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BBEJIEHME

OnHOM M THaBHBIX MNpoOJEM METAUIOPEKYIIMX CTaHKOB M APYTHX
IIPOU3BOJICTBEHHBIX MAIUH SBJISAETCS PETYIMPOBAHNE CKOPOCTH.

[IponomxurensHOe BpeMsi 3T MPOOJEMBbI pelladd MEXaHUYECKUM IyTeM:
NPUMEHSIN KOPOOKH CKOPOCTEN B MPHUBOJIE TJIABHOIO JBMXKEHHUS U KOPOOKH 1OJay €
nepemMeniaeMbiMi OJI0KaMu IIECTepeH B coueTaHuu ¢ Heperynupyembeim OJ1. Ho y
3TOT0 METOJA €CTh HECKOJIBKO CYLIECTBEHHBIX HEIOCTAaTKOB: OIPAHUYEHHOE YHCIIO
CTYIICHEW  NEPEKIIYEHUs, TPYIOEMKOCTh  HM3TOTOBIEHHUS, HEBO3MOXXHOCTH
aBTOMAaTHU3aLMH IIPOLiECcCca PEryJIMpOBaHUs CKOPOCTH.

Yame Bcero, peryJMpoBaHUE CKOPOCTH OCYILIECTBIIIETCS JSIEKTPUYECKUM
MeTonoM. Mcnonp30BaHWE PEryaupyeMOro 3JIEKTPONPHBOJIA IO3BOJIIET HU3MEHSThH
CKOPOCTh TIE€PEMEIICHHS] HCIOIHUTEIBHOIO OpraHa CTaHKa B COOTBETCTBUM C
VIOPABIISIIONIMM  BO3/CHCTBUEM, BbIPA0ATHIBAEMBIM  CHUCTEMOM  IPOrPAMMHOIO
yhnpasieHus. PerynupoBaHrne IPOU3BOAMTCS HE3aBUCHMO OT CHJI CONPOTHBIICHMS,
KOTOPBIE IEUCTBYIOT Ha 3JIEKTPOMEXAHUYECKYIO CUCTEMY ITPUBOAA.

[lenbto naHHON pabOTHI SBISAETCS OCBOCHHWE METOJIMKM aHaiu3a M CHHTE3a
3aMKHYTBIX AJIEKTPONPUBOAOB IpeoOpa3oBarTeilb-IABUraTellb C HCIOJIb30BAaHUEM
anmpoKcuMupoBaHHbIX JIAUX.

HcxonHbIMU JaHHBIMHA K KypPCOBOMY MPOEKTY SIBJISIFOTCSI MACHOPTHBIE JTaHHbBIE
JBUTATENSI TMOCTOSTHHOTO TOKAa HE3aBUCUMOTO BO30YKJeHusA. PesynbTaTomM padOThI
ABJIIETCS] YCTOMYMBAs, NOCTPOEHHAs! HA MAaKCUMaJIbHOE OBICTPOACUCTBUE 3aMKHYTasI
CUCTEMA JJIEKTPOIIPUBOJIA C ABYMSI KOHTYPaMH:

1.Buyrpennuii kouTyp perynuposanus Toka (KPT).

2.Buemnuit koHTyp perymupoBanus ckopocTu(KPC).

Kaxnaplii KOHTYp MMeeT 1o OAHOMY perynsTopy. COOTBETCTBEHHO PETYJIATOP
toka (PT) m perymsarop ckopoctu(PC). B kauectBe perynaropa BbIOHparOTCS
u3osipomusie 3BeHbs. ([T — perynsarop).
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1 UCXOIHBIE JAHHBIE
CornacHo BapuaHTy 3a/IaHMs Ha KypCOBYIO pabOTy UMEEM CIIeyIOIIUe

NACTIOPTHBIC TAHHBIC IBUTATEIISI TOCTOSTHHOTO TOKa HE3aBUCUMOTO BO30YKICHUS
(Tabnuma 1)

Tab6auna 1 - Ucxoaubple JaHHBIE ABUTATEIA

HanmMeHnoBanue 3HaueHue
Tun 1122
Momtnocts PH, kBT 0,3
Hanpsoxenue Ha sikope UH, B 220
HomunanbHbliil TOK sikops IH, A 1,95
VYroBasi CKOPOCTh Bajla HOMUHAJIbHAsI NH 00/MUH 750
Conportusiienue skopHoit nenu Rsn, Om 14,3
MoMeHT UHEePILIMH SIKOPS J, KI"M° 0,052
Yucno nosmocoB 2p 2

