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BBenenune

JlaHHOE pacueTHOE 3aJaHuE OTHOCUTCS K MECTE MPOBEACHNUE TPAKTUKU. [Ipon3BoacTBeHHAs
npakTuka Obuta mposeneHa B 3nanuu TTY Ha kadenpe « u BT».OcHoBHas 3a1a4a MpakTUKA
3aKJII0YANIOCh B COCTaBJIEHUHM HOBOM J1abopaTopHoii paboTsl 1o Kypey «CYIII» Ha Teme
«Cucrtema ctabmiIn3aluy CKOPOCTH C IBYX30HHBIM yIIpaBiieHueM». VccienoBanue Havaics ¢
OIpeCIICHUE TapaMETPOB CUCTEMBI KaK B IIEPBOM Tak ¥ BTOPOH 30HAX MCCIEAYEMOM
CUCTEMBI.
Cucrtema nocTpoeHa Mo NPUHIUITY MOAYMHEHHOTO PeryIupoBaHus (T.€. U epBas U BTOpas
30Ha). CucteMa oCTpoeHa M0 IPUHIIMITY 3aBUCUMOT0 peryauposanus. Ciexyer
OTMETHTH,4TO ObljIa MPOBEJIEHA TOJIBKO BUPTYaJIbHOE UCCIIEI0BaHUE CUCTEMBL. B
Ka4eCTBEHHCTPYMEHTa OBLIO HCIOIB30BaHO NporpamMma Matlab 6.1 co cBoum makeTom
Simulink.HccnenoBanue npoBoaANIOCs HA OCHOBAaHWE MaTeMaTHYECKOW MOJIENIU, KOTOpas B
CBOIO ouepe/ s OblIa IMofydeHa Ha OCHOBAHUY PEIICHNE KOMIUIEKC T QepeHIratbHbIX
YpaBHEHMI ONUCHIBAOIIME KAK LIEeMb BO30YKICHUE TaK U IKOPHYIO LIENb IBUTATEIS.
BaxxHo oTMETHTD, UTO JaHHAs CUCTEMA HE CBOOOHA OT HEJOCTATKOB U TpeOYeT TIIATEIbHOE

YJIy4lIEHUE B CBOEM HAIPABJICHUU. XOTS JKEJIAEMBbIE PE3YJIBTAThI €111€ HE TIOJYyUYEHBl HO

paboTa B 3TOM HaIPaBJICHUU €I HE OCTAaHOBJICHA.



CUCTEMA JIBYX30HHOI'O YIIPABJIEHUSA
CKOPOCTBIO SJIEKTPOIIPUBOJA

[TprMeHeHne 3eKTPONPUBOJIA C IBYX30HHBIM PETYJIUPOBAHUEM 1IETIECOO0PA3HO IS
IPOM3BOJICTBEHHBIX MEXaHU3MOB, Y KOTOPBIX pa00Ta Ha BEICOKMX CKOPOCTSX IMPOUCXOIHUT C
HE3HAUYUTEIbHBIM MOMEHTOM COIPOTUBIICHUS Ha BaJly U HA000POT, Ha MaJIbIX CKOPOCTAX
TpeOyeTcs MOBBIIIIEHHOE (HOMUHAIBFHOE) 3HAYCHUE MOMEHTA.

JIBYX30HHBIH 3JIEKTPONPUBOJL 00ECIIEYMBAET PETYIMPOBAHNE CKOPOCTH JO HOMUHAJIBHON
CKOpOCTH (TIepBast 30Ha) 3a CUET M3MEHEHUS HANPSDKEHHUE Ha SIKOPE MTPH HOMUHAIBHOM
IIOTOKE BO30YXKAEHUS, a PErYJIMPOBAHUE BbIIIE HOMUHAIBHON — 32 CUET U3MEHEHUS
MarHUTHOTO TTOTOKa (BTOpast 30Ha) MPH MOCTOSHHOM HarpspKEHUH Ha SIKOpeE.

