 - x [’ Bcl cucteMu MarOTh 0arato-mikoBi CIIEKTPH, JEIIO0
MEHIII TIPH CKAIIPHOMY KEPYBaHHI.

YacTtoTa pOTOPHOTO CTPyMY B CTAJIOMY PEXHUMI JTy’KE HA0YHO CBITYUTH MPO
e(eKTUBHICTh aNropuTMy. Benumka dyacToTa pOTOPHOTO CTPyMy BIJIIOBIJIAE
OuIbIIOMY KOB3aHHIO. Haii0uipa yacToTa pOTOPHOTO CTPYMY B HAILIOMY BUIIAJKY
y BEKTOPHOT'O K€PYBaHHS 3 JaTYMKOM IIBUAKOCTI 8,75 ' mpoTu 6,25 6e3 natunka

KepyBaHHs 14,75 y CKaJIIpHOTO KepyBaHHS.
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SECTION 1 ANALYTICAL PART

1.1 The relevance of the introduction of modern control systems

At present, electric drive systems are firmly in the lead among drive
devices and ensure uninterrupted and reliable operation of electric drives
in many areas of human production and life. The introduction of new
technologies, as well as the development and emergence of new devices
and products in our time is inevitable. They facilitate various processes of
our life. However, as well as everything new and unusual for us, these
technologies need to be learned, and, as you know, the learning process is
quite complex. This statement can be applied to software products and to
various products and devices.

Asynchronous adjustable clectric drive has recently become
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increasingly common m various industries. Modern asynchronous electric
drive is implemented on the basis of power semiconductor technology with
the use of microprocessor control. 1ts capabilities allow vou to orgamize
the adjustment of the output coordinates of the electric dnve in a wide
range, with high speed and accuracy. At the moment, the sofiware base at
many enterprises i1s being mtensively updated.

As a drve motor, the asynchronous motor has recently become the
most widespread. It is known that an asynchronous is several times
cheaper than a DC collector motor, has smaller dimensions, can be made
at a significantly higher speed at the same power, rehable and easy to
operate, as the motor rotor has no ¢lectrical contact (or sparks and does
not require constant service),

Until now, the most common way to control the performance of such
objects is the use of valves or control valves, but today it becomes
available frequency control of an induction motor that drives, for example,
the impeller of a pump umit, fan,

When using frequency converters, provides smooth regulation of the
rotor speed, allows in most cases to abandon the use of gearboxes,
vanators, chokes and other equipment.

Recently, the adjustable asynchronous dnive with  frequency
converters has undergone very significant changes mn its development, this
1s primarily due to advances in power electronics and microprocessor
technology, based on which frequency converters have been developed to
control induction short-circuited motors. The high speed of information
processing by modern processors has given impetus to the modemization
of old and the development of new control algorithms for the system
"frequency converter - induction motor" (inverter - AD).

To understand the i1ssues related to the control of an induction motor,
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as well as 10 achieve maximum efficiency in the use of inverter - AD
systems, 1t 15 necessary o have a deep understanding of the physacal
phepomena in the motor, converter and the system as a whole.

In addition, to build enerpy-efficient systems, it 15 necessary to take
into account the dynamic charactenstics of the dnve, which presents
certam difficultses.

In vector control there are many positive aspects, but it has a number
of problems - some of which are associated with the emergence of
harmonics in the currents of the rotor and stator.

In order 10 confirm these features of the vector control system, it 1s
necessary to understand the theory of vector control, develop a stand, and
conduct expenments with asynchronous drive, includmg spectral analvsis
of rotor and stator currents.

1.2 Analysis of modem electne dnve control systems

1.2.1 Scalar control

One way to control induction motors i speed-controlled electric
dnves s to apply the law U / f = const, which provides support for stator
flux at the nominal level in the mam speed range,

As the speed mereases, the field weakens, and as the speed
decreases, the overload capacity decreases.

