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Peghepam—Yy craTTi nmpeacTaBiieHO 0CO0JMBOCTI KoMIleHcanii HesliHiliHOCTel B eJIeKTPMYHOMY IPHUBOAL, NOB'sA3aHi
3 HOrPilIHOCTAMM CHCTeMHU MeXaHiYHOI nepejayi. Bixsnaueno, o 0HO0 3 HANOIIMPEHIINKX onepaniii Cy4acHUX TEXHO-
JIOTiYHHUX npoueciB € no3uniroBanHs. /liis 3a0e3neyeHHs GpyHKIiOHYyBaHHS MeXaHi3MiB, 10 MiCTATHL 0JIOKH IO3ULIIOBAHHS,
HeoOXiZIHO 320e3MeYUTH BHCOKY INBUAKOAIIO ii TOYHICTh NepeMilleHHsI po0o4oro oprany. 3a3HauyeHo, 0 e(hpeKTUBHUMHU
€ po3po0dKa Ta CHHTe3 MO3ULIHHUX CHCTeM eJ1eKTPONPHBOAY 3 KOMIeHCAliiiHUM NPHHIMIIOM KepyBaHHsl. Takuii npuHIMI
KepyBaHHS A2€ MOKJIMBICTh MiIBUIIMTH IBHAKOAII0 NPY He3MiHHIH cTPYKTYpi cucTeMH i 3agaHiii ToUHOCTI BilnpanboBy-
BaHHA NepeMileHHs. Bii3HaueHo BIUIMB HeJliHiiiHOCTel HA TOYHICTD i TMHAMIYHI XapaKTepUCTUKH HU(POBUX CHCTEM eJie-
KTponpusoay. Po3risinyTo cneuugiky HesiHiiiHOCTel B eJ1eKTPUYHOMY NMPHUBOAI, IO MOB'S3aHi 3 MOXHOKAMHM CHCTEMH
MexaHiyHOI nepeaadi. Tako:k y ¢TaTTi NpeaCTaBJICHO CTPYKTYPY HO3HLIIHOIO €JIeKTPONPHBOAY 3 KOPEKLi€I0 HeliHiliHoCTI
MeXaHiYyHOI mepeaadi, Ta 3alPONIOHOBAHO HAa NPHUKJIAAI NPEACTABJICHOI CTPYKTYPH NPHHUMII KOMIeHcauii 3a3opis, 10
BUKJIMKAHI JIO()TAaMH B MeXaHIYHMX Nepefadyax, Po3riIsiHyTO MOKJIMBOCTI kommeHcanii aii cui teprsa. Po3podieno anro-
PUTM KoMIeHcalil Ail cHJI TepTA y MeXaHIiYHUX NepeJaydax ejleKTponpusony. Binznayeno, o 3anponoHoBaHuii aJIrOpUTM
J03B0JISI€ MPOIPAMHAMH 32C00aMH KOMIIEHCYBATH KiHEeMaTH4YHI MOrpillIHOCTI cCMCTeMH MeXaHiYHOI mepenadyi, 0 BHKJIH-
KaHi Npy>KHUM edopMyBaHHAM ii YACTHH.

bioa. 11, puc. 2.

Kniouogi cnosa — enexmpuyunuii npueoo; HeniniiiHocmi; 3a3op; cunu mepms; Kepyeanns.

CHCTEM € MPOCTOTA HACTPOIOBAHHS IApaMETPIB peryJis-

I Bervi TOPIB, SIK B @aHAJIOTOBOMY, TaK 1 B IU(PPOBOMY BUKOHAHHI.

OpHi€r0 3 HAWNOMIMPEHIIIUX OMepariil Cy4acHUX
TEXHOJIOTIYHUX IpoleciB € no3unitoBaHusa. Cepen cuc-
TeM MO3ULIOBAHHSA IIMPOKE 3aCTOCYBAHHS 3HAXOMAATH
eNeKTpoMexaHiyHi cucreMd. CHCTEMH MO3MI[IFOBaHHS
3aCTOCOBYIOTHCS B METANOPi3aIbHUX BepcTarax, MaHiImy-
JSATOpaX, IPHIaaaXx i arapaTax TOYHOI MEXaHIKH, a TAKOXK
y BUMIPIOBATBHUX NPHCTPOsiX. s 3abe3neueHHs QyHK-
I[IOHYBaHHA TAKUX MEXaHi3MiB HEOOXi/THA BICOKA IIBU-
KOst ¥ TOYHICTH TepeMilieHHss pobodoro oprany [1].
[Tpy oMY 3aNMIIAETHCSA aKTYAJIBHUM 3aBIAHHS IOJIII-
IIEHHS MOKA3HHUKIB SIKOCTI YIPaBIiHHS E€JIEKTPOIPUBO-
JOM (LIBHAKOMiS, TOYHICTh, BEIMYMHA IEpeperyJiro-
Banus) [2]. KepyBaHHSI eleKTpOMEXaHIYHUMH CHCTE-
MaMH TMO3HUIIIOBAHHS YacTO 3/IHCHIOEThCS 3a MPHUHIH-
noMm mijnernoro perymoants [3]. TlepeBaroro Takux