VYnpaBieHne CKOPOCThIO IBUTATENs BO BTOPOIl 30HE MOXKET MPOU3BOJUTCS MO MPUHIIUITY
HE3aBUCHMOTO MJIM 3aBHCHMOTO YIIPABJICHUS 110 OTHOUICHUIO K M3MEHEHHIO HATIPSOKCHUS Ha
skope aApuratens. [Ipy He3aBUCUMOM YIIPaBIECHUH CKOPOCTh JABUraTeNsl B KaXKA0H 30HE
YCTaHABJIMBACTCSI CBOMMH 3aJaTYMKAMH, 0OECTICYMBAOIINMHI H3MEHEHUE HAIPSHKEHHS Ha
SKOpE WJIK MarHUTHOTO NMOTOKa ABUraress. CUCTEeMbl 3aBUCMOTO YIIPABJICHUS HANPsKEHUEM
Ha SIKOPE U TIOTOKOM JIBUTATEJsI IIPEyCMaTPUBAIOT 33/IaHUE CKOPOCTH B 00€UX 30HAX OTHUM
3agaTyukoM. Takue cucteMsl 6ojiee MpOCThl U 001aJa0T JYUIIUMHU THHAMUYECKUMHU
NoKazaresiMH. B Takux crcTteMax yrpaBleHHsI CKOPOCTBIO BO BTOPOil 30HE TIPOU3BOIUTCS
1100 B GyHKIMM HaNpsKeHus, 1u6o B pyHkuuu npotuBod/IC neurarens.

[Tpruem cxema ynpaBiieHUsI BO30YKICHHUEM BBITIOIHIETCS TAKUM 00pa3oM, 4TO IpU

n3Mmenenuu HanpspkeHus: ot 0 1o Ugy umu 3JIC neuratens ot 0 1o (0,9 —0,95 )E, ,
HaIpsKEHUE Ha BXOJI€ KOHTYpa PeryJupoBaHusi BO30OYKICHHUS HE U3MEHSETCS U TIOTOK
JBUTATENSl TMOCTOSIHEH U PaBeH HOMHUHAIbHOMY. [Ipy 3HaUEHUAX HAMPSHKEHUS SIKOPS HIIN
O/1C nBurarens, OJM3KUX K HOMHHAJIHLHOMY, Ha BXOJI KOHTYpa BO30YKICHUS TI0IaCTCs
CUTHAJ 00paTHOM cBsI3u 1o HanpspkeHuto win DJ{C nBuraTens, 4To NPUBOAUT K OCIA0ICHUIO
noToka asurarens. [Ipuyem nomHoe ocnadienue notoka ot Oy 10 Oyyy TPOUCXOAUT TTPHU
M3MEHEHUE HanpsHKeHUE siKkopst ABurarens uiu npotuBo/{C neurarens Bcero Ha 5%,
MO3TOMY OCHOBHOE€ M3MEHEHHE CKOPOCTH BO BTOPOM 30HE MPOUCXOIUT 32 CUET U3MEHECHHE
MarHUTHOTO TMOTOKA. B psne ciydaeB uist yBennueHue ObICTPOACHCTBUS AIEKTPOIPUBOAA
pu paboTe Ha BTOPOI 30HE 3/1C peoOpazoBaTesis SKOPHOU 1enu OepyT C HEKOTOPHIM
3amacoM. B aToMm ciyuae, mpu BO3MYIIEHUSIX CO CTOPOHBI HATPYy3KH, OOJIbINAs YacTh ee OyaeT
KOMITEHCHPOBATHCS 32 CUET U3MEHEHUS HANPSDKEHUS Ha 3aKHMaXxX JIBUTATENs, TaK KaK KOHTYP
perynupoBanusi BO30ykIeHus 001a1aeT O0NbIION HHEPIIMOHHOCTHIO U TOK BO30YKACHUS
OyJeT U3MEHSTHCSI HE3HAUNTENbHO. TakuM 00pa3oM, 3JIEKTPOIIPUBOJ BO BTOPOW 30HE MOXKET
UMETh TaKoe ke ObICTPOJICHCTBUE, KaK U B IIEpBOH 30HE. B 3TOM 0CHOBHOE MpPEeNMYyIIIeCTBO
3aBUCHUMOTO MPUHIIUIIA PETYIUPOBAHMUS.