If the control law U / | = const 1s used m open systems, the angular
speed of the induction motor when operating under load will differ from
the set value by the ship frequency (ship frequency s equal 1o the cireular
electric frequency of the rotor current),

The advantages of these doves mehude thewr high stability. They work
steadily even at critically low speeds, where vector control 1s unable to
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maintain stability. Similarly, scalar control in iself is a simple device, also
rehable and cheap to implement. Duning operation, you ¢an connect any
number of motors, and this will not affect the control.

There are several principles of simultancous regulation of frequency
and voltage,

Most often try to keep constant the overload capacity of the motor, to
make so that in all modes the ratio of the maximum torque to the moment
of resistance remains constant; & = Mn / Ms = const. At a constant load
moment Mc = const, the voltage on the stator must be regulated in
proporuon to the frequency

The main application of scalar control is i dnves that do not require
dynamic charactersstics of the system. One of the important advamages of
the scalar method 1s the possibility of ssmultancous control of a group of
electnic motors. Scalar control can be apphed 10 most practical cases of
using a frequency electric dnve with a speed control range of up to 1:40,

To change the voltage frequency m the stator cireunt of the motor
include an  mverter  frequency  converter  (thynistor.  transistor,
electromachme), which allows when changing the mpwt voltage control
voltage Uup to change the voltage amplhitude Ul = var at the mverer
output at constant frequency The change ar the input of the frequency
sontrol voltage Uuf provades control of the frequency {1 = var at the output
of the inverter at a constant amplitude Ul

It should not be forgotten that the expression for MK is obtamed for
the L-shaped substitution scheme with all s assumptions, Figure |1
shows the mechanical charactenstics for the law U1 / f1 = const,

When the frequency changes, the charactenstics move parallel to the
natural mechamcal charactenstic, which resembles the regulatton of the
motor speed of independent excitation of altemating voltage. The gain on
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the frequency Kf for a simplified block diagram can be determined by the
mechanical charactenistics at Ul = const wn = const.
_AM M M,

Af, f,-S, a-f,-S, (1.1)

K,

where: @ = f1 / fin - frequency n v.o.

Figure 1.1 - Scheme and amficial mechamcal characteristics at
f1 < vanlU1 /£l = const

aS:_l}__ux.-wzw..'m.-wJ)n-w_
. @ 0, o W,

(1.2)

Absolute slip, which differs from relatve shp s m that in the
denommator mstead of @b, whach changes at f1 = var, appeared wOH,
does not depend on the frequency. Absolute shp as allows to estimare
ngdity of mechanscal charactenstic, currents m a rotor ¢orct and i the
closed systems wall allow to solve some problems.
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In order to understand the causes, advantages and disadvantages of
vector control, vou need to understand the theoretical provisions of system
control,

Theoretical position of the vector control system BP

1.2.2 Vector control

A method of controlling AC motors that allows you to independently
and with low mnertia to adjust the speed and torque on the motor shaft,

The essence of vector control is to control not only the magnitude and
frequency of the supply voltage, but also the phase.

In other words, the magmtude and angle of the spatial vector are
controlled. Vector control in comparison with scalar possesses rather high
productivity.

Vector control (as opposed to scalar control) is understood as the
regulation of an electric motor, i which signals are produced on the basis
of a mathematical model of the electric motor. The mathematical model
must provide not only control by forming harmonic currents. but also
control the magnetic flux of the rotor. In the hterature, the process of
vector control is often described as the process of interaction of the control
device with the so-called "spatial vector™ rotating with the frequency of the

motor field.
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Figure 1.2 - Block diagram of the current control system

