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PErYNnATOP TOKA C LULW®POBbLIM YINPABJIEHUEM

.N. Bonoeu4, B.A. 5lkoenes

[IpoBeneH CHHTE3 peryssiTopa Toka ¢ MUGPOBBIM YIIPABICHUEM MO KPUTEPUIO KOHSUYHOTO BPEMEHH Iepe-
XOJIHOTO MPOIIECCa M HYJIEBOW CTAaTHYCCKOM OMIMOKH. PerysTop paboTaeT Ha aKTHBHO-MHIYKTUBHYIO HArpys3-
Ky. CHHTE3 peryssiTopa OCyIIeCTBICH Ha OCHOBE JIMHEWHOTO IPUOIMKCHUS 00bEKTa PETyIHPOBAHIS C HCIIONb-
30BaHKEeM z-TipeobpazoBanus. OnpeaeseHbl 3anachl YyCTOWYMBOCTH CHHTE3UPOBAHHON CHCTEMBI TI0 M3MEHCHHUIO
ko3 dunuenta ycunenus u o (dasze. st ONEHKH KOPPEKTHOCTH MONYIEHHBIX PE3yIbTaTOB MPOBEICHO MOJIe-
JTHUPOBAHKE MOIYYCHHOTO HMU(PPOBOrO PEryIATOpa TOKA B makeTe VisSim ¢ y4eToM HeTMHEHHOCTH THIA «Orpa-
HU4YeHHE». MOIETMPOBaHUE TOKA3aII0, YTO [IPU MAJBIX BO3MYIICHUSX IEPEXOIHBIN MPOIECC B COOTBETCTBUH C
AHAMTHYECKUMHE Pe3yJIbTaTAMHU 3aBEPIIACTCS 33 OJUH MEPUOA TucKpeTHOCTH. OHAKO GOJbIINE BO3MYIICHHS
COIPOBOXKIAIOTCS JTUTEIBHBIME MEPEXOAHBIMH MPOIECCaMU, O0YCIOBICHHBIMU TEM, YTO OIEpAIUs HHTETPH-
pOBaHHs, KOTOPasi BXOJHUT B BBIYHCIUTEIBHBIN aITOPUTM KOPPEKTHPYIOIIETO (GHUIbTPA, HAKAIUINBACT B TCUCHUH
JUTUTETIBHOTO BPEMEHHU OINUOKY, JOCTHUTAOIIYI0 OUCHb OOJIBIION BEIMYHMHBL [Ipy BOCCTAHOBICHUH JIMHCHHOTO
pexHuMa Ha Iepexoj MHTerpaTopa B COCTOSIHHE, COOTBETCTBYIOLIEE 3TOMY PEKUMY, TPEOYESTCsl 3HaUNTENbHOE
BpeMs. [IpeyiokeH alropuT™ YIpaBJICHHs, BKIFOYAIOIINI MPOrpaMMHOE OTPaHUYCHHE MAaKCHMATbHOTO 3HAYe-
HUsI OMIMOKK PETyIUPOBaHUS, 00ECIIEUNBAOIINI OKOHYAHHE MIEPEXOIHOTO MPOoIecca MPH JOCTHIKEHUH 3a1aH-
HOT'O 3HAYEHHUS TOKA 33 OJMH TaKT M IPH OONBIINX TOKAX.

Knrouesvie crosa: pezynissmop moka, yugpogoe ynpasnenue, nepexoonsie npoyeccoi.

BBenenue

Perysstopbl TOKa NpeaHa3HaueHBI UIsd obOecrie-
YCHUSI HATPY3KH TOKOM, KOTODPBIH HE 3aBUCHT OT BbI-
XOJHOTO HAMPSKCHUS HMCTOYHHKA U PETYIHPYETCs
TOJIFKO YIPABJIAIONINM CUTHAIOM. Takue peryisaropsl
MPUMEHSIOTCS B U3MEPHUTENBHBIX CXeMaX, HampuMmep,
IpU W3MEPEHUH COIPOTHBIICHUS, IS YHpPABICHUS
MOMEHTHBIMH 3JICKTPOJBUTATEIIMHU, COJICHOUIAMH U
np. Ilockompky B Hacrosmiee BpeMs OOJBIIMHCTBO
ANEKTPOHHBIX YCTPOUCTB COACPIKAT MHUKPOKOHTPOJI-
nepsl (MK), a moorue MK, naxe Hemoporue, BKIIO-
YaloT aHaJIoro-IU(POBLIE U NU(PO-aHATOTOBBIE Tpe-
obpazoBatenmu (cootBercTBeHHO, ALl m I[AII), TO
CTAaHOBHUTCS II€JICCOO0Pa3HBIM YIIPABICHHUE PErYJIATO-
pom Toka ot MK.