CUCTEMA JIBYX30HHOI'O 3ABUCUMOI'O PEI'YJIUPOBAHUSA CKOPOCTH
SJIEKTPOITPUBOJA

Ha puc.1 . mpuBenena ¢pyHKIMOHAIbHAS CXeMa ABYX30HHOTO KOMIUIEKTHOTO HEPEBEPCUBHOTO
3iekTponpuBoja Tuna T3, npeqHa3HAYeHHOT O JJIsl IPUBO/Ia METAJUIOPEXKYILIUX CTAHKOB.
CucremMa IBYX30HHOTO JICKTPOTIPUBOA COACPIKHT JIBA THPUCTOPHBIX TIPEOOPa30BATEIIS IS
nUTaHus ssKopHOM tenu apuratens YIS u uenu Bo30y X aAeHUS ¢ IPOMEKYTOUHBIMH
CYMMUPYIOIIUMH YCUITUTEISIMU cooTBeTCTBeHHO [1Y 1 n [1Y2.
Ha Bxogne ycunurens I1Y lcymmupyrorces curnansl 3aaanusi cKopoctu Us. U OTpHULIATENIbHBIX
00paTHBIX CBsI3€H MO CKOPOCTH U TOKY C oTceukaMu. C MOMOIIBIO 3TUX OOPAaTHBIX CBs3EH
obecrneunBaeTcs CTaOMIN3alNs CKOPOCTH M TOKA KaK B MEPBOii, TaK U BO BTOPOU 30HAX
peryarpoBaHus CKOPOCTH. YTIpaBJIE€HHE CKOPOCTHIO BO BTOPOIl 30HE OCYIIECTBIISIETCS B
3aBUCHMOCTH OT HAIPSDKEHUA HA 3aKUMax saKops nuraresns. CUrHan nponopuroHaIbHbINA
HaIPSKEHUIO HA 3aKUMaxX JIBUTATENsl CHUMAETCS C JEIUTENs, 00pa30BaHHOTO
conpotuBneHusiMu R; u Ry, Ha natunk Hanpsprenus J{H, umeromiero ko3 uirent nepenadu



K. Curnan uepe3 naturka HanpspkeHus: yepes3 ctadbunutpon CT3 mogaeTcst Ha BXO.
IPOMEXYTOUHOT0 yeunurens 11Y2.

Puc.1. ®yHkunoHanpHas cxeMa JIByX30HHOTO 3aBUCHUMOTO 3JIEKTPOIIPUBO/IA.

Cxema HacTpamBaeTCsl TAKUM 00Pa30M, YTO €CITU HAMPSDKEHHE SKOPS OyeT MEHbIIE

HOMUWHAJIBHOTO, TO curHaj, caumaembii ¢ JIH Ug,;=aKyU,, rae a=ﬁ -- KO3 hUIUEHT
+

nenutens, Oynet MeHbine HanpsokeHus mpoo6ost ctadbunutpora CT3 Uy, Ues 1 Ugs=0,
MarHUTHBIN MOTOK OYyI€T ONpenesaThCsa HadaabHOU ycTaBKOW Uy M paBeH HOMHUHAIBHOU
BenmunHe. [pu oK, Uy, U, crabunutpon CT3 mpobuBaercs u Ha Bxox I1Y2 nonaetcs
CUTHAJI O0OpaTHOU CBSI3U TI0 HANIPSDKEHUIO JIBUTATENIS] 1 MATHUTHBIN TIOTOK OClIa0eBacT.
[Tpuuem mapameTpsl BEHIOUPAIOTCS TAKUM 00pa30M, YTO TOJTHOE OCNIa0JIeHne MarHUTHOTO
MOTOKA OCYIIECTBIISICTCSl TIPH MOBBIIIICHUU HANIPSDKEHUS Ha SIKOPE CBEPX HOMUHAIBHOTO
Bcero Ha 5%. Eciu paccMOTpeTh Iyck IBUTaTelNs B pacCMaTpUBAEMOM CXeMe IBYX30HHOTO
3JICKTPONPUBO/IA TIPH CKAYKOOOPA3HOM M3MEHEHUHU CUTHAA 3aaHus cKopocTu Use, TO
CJIeIyeT OTMETHTh, UYTO IMYCK JI0 OCHOBHOU CKOPOCTH OyET MPOUCXOIUTh TOYHO TaKKe, KaK 1
B OJIHO30HHOU PETyJIUPOBAHUE CKOPOCTH C OTPUIATEIILHBIMU OOPaTHBIMH CBSI3SIMU TIO
CKOpPOCTHU U TOKY C OTC€UYKaMHU. Tak Kak MOYTH Ha BceM mepuoje pasrona 10 Us no UsiH
oOpaTHast CBsI3b 110 HANIPSDKEHUIO IEHCTBOBATH HE OYIET U MOTOK JABUTATENS OyAET MOCTOSTHEH
U paBeH HOMHMHaNbHOMY 3HaueHuI0 O=®@H, T. €. onpenensgercs HadyaIbHON yCTaBKOM Uyyo.
[Tocne nmocTmkeHUss HOMUHAIBHOTO HAMPSXKEHUSI HA SIKOPE U MPU JAJIbHEUILIEM €ro
HapacTaHus 10 3HaueHus Us=1,05*UsH npoucxoauT ocaabieHue MarHUTHOTO TTOTOKA U
JIBUTATENb PAa3roseTcs 10 MAaKCUMAJIbHOM CKOPOCTH MPU COXPAHEHUE KOHTPOJIS TOKA SAKOPS.
XapakTtep mepexoJHOTo Mpoliecca BO BTOPO 30HE OyIeT ONPEIEsATCS B OCHOBHOM
WHEPIUOHHOCTHI0 0OMOTKM B030Yyx)aenus. Eciiu OB gBurarens umeer Maiyro
WHEPIIMOHHOCTD, TO Pa3TOH JABUTATENSI BO BTOPOU 30HE OyAET MPOUCXOIUT IIPH i;=loTc=const,
KaK | MepBoii 30He (puc 2).