When constructing  transvector control systems - one form o
another, mathematical modeds of an indaction motor are wed, wheeh allow
to create uxlependent comtrod channels for the longitudinal and trsnsverse
components of the stator carrent. Consider first the example of current
controd, e such a control svstem that generates the phase currents of the
stntor. To simplify the expressions, we limit ourselves 10 a two-phase
representation of the machine, because its difference from the three-phase
one 5 that it is imsignificant for our problem 1o convert the mumber of
phases by multplying by constant coeflicsents. For the electromagnetic
moment of an induction motor controlled by the stator current, it follows
that the regulation can be camied out by two signals: flux coupling v2d, as
well as the rotor frequency ©2 or the transverse component of the statoe
current i1q. First on a system with control signals v2d and w2 Inside the
blood pressure (Fre 1.2), the longtdmal (1d and transverse (1g
components are formed from smusoidal phase currents e and (1 by
transition to the synchronous coordmate system usmg the rotator e<jgpl
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Therefore, if m the control dewice (PL) 1o perform the nvesse
transformaton €jg@l, which connects the componemts of the current [id
and 11 current coupling w2d and the rotor frequency w2, The inpat
sagnals will be the coordinates that determane the electromagnetic moment
of the BP. The element of the control device that smplemsents the transfer
functions ild = F (w2d) and ilg = F (w2, vw2d) is usually called the
coordinate  decoupling  wnit  (LC).  because it generstes  signals
corresponding  to idependent (resolved. separated) projections stator
cwrrent vector [F swwopucrosvearnld and i1q are used as mput signals of
the control unit.

According to the block diagram of Figure 1.2, 0t can be seen that the
transfer function of the blocks connected between the pomts of the carcust
by the comespooding flux signal and rotor frequency s equal to one (y2d
= 2d, w2 = 2, It can also be noted that the control devece of Frgare 1.2 can
pertorm its functions only the combition that the parameters of the BP
included m the transfer function of its links correspond 1o the true vahues,
otherwese there is a mismatch of coordinate systems of the engine and
control devace, which leads 10 loss of deve. The control system m Figure
1.2 provides for the formation of currents in the stator windmgs, wiach las
the properties of a current source. However, m prachce it 15 passsble to e
EMF or voltage sowoes. In fact, this applies only to the umit When
choosang for the PU the same inpat sagnals (p2d and e ), it 18 obvious that
the use of these funchions s difficult and m peactice erroes in mathematical
operations and deviations of the parameters of the BP from the values
ncluded i the transter functions of the wnits will lead to complete
inoperability of the device The task can be facilitated of we take mto
account that the rotor AT has a very karge electromagnetic time coastant
and ats flux coupling can change only relatively slowly, 1e dp2d / dt =
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The block diagrum of the control device m whach these functions are
implemented 15 more complex than the controd device for the system with
the formation of the stator current of the BP (Fig 1. 2). [n addition, it uses
approxamate expressions that infroduce an error o dynanue  modes.
Therefore, it can be concluded that control systems with stator voltage
generation are rarely used

In modem practice of manufactunng control systems for clectric
mators using the prnciples of vector control, two main approaches 1o the
implementation of vector control are consadered. The first involves the use
of a spoed feedback sensor i the control circuit. The second involves
control withowt & feedback sensor The first option allows you 1o
mmplement the most accurate in speed and torque control of electne
motors. The second can be attractive due to the financial aspects

Vector control of electric drives 15 now widespeead in the industry.
Currently, freguency converters implement motor control using  vector
controd algornithms used for electne machine 1ools (CNC).

The pracuce of replacing DC machine dnves with asynchronouws
elecine motors with vectoe control has recently  become increasmngly
popular

For the machine park, the principle of vector comtrol 1s usually
implemented using foedback sensors.

Vector controf systems without feedback sensors can be used in cases
where i1 15 necessary to provide a guaranteed significant torque on the
shafl of an mducnon motor m the stat-up mode. For example, such
systems are used for submersible pumps n water supply systems. Vectoes
controfled  frequency comverters are produced by almost all magor
manufacturers of frequency converters. Among them are the Japanese
firms Fuj, Omron, Schoneider, and others.
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1 2.3 Vector sensordess controd

Vector sensorless controd allows you to significamly increase the
control range to 10 1004 and above, the accuracy of speed comtrol - up to
hundredihs of a percent, the accuracy of the moment - up to ooe percent.

In freguency - regulated asynchronous clectne dnves vector control s
connected both wath change of frequency and current values of vanables
(voltage, staror carrent, flux coupling), and with mutual orientation of their
vectors in the Cartesian coordinate system.

Due 1o the regulation of both the amplitude valwes of the vanables
and the phase anples between thewr vectors, the lnghest quality coatral of
the speed, torgue and current of the induction maotor 15 achieved, both m
statics and dynamics.