IIpu MPOEKTHPOBAHUHU PEryyIATOpa TOKa C IUp-
POBBEIMH OOpaTHBIMU CBS3SIMH HEOOXOAMMO obecre-
YUTh HAJJIC)KAIINE Kau4eCTBO PETyIHPOBAHUS W 3ala-
CHI YCTOHYHBOCTH, B TOM YHUCIIC U B YCIOBHSX OOJb-
LIMX BO3MYILIECHHUH.

Peryasrop Toka

brok-cxema perynaropa Toka mpejacTaBieHa Ha
puc. 1. 3neck 0603HaueHO: MK — MUKPOKOHTpOJLIED,
IIAII — mudpo-aHamorosslii mpeodpaszosareinn, AL —
aHaJIoro-1U(ppoBoi npeobpazoBatenb, YM — ycuiu-
TeIb MOIIHOCTH, B Ka4yeCTBE KOTOPOTO B Cllyyae O/I-
HOHATPaBJICHHOTO BBIXOJHOTO TOKa MOXET OBITh
MPUMEHEH SMHUTTCPHBI WM HCTOKOBBIA ITOBTOPH-
tenb, AT — nmaTtumk Toka, R, L — COOTBETCTBEHHO, CO-
MIPOTHUBIICHUE U HHAYKTUBHOCTH HAIPY3KH.

[Iporeccr! B Harpy3Ke OMUCHIBAIOTCS YpaBHCHHACM

L%ﬁLi(t)R =u(t). (1)
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Puc. 1

CTpyKTypHasi cxeMa CHCTeMBI IpHBEAcHa Ha
puc. 2. 3neck 0603Ha4eHO: 1 — UMITYJIBCHBIE AJIEMEH-
THI C TieproioM auckperuzauuu T; Kc — kodhdunnent
nepenayd JaTyuKa TOka; T = L/R — mocTosiHHAs Bpe-
MEHHM LIEIH Harpy3Ku; OJI0K ¢ meperaToqHoi (yHKIU-
eit (1 e )/ ST — SKCTPANOJIATOP HYJICBOTO TOPSIIKA,
otobpaxaromuii LIAIl, xoTopsii hukcupyer Ha mpo-
TSOUKEHHUH BBIYHMCIMTENBHOTO ITUKJIA MHUKPOKOHTPOJIIE-
pa T aHanoroBbIi BBIXOJHOW CHUTHAI, W*Kq,(z) — Juc-
KpeTHasl IeperaTovHast (GpyHKIHS KOPPEKTHPYIOIIEro
¢unbTpa, peanuzyemas MpOrpaMMon MK;
I, — DTaIOHHBIH (3aTaHHBIH) TOK.
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CHHTe3 KOppEeKTHPYIoLIero GpuIbTpa
Haiinem z-npeoOpa3oBaHue HEMPEPBIBHOW YaCTH
cuctembl. CornmacHo [l], muckpeTHas mnepenaToyHas
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(YHKIMS HEMPEPBIBHOTO 00BEKTA C AKCTPANIOIATOPOM
HYJIEBOT'O HOpSIKa
W*(Z):z—IZ{W(s)}:K_Cl—d, @)
z s R z-d
rane W(s)=Kc/R(1+st) — mnepenarounas GyHKIUS
HETIPEPHIBHOM YacTU CHCTEMSBI, d = e -