Jlo HemoJikiB CIiJ BiZHECTH HEOOXIIHICTH MiACTPOIO-
BaHHS [TApaMETPiB PETYIATOPIB IPH 3MiHI XapaKTepuc-
THK 00'ekta perymoBanHs [4]. JIis momonaHHsS Takux
YCKJIQJIHEHh MOXKHa BHUKOPHCTOBYBAaTH KOMOIHOBaHi
METOJU KepyBaHHS, a00 CUCTEMH 31 3MIHHOIO CTPYKTY-
poto.

SIK MOKa3yr0Th pe3yIbTaTh JOCHTIKEHb, €(EeKTHBHIM
MiAXOIOM y LBOMY HAaNpSAMKY BHUIJIIIAE PO3poOKa Ta
CHHTE3 MO3ULIHHNAX CHUCTEM eNIEKTPONPUBOAY 3 KOMIICH-
caliiHUM TIPUHIMIIOM KEpyBaHHs, W10 3abe3nedye
B 3aMKHEHIl cHcTeMi HEOOXimHi MOKasHMKH SKOCTI [5],
[6]. OcobnuBicTh TaKOi CTPYKTYPH CHCTEMH EIICKTPOTIPH-
BOJy 3 HIJUICIJIMM PETYJIIOBaHHIM KOOpPJHMHAT HOJIATae
B JIOTIOBHEHHI KOHTYpPY KepyBaHHS OJIOKOM HeJiHiHHOI
nporpamMHoi kopekuii. Takuii nNpuHIMI KepyBaHHS Jae
MOJKJIMBICTh MIABUIIUTH IIBHAKOMIIO TIPH HE3MiHHIH
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EnexTpoHHI cucTeMU Ta CUTHAIIN

CTPYKTYpl CHUCTEMH Ta 3aJaHiil TOYHOCTI BiIpaIbOBY-
BaHHs nepeminieHHs [7], [8]. BopoBamkenHs mo3umiii-
HUX CHCTEM 3 IPOTPAMHOI0 KOPEKI€I0 HEeTiHIHHOCTI
JO3BOJIUTH PO3LIMPUTH MOXKIMBOCTI €JIEKTPOIPHUBOLY Ta
3aCTOCOBYBATH iX Y pi3HUX BHPOOHHYNX MeXaHi3Max.

Memoro pobomu € po3poOka adropuTMy KepyBaHHS
SJICKTPUYHMM MO3ULIHHUM INPUBOJOM IPHU HAasIBHOCTI
30ypeHs 3 00Ky BUKOHABYMX OPraHiB BHPOOHHMYUX MeXa-
HI3MIB Y BUIIISA/I 3230PiB Ta Jii CHJI TEPTS B MEXaHIYHUX
nepenavax.

Il.  MATEPIAJI TA PE3VJIbTATH TOCJIDKEHD

HemniniitHoCTi, 1110 BIUIMBAXOTh HA TOYHICTH 1 JAHAMI-
YHI XapaKTEPUCTHKH LU(PPOBHUX CHCTEM EJIEKTPOIPH-
BOJLy, HOTpeOYIOTh X BpaxyBaHHs. Mo)XHa BUIUINTH TaKi
3 HHX, [0 € HAHBIUTMBOBILIMMH (haKTOPaMH:

e HENHIHHOCTI BUKOHAaBYMX OpraHiB  poOOYMX
MeXaHi3MiB, [0 00YMOBJICHI HasIBHICTIO 3a30piB Ta
TIETO CHJI TEPTH,

®  HENIHIHHOCTI CHCTEMH KEPYBaHHS MPOICCaMHU
B CNCKTPONPHUBOL, MO TMOB'A3aHi 3 Mpollecamu
MEPETBOPEHHS EJIEKTPUYHOI €HEeprii, 3aJIeKHICTIO
BiJI CTPYMY SIKOPSi MOMEHTY JBUTYHA (1151 IBUTYHIB
MOCTIHHOTO CTPyMy) Ta MArHiTHOIO MOTOKY (st
JIBUTYHIB MTOCIIiIOBHOTO 30y KEHHS);

e HemiHIHHOCTI, IO TOB'S3aHi i3 HOHU(POBUM
npeacTaBileHHSAM iHQopManii, sKi BHKIMKaHI
HasBHICTIO KBAaHTYBAaHHS 3a piBHEM aHAJOTOBO-
UQPPOBOTO Ta MUPPO-aHATOTOBOTO ITEPETBOPECHHS

(9], [10].