Kpome Toro, n3BecTHbI mapameTpbl TUPUCTOPHOTO ITpeoOpa3oBaTEs:
— TIOCTOsSIHHAs BpeMeHu npeodpaszosarens Tn=0,01 c;
—  BpeMs YHCTOIO 3ama3/bIBaHusl THPUCTOPHOTO IIpeoOpazoBaTes (ero
CUCTEMBI UMITYJILCHO-(a3oBoro ynpasienus) T = 0,0033 c.
[Ipu pacueTre mapamMeTpoB 3BEHBEB ABUTATEIIS OyIeM OKPYTIISAThH MOJTYyYSHHbIC
3HAUYCHUS:
Ts (mocTosiHHAs BpEeMEHU SIKOPHOU 11enH) OyIeM pacCUnThIBATH C TOYHOCTHIO JI0
OJTHOW COTOM J0JIA CEKYHJBI,
Tn ( MexaHWYecKasi TOCTOSTHHAs: BpPEMEHH JIBUTaTeIs ) — 10 OJHOM JAECATOMN JI0JIH
CEKYH/IBI,
Ks (ko3 urueHT Toka KOPOTKOTO 3aMBIKAHUSI SKOPHOH IIETH) — JIO IIEJI0T0

3HAYEHHUS.
Ti*-NH
WH = —= = 78,5 pan/c — HOMUHAIILHAS CKOPOCTH JIBUTATENS B Pajl/C;
Lsa 0,86 o
Ta = T Ta3 0,06 ¢ — mocTostHHAsE BpeMEHU SIKOPHOM IIEITH;
2 ,
0,6-UdaH 0,6:220
La = = = 0,86 'l — MHAYKTUBHOCTH OOMOTKH AKODS;
p-wH-I9H 1-78,5:1,95
Usa 220
Ka = = = 8 — k03 PULKEHT TOKA K.3. AKOPHOU LIETIH;
Ra-Ila  14,3-1,95 bun p HetH,
Pu 300 o
MH =—= e 3,8 H'M — HOMMHAJIbHBIM MOMEHT [IBUTATEIL;
wH ,
Uan—IgaHRsa 220—1,95-14,3
KOH = = - = 2,45-k0>(QPULHEHT MArHUTHOTO MOTOKA;
WH )
UdaH 220
WOH =~ = ~as = 89,8 pan/c — ckOpOCTH UIEANHLHOIO XOJIOCTOrO X014,
H ,
WOH 0,052-89,8
Tn = = a8 1,2 ¢ — MexaHuueckas OCTOSHHAS BPEMEHH
H )
JBUTATEIIA.
Jlucm
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2 CTPYKTYPHAS CXEMA JJIEKTPOIIPUBO/JIA
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Pucynox 1 — Cmpyxmypnas cxema noouunennoii CAY osueamens

31ech MPUBEICHBI CIEAYIONINE 3BEHBS:

PC — perynsarop ckopocTu;
PT — perynsarop Toka;
TII — TUpUCTOpPHBIN IPeoOpa3oBaTENb;
S — axopHas 1enb IBUTaTEeNs;
JIB — MexaHnueckas 4acThb JBUTaTeIIs;
A Taxke yKazaHbl CJIEIYIOIINE epeMEHHBIE:
Usx — BxonHoe Hanpspokenne CAY (HanpsbkeHUe 3a1aHusl CKOPOCTH);
Upc — HanpsbKeHHe Ha BBIXOJIE PETYIATOPa CKOPOCTH;
UpT — HanpsbKeHre Ha BBIXOJIE PETYyIATOpa TOKa,
En — 3/1C npeoOpazoBarens (BBIXOAHOE HAMIPSIKEHUE);
En — npotuo-3/IC nBurarens;
Is1 — ToK sIKOpS;
M — MOMEHT JIBUTATENS;
Mc — MOMEHT Harpys3Ku;
N — CKOPOCTh ABUTATENS.

CocraBnsiem CTaHAAPTHYIO CXEMY ITOJYUMHCHHOT'O PEryJIUMPOBAHMU ODJICKTPOIIPHUBOAA:
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3 Hacrpoiika KOHTYpa peryJiupoBaHusi TOKA

[To paccunMTaHHBIM TapaMeTpaM JBUTATENS COCTABISEM CTPYKTYPHYIO CXEMY
neurarens (Puc. 2).