Jlist Toro 4To0Bl 0OECHEYNTh HYJIEBYIO CTAaTHUE-
CKYIO OIIMOKY M KOHEYHOE BpEeMs IEPEXOAHBIX IPO-
meccoB, Tpedyetcs [1], yToOBI mepexaToyHas (yHK-
L[1SI CUCTEMBbI B 3aMKHYTOM COCTOSIHUH

@' (2= P E 3)
L+ W ()W, (2)

Ki

OTKyZAa JAMCKpETHAas mepenaTodHas QYHKIHS KOPPEK-
TUPYIOIIETO PIIBTPa ¢ yaeToM (2)
R z—d
Ke (1=d)z-1)
Omnpenenum 3anac yCTOHYMBOCTH 10 K03 huim-
eHTy yCWIIeHHsl KoppeKTupytolero ¢punbrpa. [lycts
R z—d
— )
Ko (1-d)(z-1)
XapakTepucTHYeCKOe YpPaBHEHHE CHCTEMBbI C
yaeToM (5)

Wy (2) = )

Wey(2) =4

x * A
w (Z)WK¢(Z)+1=—1+1=O. (6)
z—
VYcaoBue ycTOHYMBOCTH
2| <1, (7)
OTKyZa ¢ yaeToM (6) ciemyer:
0<4<2. ®)

CpasuauBas (4) u (5), yoexxmaeMcs, 4To 3amac yCcTon-
YUBOCTH 110 YCHJICGHHIO paBeH 6 1b, 4TO BIIOJIHE JOC-
TaTOYHO.

3amac ycToH4YMBOCTH 1O (haze HalaeM, aHAJIU3U-
pyq 4acTOTHYIO0 XapakTepuUcTHKy (UX) pa3oMKHyTOH
cucteMsl npu z = exp(—jo7):

1
* . k3 . * .

Woas (Jjo)y=w (](D)de) (jo) = m- ©)
Mogayne UX npu yacToTe, paBHOI 4acToTe cpesa, pa-
BCH CIVMHHUIIC:

1
S 10
g (10)
r b d 77777777777777777777
W [

OTKyJa
0, = T/T. (11)

* . 1 2 °
arg Wpa3(]mcp) = argm = _? =-120°. (12)

Takum 00pa3oM, 3amac yCTOWYHMBOCTH 1O (ase
cocrasisieT 60°, UTo TaKKe JOCTATOYHO.

BiansiHue HeJIMHEITHOCTH

IIpuBeneHHBIE BBINIE PE3yNbTAaThl CIPABEUINBEI
JUIS PEKUMOB MaJbIX BO3MYIIEHHH, MPHU KOTOPBIX
pEeTyasATOp TOKa BeAeT ceds Kak JMHEHHas CHCTeMa.
B ciryuae ke ri1y0oKuX BO3MYIIEHHUI, HAIpHIMEp, TIpH
IIyCKe, MPOSIBIISIFOTCS HEJIMHENHbIE CBOMCTBA PETYJIsl-
TOpa TOKa, 00YCIIOBICHHBIE OTPAaHUYCHUEM BBIXOIHO-
rO HamNpsDKEHUS YCWIMTENS MOIIHOCTH. I OLEHKU
BIMSIHHSL 3THX BO3MYIIEHUI NPOBENEM MOAEIHPOBA-
HUe cucTeMbl B nakere VisSim. Cxema monenupoBa-
HUS TpHBEIcHa Ha puc. 3. 3mech obo3HaveHo: HD —
HEJIMHEHBIM 2J€MEHT, OrpaHMYUBAIOIIUN BBIXOJHOE
HalnpspKeHHEe KOppeKTHpYIomero GuisTpa npeaesamu
0 < u(t) < Uy. Mogens Harpy3Kkd, COOTBETCTBYIOIIAS
ypaBHeHHIO (1), HAXOMUTCS B MPaBOi YacTH pHC. 3 U
IpeacTaBieHa O1okaMu MacimTabupoBanus 1/L u R, a
TaKXKe UHTETPaTOPOM U CyMMAaTOPOM.