ALY

Puc. 2. KpuBsle nepexoiHOro npoiiecca Mmpu Mmycke ABUTaTesl ¢ JBYX30HHBIM PETYJIUPOBAHUEM
CKOPOCTH



AHaAJIOTUYHBINA XapakTep NepexoaHOTO Mporecca OyAeT MIMETh MECTO U CITydae HaJTHMIus
3araca 1o HalpsbKeHHIO B ITpeoOpa3oBarene sskopHoi YIS, Tak kak mosiBisieTcs
BO3MOXHOCTh oOecmieueHus (GopcupoBKu. B ciaydae oTcyTcTBUY 3amaca 1o HanpspKeHUIO
SKOPS, TP MEUICHHOM OCJIa0JICHMM MarHUTHOTO ITOTOKAa BO3MOYKHO YMEHBILICHUHU TEMITa
HapacTaHUsl CKOPOCTH, CHIDKEHUHM TOKA W YBEJIMUYEHHE BPEMEHH TIEPEX0THOTO IpoIiecca
(IITpUXOBBIEC TUHUH HA PUC 2).

Jnist aHanmm3a yCTaHOBUBIIETOCS M MIEPEXOAHBIX POIIECCOB B ABYX30HHOM DII coctaBuM B
o01em cirydae ucxonusle quddepeHimanbapie ypaBHEHHS B ONIepaTopHOi opme mpu
YCIIOBHH O€3BIHEPIIITHOHHBIX TPOMEKYTOUHBIX YCHUIIUTENEH U HHEPIIUOHHBIX
npeoOpa3oBareneii.

U(p)=Us 3¢(p)—yo(p)—Porc[1a(P)-Tore]Rau 1 (AI) (1)
Uy(p)=Ky1 Us(p) (2)
Ensi(p)(Tyap+1)=Uys(p)Kns 3)
Ems(p) —Ce®d(p) o(p)=ia(p)Raau(Tuspt1) 4)
CmD(p) ix(p)-Mc= Jpo(p) (5
Uon(p) = aKuUn(p)=Ku[CeD(p) o(p)* ix(p)Ra(Tup+1)]  (6)
Une(p)= Uon(p)[Us(p)-Usn(p)] 1(AU) (7)
Uys(p)=Ky.Usx(p) (8)
EnB(p)( Tuspt1)=[Uyzo-Ky2UBx(p)]Kns 9)
Ens(p)= ix(p)Re+WD(p)p (10)
1:(p)=KB(D)D(p) (11)

[IpuBenénnsle BoIe ypaBHeHus (1)--- (11) xapakTepu3yroT ITMHAMUYECKHE PEKUMBI TS
SIKOPHOM LIENH U IS IeTTh BO30YKICHHS JBUTATEIS.