Cri 3a3HAYUTH, [0 BUKOPUCTAHHS MIKPOIIPOIIECOP-
HUX CHCTEM HaJa€ OUTBIN MOKIUBOCTI VIS IIPOTPaMHOI
KOMITeHcallii BIUIMBY Oaratbox (opMm HEiHIHHOCTI Ha

Po3risiHeMO CTPYKTYpy MO3MLIHHOTO €JIeKTPONpH-
Boxy [11]. Ll cTpykTypa JOmOBHEHA GJIOKOM KOPEKIIii
3a3opy bK3 i npexncrasiena Ha puc. 1. CuitoBa yacTiHa
€JIEKTPONIPUBOY MICTHThH II€PETBOPIOBAY EJICKTPUYHOI
eneprii I1 3 Hanpyroro Ha Buxoxi U Ta ABUTyH mocTii-
HOTrO cTpyMy I 3 MOMeHTOM iHepwii J Ta KoedimieHToM
MOTOKY KD.

YacTrHa cHCTEMHU KEPYBaHHS €JIEKTPOIIPUBOLY BUKO-
HaHa 32 CXEMOI0 IIJUIErTIOro peryJroBaHHS KOOpAMHAT.
Bona mictuts y co0i BHYTpIlIHIN KOHTYp pETryIIOBaHHS
MIBUAKOCTI (0, a TAKOXX KOHTYp PETYIIOBAHHS KOOPIH-
HATH MIEPEMIIIICHHS ¢ BUKOHABYOT'O OpraHy 00'eKTa Kepy-
BaHHJ 3 IMITYJIbCHUM TiepeTBoproBadeM nosoxxenns 11111
Ta CUTHAJIOM 3BOpOTHOTrO 3B 513Ky N,. B sikocTi peryis-
TOpa MOJIOXKEHHS 00paHo IponopuiifHmiA perymsatop PII.
PerynsaTop IMBHAKOCTI CKJIQNAETHCS 3 IPOMOPLIHHOL
PIIIT Ta inrerpamsHoi PIII wactun. MikponponecopHa
cucrema kepyBanHs MII 3a curnaizamu Sp+Ssz dopmye
CHUTHAJI KoMIeHcarii VK.

Jnst 30epesxeHHst He0OXiHOT NIBUAKOAIT IPH BiJmpa-
LbOBYBaHHI OaxkaHoro mnepemiiieHHst Nsz,o Ta npu HasB-
HOCTI (akTopiB, M0 30ypIOIOTh, 3 OOKYy BHKOHABYOTO
MeXaHi3My, Taka CTPYKTypa M03BOJSIE KOMIIEHCYBaTh
IO TIUX (paKTOPIB.

Tak, mpu HEOOXiIHOCTI BpaxoBYBaTH HasBHICTh
3a30py, BK3, 1m0 BUKOHAaHO y BHTIISAAI PENCHHOTO pery-
JSITOpa, 3I1MCHIOE KOPEKIIo 3aBAaHHS N3,

[MpuHIMD KOMNeHcanii 3a30py MOJSATaE B TOMY, IO
3a30p IONepeHb0 BUMIipsiHuH Ta opiBHIOE N, .

Toni mpuHIMII KOMMCHCAIil, mo OyJe MOKIaIeHO
y TporpaMHy 4YacTHHY peaii3alii aJrOpuTMy poOOTH
MIKpOIIPOIIECOPHOT CHUCTEMH KEpyBaHHS, Ma€ BiAIOBi-
Jat cuctemi piBusHb [11]:

;chCHi TIOKa3HHKH. HepeBar{:l MiKp.OHp.(.).IlfCOpiB. nonsrae N,p=N,po+N, N, >0
y X mopiBHAIBHIM NpocTOTI peanizauii i crabimbHOCTI, ,
110 J103BOJISI€ BIPOBA/DKYBATH CHCTEMH, IO KOMIICHCY- N,p=N,po -N, N, =<0
0T HEIHIMHOCTL. ne N, — 3aBIaHHs 1O DIBHKOCTI.
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Puc. 1 CtpykTypHa cxema MO3ULiHOrO eIEKTPONPHBOY 3 KOPEKLIEI0 HeMHIHOCTI MeXaHiYHOI epeaayi
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Tenep, Ha npUKIaIi NPEACTaBICHOI CTPYKTYpH, PO3-
TJITHEMO, SIKUM YMHOM MOXXHAa KOMIICHCYBaTH JIiI0 CHII
TepTsi. HeoOxXinHICTh BpaxoByBaTH Ail0 CHJI TEPTS TOB'S-
3aHa 3 TUM, IO TEPTS NPUBOAMTH A0 JOAATKOBOI OMH-
JIKH i CTBOPIOE JIOIATKOBY AeMII(pYIOUY Iif0. Y CKIaIHIOE
3aady KOMITCHCAIii CHI TepTs. TOH (akT, o HeIiHii-
HICTh CHJI TEpTSA HAHOIIBIIOI MIpOI0 BIUIMBAE MPH
3aB/IaHHI TAPMOHIYHOTO MaJOr0 CUTHATY 10 IIBHUAKOCTI
3 HM3BKOIO YaCTOTOFO i amrutiTynoro [11].