8 1

1+ 0.06p | 1.2p

v

Pucynox 2 — Cmpykmypnas cxema AKOpHOU yenu 08ucameis

Janee nenaem ynpouieHue HCXOJHOW CTPYKTYPHOM CXEMBI, AJI 4ETO YIPOLIaeM
ee. YIIPOUICHHUE 3aKIF0YaeTCsl B TOM, YTO 3BEHO YMCTOTO 3al1a3/IbIBAHUS 3aMEHETCS

1
—-DT ~ o
WHEPIUOHHBIM 3BEHOM: € Pt ~ T+eg ' & THPHCTODHBIA npeoOpazoBaTeib Ha
U
CTpYKTypHOﬁ CXCMC IIPCACTABIIACTCA B BUAC IMOCIICAOBATCIIBHOTO COCAUMHCHUS ABYX
1 1
3BCHBLCB! *
1+tp 1+Tnp

[IpenBapuTeNbHYO HACTPOUKY AETIAKOT 110 YIPOILIEHHON CXEME:

PT TII ST
I
1+ T2p > 1 5 Ksa R
T1p (1 4+ 7p)(1 + Tup) 1+ Tap

Pucynox 3 — Vnpowennas cmpykmypuas cxema Koumypa pe2yiuposanus moka

[TpubamxeHHO mapamMeTphl PeryysiTopa TOKa BEIYUCIISIIOTCS 11O MPaBUITY
TEXHUYECKOTO ONTUMYyMa!
T2=Ts
Tpr = (2...4)(To+1) — mocTosiHHAs BpEMEHU KOHTYpa PEryJIMPOBaHUS TOKA.
Tl=Ka-Tpr Tpr=2-(Tun+7t)=2-(0,01+0,0033) =0,03

T2 0,06

T1=8-003=024 T2=Ta=006 k=—=—=0,25
T1 0,24

Jlucm
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4 HacTpoiika KOHTYpa peryJiupoBaHHsl CKOPOCTH.

[TapameTpsl peryisiTopa CKOPOCTH OMPENESIOTCS 10 YIPOIICHHON
CTPYKTYPHOM CXeMe M0 MPaBUITy CHMMETPUYHOTO onTuMyMa. [[i1s1 3Toro cHavana
YOPOUIAIOT CTPYKTYPHYIO CXEMY K CIEAYIOIIEMY BUTTY:

1+ T4p 1 g

A

T3p " (1+ T,p)(1+ Tup)(1 + tp) Tnp

Pucynox 4 — CmpykmypHas cxema KOHmypa pe2yaupo8anus CKopocmu

TpC =~ (2 4) (TpT +Ton+1 ) — BCIOMOTaTe/IbHAs MOCTOSIHHASL BPEMCHU
KOHTYpa peryJInupoOBaHus CKOPOCTH.

Tpc =(2...4)(0,03+0,01+0,0033) = 0,14 ¢
T,
KpC ~ T_sc - KO3 PUIIUEHT PeryysiTopa CKOPOCTU

1,2

KpC = m = 8,6
_ 1 _ wc _ 1 1 2 /
wcotp = T4 2.4 (2..4)Tpc OCONP= 514 = 4 Pac
T4=0,5c¢
T3 = — = 0,06 ¢
Kpc

v
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5 Hacrpoiika KOHTYpa peryJupoBaHusi TOKA ¢ MOMOIIbLIO POTrPaMMBbI
Vissim

Hcnonp3ys nporpammy Vissim, moaoupaem mapaMeTphl peryiisitopa Toka,
UCIIOJIb3YsI HCXOAHYIO CTPYKTYPHYIO CXEMY PEryJIMpOBaHUs TOKA.

v

—>< > T1p | @+1p)(1+Tup) [ 7| 1+Tap

Pucynox 5 — Cmpykmypnas cxema KonHmypa pe2yiupoeanus moka

JIJisi TIpOBEpKH YCTOMYMBOCTH CHUCTEMBbI (KOHTYypa pEryJIHpPOBaHUS TOKA)
BOCIOJIb3yeMcsi  kputepueMm  HaiikBucra —  moctpouMm — JorapudMuyuecKue
ammuutyaaeie (JIAUX) u  ¢dazoeie (JIOUX) XapakTepUCTUKH Pa30MKHYTOTO
KOHTYpa TOKa
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Pucynox 6 — JIAYX xonmypa pe2ynuposanus moka

Jlucm
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[To Puc. 6 onpenensiem 4acToTy cpe3a KOHTypa peryjJupoBaHusi TOKa — TOUKa
0
HIepeceueHus XapaKTePUCTUKHU ¢ 0chio X (Ha ypoBHE paBHOM 107).