PaccmoTpuM mpuMep MOIENHPOBAHHS CHCTEMBI C
napamerpamu: L = 0,1 T'n, R = 0,2 Om, Kc = 0,05 Om,
Uy =15 B, T = 0,0002 c. Ha puc. 4 npexncraBneHsl
rpaduKki M3MEHEHHS TOKAa M HANpPsDKEHHS IIPU ITyCKe
perynstopa Toka ¢ [, = 0,2 A. B nauane mponecca
omuOKa peryJrpoBaHMs € OYEHb BEIHKA, MOITOMY
HanpsbKeHUe Ha BbeIxoJle YM makcumanbHo. Cucrema
pazoMmkHyTa. Ilpu nepexone B TMHEHHBINA PEXXUM CHUC-
TeMa 3aMBIKAaeTCs M IEPEXOIHBIN MpoIlecC 3aKaHIMBa-
eTcs 3a OOMH TakT 7, T. €. CHUCTeMa SIBIISETCS ONTH-
MaJIbHOHM 1O OBICTPO/ICHCTBUIO B Kilacce LU(POBBIX
CUCTEM C NIEPUOJOM JUCKpeTH3auuu 7.

Ha puc. 5, a npuBeneH rpaduk U3MEHEHHsT TOKa
IIpH IycKe perymusropa Toka ¢ [, = 10 A. 3geck nocne
HapacTaHUs TOKa A0 3aJaHHOTO 3HAYEHHs BO3HHMKAET
JUINTEIBHBIH TIEPEXOAHBIN IIpoliecc, 00yCIOBICHHBIN
T€M, 4TO ONepalys HHTETPUPOBAHUS, KOTOPAsk BXOAUT
B QJITOPUTM KOPPEKTHPYIOIIETro (GMIIbTpa, HAKaIIBa-
€T B TE€YEHHE IJTUTEIHFHOIO BPEMEHH OIIMOKY €, J0C-
TUTAIOIIYI0 O4YeHb OonbmIoi BenuuuHel. [Ipu BoccTa-
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Pez2ynsimop moka ¢ yugposnbiM ynpaesieHuem

Bonosuy I'.U., Sikoenee B.A.
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HOBJICHHY JIMHEHHOTO pEe)KUMa Ha TEpeXoj WHTErpa-
TOpa B COCTOSTHHE, COOTBETCTBYIOIIEE 3TOMY PEIKUMY,
TpeOyeTcsi 3HAUUTENbHOE BPEMSI.

OpHUM U3 MyTeil yCTpaHEHHsI 3TOTO JOTOJHH-
TEJIBHOTO TEPEXOJHOT0 MpoIecca MOXET OBITh Ipo-
rpaMMHOE OTPaHHYCHHE MAaKCHMaJbHOTO 3HAYCHUS
OINOKY € BETMYUHOH, PaBHOI

Ke(1-d)

ey =Uy ——— (13)

Ha puc. 5, 6 noka3aHo, 4T0 BBECHHE OIPAHHMYCHHS Ha
CUTHAJ OINHMOKH, BBIYHCICHHOTO 1Mo Qopmyre (13),
obecrieunBaeT OKOHYAaHHE MEPEeXOJHOro Iporecca
NpU AOCTH)KEHUU 33JaHHOTO 3HAYCHUS TOKa 32 OAMH
TaKT U PH OOJIBIINX TOKaX.
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DIGITAL-CONTROL CURRENT REGULATOR
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We performed synthesis of digital-control current regulator using criterion of transient end-time and zero
statistic error. Regulator works for active-inductive error. Synthesis of regulator is based on linear approxima-
tion of regulation object with applied z-transformation. We found margin stability of synthesized system by
change of amplification coefficient and in phase. To evaluate accuracy of obtained results we modeled digital
current regulator in software suite VisSim considering non-linearity such as “constraint”. Modeling revealed
that at small perturbations transient process in accordance with analytical results ends within one sampling pe-
riod. However grand disturbances are accompanied with long-term transient processes determined by the fact
that integration operation included in correction filter computational algorithm continuously accumulates error
that attains immense value. At restoration of linear mode, integrator transition to the state corresponding to this
mode requires significant amount of time. We offer control algorithm including software constraint of control
error maximum value, providing transient process end if target current value is achieved for one stroke and at

heavy currents.

Keywords: current regulator, digital control, transient processes.
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