In cases where the mstallation of the speed sensor is difficult - for
example, when upgrading existing clectric drive systems, or impossible
due to the design features of the drive, a sensorless control system 15 used.

The algonthem of this control system is basad on mformation coming
oaly from the current and voltage sensors of the motor statoe.

According 1o the measured stator currents and voltages can be
calcuiated ofl the vanables necded to bld a control system  Swch
varinbles include the angle of rotation end the modukus of the fAux coupling
vector of the rotor. The vector module is ased to organize the feedback in
the flow control circuit of the rotor, and the angle of rotation 18 used to
ovsent the rotating coordmate system. The impossibility of thew direct
measurement makes ot necessary to form systems for calculatmg these
coardinates on the basis of defferennial equatsons. The components of the
spatial vectors of voltages and currents of the stator i the stationary
coordinate system are considered as woput parameters, uxd as the output
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variables - the modulus of the flux coupling vector of the rotor and its
angle of rotation in space relative to the stationary coordinate svstem.

Vector control, being o type of modal control, has all s advantages:
modal SAC does nol require stabity testing, does not require the
introduction of additronal corrective devices, mtroduction of modal SS, by
virtue of their mertsa, does not merease the order of the object and does
not violate its controllabality and observation; relative simpheity and cost-
cffectiveness of technical mplementation of modal SAC,

At the same time, due 10 the imaccurncy of the model, incorrect
accounting of external perturbations and vanable control parameters, o
loses stabahity (*falls apart”).

The class of control systems without the use of external speed
teedback sensars 15 wadely demanded due to the difficult operating
conditions of some drives and the desire to merease the reliabilsty of the
electnic drive while reducing its cost. Veotor controf is used when the Joad
can change at the same freguency duning operation, ie there s no clear
relaionship between koad torgque and speed, as well as m cases where it s
necessary to obtan an extended range of frequency control o rated
torques, for example, 0 50 Hz for a moment of 100% from Mnom, o
alkows to mcrease control range, accuracy of adjustment, 1o merease spesd
of the ¢lectne drive. This method provides control of engine torque. The
torgue 18 determimed by the stator cwrrent, which creates an exciting
magnete field. When directly controlling the torgue. it 5 necessary o
change i addmon 1o the ampliude and phase of the stator current, ¢ the
current vector The vector method of control of the frequency converter
cames out quahtative control of the electne mator, than scalar. Setting up
sich a converter reguires more m-depth knowledge m the field of electric
drive devices and ¢lectne machings.
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Advantages of vector control:

—high accuracy of speed regulation;

—fast reaction to change of loading: at change of loading practically
there is no change of speed.;

—increased control range and control accuracy;

~Heating and magnetization losses are reduced.

The disadvantages of vector control include:

~the need to set the parameters of the motor (including R and L
windings ).

~great computational complexity;

—non-sinusoidal currents and voltages:

~it 1s impossible to control several engines:

—in case of incorrect parameters of conducting — there is a failure.

All electric machines work in a similar way. In the theory of electric
dnive. there is even the concept of "generalized electric machine”, which
reduces the work of others. In order to clanfy the disadvantages, pros and
cons of vector control, a stand was developed and spectral analysis was
performed.

Spectral analysis of signals. Spectral analysis consists in the
decomposition of a signal mto its frequency or spectral components and
the evaluation or measurement of their characteristics - amplitude, phase,
power, power spectral density, ete.

The main methods of spectral analysis are filter (band analysis
methods), without filter, parametric. current and variable analysis, The
parameters of spectrum analyzers include: the number of analysis
channels: observation time and number of samples or length of the

processed implementation; analysis band not exceeding for the discrete
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proportional to the analysis time and corresponding to the frequency
difference of two adjacent allowed frequency components of the signal.
Spectral analysis of stationary harmonic signals. The spectrum of the
analog signal is concentrated in a limited frequency band and its
parameters can be estimated using the spectral characteristics of the
discrete equivalent, which is formed after the previous analog filtering at

the ADC output.
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