Yacrota cpe3a ocp= 96 pan/c.

[To JI®YX (Puc. 7) onpenensem 3anac 1o ¢paze Ap=42°

Phase, (Deg)
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Pucynok 1 — JIOYX konmypa pezynuposarus moxa

Jlanee cTpouM MepexoIHbIN MpoIece KOHTypa perynupoBanus Toka (Puc. 8) u
OMpeIeIIIeM €ro MOKa3aTeau KauecTBa:

1
2

~N o o1 b~ W

hmax—hyct

—A10
— c=41%

IIepeperynupoBanue o =

Bpemst makcumyma — Bpemsi, korja GyHKIUS JOCTUTaeT MaKCUMaIbHOTO

3HaueHusa tmax=0,1 c

Bpems nepexoaHoro mnpoiiecca trep.np.=2c
VYcranoBuBieecs 3Hauenne Hycr=1

Yucno konedbanuii — 2

ITepuon xonebanuit T=0,2

Ommbka B ctatuke Ac=1 — Hyct=0

U3sm.
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Pucynox 8 — Ilepexoonulii npoyecc 8 konmype pe2yiupoeanus moxka
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6 Hacrtpoiika KOHTYpa peryJMpoBaHMs CKOPOCTH € MOMOIIbIO MPOTrPaMMBbI
Vissim.
C nomorero porpaMmMbl VisSim , mooupaeM mapameTpsbl peryyistopa CKOpoCTH,
HCNOJIB3YS UCXOJHYIO CTPYKTYPHYIO CXEMY KOHTYpa PETyJIUupOBaHUs CKOPOCTH.
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Pucynox 9 — JIAYX xoumypa pe2yruposanusi CKOpocmu

ITo Puc. 9 onpenernsieM 4acToTy cpe3a KOHTypa PEryJIMpOBaHUs CKOPOCTH

ocp= 0,8 pan/c.
ITo Puc. 10 (JI®UX) onpenensiem 3anac o ¢aze Ag=90°

Jlucm
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Pucynox 10 — JIOYX xoumypa pe2yiuposanusi CKOpocmu

Jlamee cTpoMM TIEpeXOJHBIA mporecc B KoHType ckopoctr (Puc. 11) wu

OIIPpCACIIACM CI'0 ITIOKA3aTCIIM Ka4CCTBA
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Pucynok 11 — [lepexoonwiii npoyecc Konmypa pe2yiuposanusi CKOpOCmu

U3sm.
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[Tokazarenu kadyecTBa nepexoaHoro npoiecca KPC:

hmax—hycr

_ —200
1. TlepeperynupoBanue 0 = hyer 0=30%

Bpems makcuMyma — BpeMsl, Korja GyHKIUS JOCTHTaeT MaKCHMaJIBHOTO
3HauyeHusa tmax=0,4 c

no

Bpewms nepexonnoro npornecca tnep.np.=2,5¢
YcranoBusiueecs 3HaueHne Hycr=1
Yucno konebanuit — 1

o 0k w

Ommbka B ctatuke Ac=1 — Hyct=0
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7 MHccnenoBaHue nepexoaHoOro mpoiecca Habpoca Harpy3Ku

B nporpamme Vissim cocTtaBiisieM HCXOIHYIO CTPYKTYPHYIO CXEMY 3JIEKTPOIPUB
(Puc. 12).

0.003

oza

+
0.55+1 006541 1

o1 _i:@* +
0 1
0.065+0 0.245+0 &5 Highryeip

X 0.065+1 1

X

Pucynok 12 — Ucxoonas cmpykmypHas cxema 21eKmponpusooa

3areM mojiaeM Ha BXOJ CHUCTEMBI €JMHUYHOE BO3/ICHCTBYE U HAOIIOAaeM 3a
nepexoaHbIM mporieccoM mycka. [Tocie Toro, kKak OH 3aKOHYHUTCS 1 CHCTEMa
JIOCTUTHET YCTAHOBHBIIIETOCS 3HaUEHUS (CKOPOCTU XOJIOCTOTO X0/1a), TI0/IaeM
CKauoK (HabpoC) MOMEHTA CTaTUYECKON HArpy3KH U HaOJII0JaeM 32 BTOPBIM
NEPEXOIHBIM MPOLIECCOM.