Ha puc 3 npuBesnena cTpykTypHas cxema AByx30HHOro JII , cocTaBieHHas Ha OCHOBE
(GyHKIMOHATBHOHN cxeMbl pucl.
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Puc. 3. CtpykTypHas cxema IBYyX30HHOTO 3JIEKTPONPHUBOIA

Kaxk BH1HO U3 pUBEIEHHBIX YPABHEHUN U CTPYKTYPHOM CXEMbI IIPU UCCIIEI0BAHUU
JTUHAMUYECKHX PEXUMOB B ABYX30HHOM DIl HE0OX0IMMO yUUTHIBATh HEJTMHEHHBIE
3aBUCUMOCTH U IIPOU3BEIACHUE ABYX NEPEMEHHBIX BEJIUYUH AJIs



oIpeziesIeHUs MOMEHTA U MPOTUBO 3/Ic ABUrareis. B obmeMm ciydae ucciaenoBaHue
JUHAMUYECKHUX PEKUMOB B TAKUX CUCTEMAX LIE1eco00pa3HO MPOU3BOAUT C IPUMEHECHUEM
OBM. Oxnako [u1s npeABapUTENbHBIX UCCIET0BAHUI B MAJIOM MOXET OBbITh HCIIOJIb30BAaHA
HPUHIMI JMHEAPU3aLUU HETMHEHHOCTEH ¢ 1eNIbI0 UCTIONIb30BaHus 0oJiee MPOCTHIX JTMHEHHBIX
METOJIOB CHHTE3a ISl BEIOOpa KOPPEKTUPYIOMINX yCTPOUCTB. I paccMaTpuBaeMoi
CHCTEMBI MOTYT OBbITh IPUMEHEHBI MOCJIEI0BATENIbHbIE U MapaJuIeIbHbIe KOPPEKTUPYIOIINE
YCTPOICTBA.

Ha puc4 npuBenena ¢pyHKuHOHAIbHASA cXxeMa AByX30HHOTrO JI1, ¢ moqunHEeHHBIM
peryiaupoBaHueM KoopauHaT. B kauecTBe perynnpyeMbIX KOOpAUHAT B KaHaJIe YIIPaBICHUS
HaNPsDKEHUS SKOPS SABIIAETCA CKOPOCTh U TOK SIKOPSI IBUraTells, @ B KaHAJIEC YIIPABICHUS
BO30Y KIEHMSI — 3/IC U TOK BO30Y>keHus nBuratesnsa. Kanan ynpaBiieHus: HanpsKeHUs IKOpst
HpeCcTaBisieT cO00N ABYXKOHTYPHYIO CUCTEMY PETYJIUPOBAaHUE CKOPOCTBIO C PETYJISTOPOM
PC 1 nogunHeHHBIM KOHTYpOM perynupoBanus Toka sikops ¢ PTS. Kanana peryiaupoBanus
BO30YKJIEHUS TaKXKe SBISETCA ABYXKOHTYPHON CHCTEMOH peryiaupoBaHus 3/c ¢ PO u
MIOJTYMHEHHBIM KOHTYPOM pPEeryJMpoBaHus Toka Bo30yxaenus ¢ PTB. Kanan perynupoBanus
CKOPOCTH JIBUTaTelIs 32 CYET N3MEHEHHUS HAIIPSDKEHUS Ha SIKOPE MOJIHOCTBIO COBIIAJACT C
cucremoii I1P ognozonnoro OI1.

Orpannyenue Toka sikopsi odecrneunBaercs crabunutponamu CT1, CT2, kotopsle
OTPaHUYMBAIOT BXOJHOE HanpspkeHue peryisropa PC. Hampsokenue mpo6ost CTabMIIMTPOHOB
CT1 u CT2 ompenensercs 1o BEIUUYNHE MaKCUMaJIbHOTO ToKa skops (Puc. 4.).
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MaremaTnueckast MOJIEIIb CUCTEMBI
C IBYX30HHOW PETYJIMPOBAHMUS.