[TpoBens ananm3 060UX IMPOIIECCCOB, 3aMMChIBAEM B TAOJIHUITY TTOKAa3aTeIN
Ka4yecTna.
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Plot

o1
a A 1 1.5 2 25 3 3.4 4 4.5 ]
Time (sec)

Pucynox 12 — Ilepexoousiii npoyecc nycka u Habpoca Hazpy3sKu

Ta6numa 2 — [Tokasarenu kadecTBa MpH MyCcKe U HAOpOCce Harpy3Ku

HN3meHeHue o =20% thepnp.=1,5¢C Hy=1 Ac=0
CKOPOCTH TIPH
yCKe

W3menenue o =0% thep.p.=1,9¢C Hye,=1 Ac=0
CKOPOCTH TIPH
Habpoce
Harpy3Ku

N3MmeneHue o =0% trep.np.=2,25¢C Hy=0 Ac=1
TOKa TIPH
MyCKe

HN3meHeHue o =20% thep.np.=1,4¢ Hy.=1 Ac=0
TOKa IMpH
Habpoce

Harpy3Ku

Jlucm
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8 MexaHuvecKkHe XapaKTePUCTHKH IBUTraTe s

n

No

\1

M

v

Mmax

Pucynok 13 — Mexanuueckue xapakxmepucmuxu

1. Mexanudeckasi XapaKTepUCTUKA IBUTATEIS ISl PA3OMKHYTON CUCTEMBI
2. Mexanudeckas XapakTEpPUCTHKA ABUTATEIS JJIsl 3aMKHYTON CUCTEMBI.

B pa3soMKHyYTBIX cHCTEMAX TOYHOCTH U JMANA30H PETYJIUPOBAHUS CKOPOCTH HE
BBICOKHE, B 3aMKHYTBIX CHCTEMax 3TOT HEIAOCTAaTOK YyCTpaHsercs. B 3aMkHyTOU
CHUCTEME aBTOMAaTUUYECKU KOMIIEHCUPYETCSl BO3JEHCTBUE BO3MYIIAOITUX (haKTOPOB, U

yrioBasg CKOpPOCTb HJIM MOMCHT [ABUTraTCii MOI'YT C OOJBIION TOYHOCTBIO

MO/ICP>)KUBATHCSA Ha TpeOyEMOM ypOBHE.
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3AK/IIOYEHUE

B nmanHOM KypcoBoil paboTe ¢ MOMOIIBIO JIOTApU(PMHUUECKUX aMIUIMTYIHO-
YaCTOTHBIX U (pa30BO-YACTOTHBIX XAPAKTEPUCTUK Mbl OINPEACIIUIN, YTO CHUCTEMA
UMeeT JOCTAaTOYHbIM 3amac mo ¢ase. YacrtoTa cpe3a KOHTypa TOKa OoJible, YyeM
yacToTa cpe3a KOHTypa ckopocTu. IlepexoiHblii mpoliecc CKOpPOCTH HMEET
HEOOJBIIOE TEPEPeryIupoBaHue, IpHU HaOpoce Harpy3ku BOCCTaHOBJICHHUE
npoucxoaut 3a 1,5 c. [lepeperynupoBanre NepexoaHOro MpoLecca TOKAa COCTABIIAET
20%, mpu Habpoce Harpy3KH BOCCTAHOBIICHUE U MEPEPETyITUPOBAHUE HEBEIUKH.

MeTtoa TEXHUYECKOTO ONTHMYMa IO3BOJISIET NMPOU3BECTU TOYHYIO HACTPOUKY
AJIEKTPOIIPUBOA C 3aJaHHBIMM TMapaMeTpaMy, IMpUYeM 3amackl 1o ¢asze u
XapaKTEPUCTHUKH MEPEXOJHBIX MPOLECCOB COOTBETCTBYIOT KPUTEPHUSAM YCTOWUNBOCTH.

Jlucm
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