MaremaTHueckass MOAENb CUCTEMBI C IBYX30HHOM peryaupoBaHus ObuIa co3aHa Ha
OCHOBAaHHMH CTPYKTYPHOI cxeMbl. MaTeMaTtnueckasi MOJIeNb peacTaBiIeHa Ha puc. 5. Ha
puc.6. mpeACTaBIeHbI KPUBBIE TEPEXOJHOT0 Ipouecca. KprBble MOKa3bpIBatOT U3BMEHEHUE
CKOPOCTb, TOKA U 3JIC IPeoOpa3oBaTeisi Ha MepBoOii 30HE. BaXkHO OTMETHUTH, UTO JTaHHbBIC
KPUBBIE OBLITU CTPOCHBI MPU TOMOIIIH TPOTPAMM

sl Matlab 6.1 B cpene Simulink.

Look-Up
Tablez

anome}maﬂ MATEMATHUYCCKAH MOJeJIb CHCTeM JBYXIOHHOI'O PErYJIHPOBAHHA

e}

A= ................. ................ .................................. ...........

1] TR P B .................................. U

300 i | i i | i | I i
1] 1 2 3 4 5 B 7 g 9

e offset: 0 IIepexoHbIe MPOHEeChI




3aKiIroueHue
CucremMa ¢ IByX30HHBIM YIIPABJICHHEM CKOPOCTH TI0 CITOCO0y pacuera
CUYHMTACTCSI OJTHUM U3 CJIOKHBIX, HO yIOOHOMU MpH dKCIUTyaTtanuu. [Ipumenenue
JIBYX30HHBIX CUCTEM YTIPABIICHUS SBIIICTCS SKOHOMUUYECKH I1esIecoo0pa3HbIM. B
JTaHHOU paboTe 00Cy AIUCh 00IIME BOMPOCH CUCTEM C JIBYX30HHBIM
yIpaBjIeHUEM, OCOOCHHOCTH ATOM CUCTEMBI, TPUBEICHBI PA3INYHbIE CXCMBI
OTMCBIBAIOIINE JaHHYIO cucTeMy. MartemaTruueckasi abcTpakius cucrema Oblia
MIPOBEJICHA Ha OCHOBE CTPYKTYPHOM CXEMBI M C UCIIOJIb30BAHUEM TTOCIICAHEH
OblJa cOCTaBJIeHa MaTeMaTHyeckass MoJieilb. B MaTemaTnueckoil Moiesid KpoMe
JTUHAMHYECKHE 3BEHA KOTOPHIE OMMCHIBAIOT KAXKIYIO SJIEMEHT (PU3HUIECKOTO
MIPOMCXOXKCHUS B JMHAMHUKE, ObIJIM BKJIIOUCHBI JOTIOJHUTEIIbHBIC HEIMHCHHBIC
AJIEMEHTHI OCHOBHOE Ha3HAYCHHUE KOTOPBIX JUKTYETCS Kak Obl OoJiee IeTaIbHBIM
oTpakeHueM (HU3UIECKUX MPOIIECCOB MPOUCXOIAIINE B PEATHHBIX CHCTEMaX.
Xo04y OTMETh, UTO 3a7a4a KOTOpasi pemaeTcs celuac HaMu HE 3aKOHUYECHA, T.C.
MOJTYYCHHBIC PE3YJIBTATHI €IIE /TaJIEKO OT UCTUHBI M HAJICIOCh, UTO BIIPEIb OHA
HalJeT CBOE pelieHue B OJHOM 00BbEME.



Jlureparypa
1. CagpikoB X.P. Cuctembl HEIPEPHIBHOTO YIPABIECHUS 3IEKTPOIPUBOIOB
MOCTOSTHHOTO TOKA. Uzn. [lepas tunorpadmst . yman6e 1997r.
2. CnpaBOYHHK [0 aBTOMAaTU3UPOBAHHOMY 3JIeKkTponpuBony. [lox pen.

Enuceesa B.A. u lllunsinckoro A.B ---M: Dueprousaar, 1983. — 616c.

3. bamapun A.B., HoBukos B.A., Cokonosckuii I'.I'. Ynpasienue
DnektponpuBoaamu. JI: ueproumsaar, 1982. — 385c.



	РЕСПУБЛИКИ  ТАДЖИКИСТАН
	имени академика М. С. Осими
	Кафедра: «АЭП и ЭМ»
	ЗАДАНИЕ№


	Введение
	Данное расчетное задание относится к месте проведение практи
	Система построена по принципу подчиненного регулирования (т.
	Важно отметить, что данная система не  свободна от недостатк
	СКОРОСТЬЮ ЭЛЕКТРОПРИВОДА
	Математическая модель системы