Ha puc. 2 HaBe#eHO alropuTM, IO BPaxOBY€E IPHH-
LUIT KOMIIEHCAlil il CHJI TepTs y MEXaHIuHHX Iepeia-
Yax.

[osicHeMo [if0 IIHOTO AITOPUTMY HA KOHKPETHOMY
npuknagi. [IpumycTumo, 1o Ha BXiJl CHCTEMH (BUKOHAB-
YU MEXaHi3M) JIi€ MOMEHT:

M =M, -|M,,[sign(e),

ne My — KpyTHUI MOMEHT, 1110 pO3BUBA€E ABUTYH; M,y —
CTaTUYHUK MOMEHT OIIOPY.

Toni mnpu |M ()|S|Mcm| 3MiHa @ IPUIHHAETHCA,

MOMEHT Ta CTPYM SIKOPSl BU3HAYAIOTHCS IHTETPAILHOIO
4acTKOIO 3aBaaHHsa Ny, ToMy 110 mpornopiiiiHa yactka Ny
Mana, depe3 Mamicte 3aBuaHHs N,. Tomi, mans mpoxo-
JOKEHHSI 30HHU 3aCTOI0 JI0 BXOJY 1HTErpaTopa IpHKJaia-
I0Th BIUIUB 110 KOMITEHCY€E NK, SIKUH Ji€ Ha IPOTs3i mepi-
oxy T, Ta TIOBHHEH 3a0€3MCUYUTH IIBUIKE MTPOXOHKEHHS
30HH 32 Yac:
t = & N
3 min *
K

Tobro, BinOyBaeTbcsi 30iabmeHHS N, Ha KOXKHOMY

kpoui auckperusauii Ny

—

S1=N3¢0

Puc. 2. AIIFOpI/ITM KOMIIEHCAIll A11 CUJI TEPTA Y MEXaHIYHUX II€peaavax

TakuM 4MHOM, 3aIPONIOHOBAHHUM Ha PUC. 2 AITOPUTM
JTO3BOJISIE TIPOTPAMHUME 3ac00aMU KOMIICHCYBAaTH KiHe-
MaTHYHI MOXHOKM CHCTEMH MEXaHIYHOI mepenadi, 1o
BHKITMKaHI IPYXHUM J1e()OpMyBaHHSAM 11 YaCTHH.

BUCHOBKM

1) PosrmsHyTa crienudika KOMOeHcallii HemiHiHOC-
Tell B EIEKTPHYHOMY NPHBOJI, IO IOB'S3aHI
3 MOXMOKaMHU CHCTEMH MEXaHI4YHOI mepenadyi, Ta
BHSBIICHO (DaKTOPH, IO HAMOLIBII BILTMBAIOTH HA
TOYHICTh PETYJIFOBAHHS [TPH MO3UIIIFOBAHHI.

2) JIOTIOBHEHO CTPYKTYPy CHCTEMH MO3HIIHHOTO
€JIEKTPOINIPHUBOJLY OJIOKOM, SIKMI I03BOJISE KOMIIE-
HCYBATU 3a30pH, 10 BUKJIMKaHi TodraMmu mexa-
HIYHUX MTepeaay.

3) Po3po6iieHO aNropuT™M KepyBaHHS €INCKTPHIHHM
MPUBOOM TIPH HASBHOCTI (hakTOpy, 110 30ypIoe,
Y BUIJISI JTii CHIT TEPTSL.
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I'BY3 «KpuBOpOXKCKHiA HAITMOHATTFHUN YHUBEPCUTETY»
Kpusoii Por, Ykpanna

Pegpepam—B ctaThe npeacTaB/ieHbI 0C00eHHOCTH KOMIICHCAIIMM HeJMHEeifHOCTeill B 3JIeKTpHYecKOM NPHBO/e, BbI3BaH-
Hble NOTPeLIHOCTAMM CHCTeMbI MeXaHH4Yeckoii nepeaauyn. OTMe4eHo, YTO OJHOM M3 CaMbIX PACIIPOCTPAHEHHBIX onepauuii
COBPEeMEHHBIX TeXHOJIOTHYECKHX MPOoLeccoB sBJIsieTcsl Mo3unuoHNpoBanue. /s obecnevyeHust GyHKIMOHUPOBAHUS TAKUX
MeXaHU3MOB He00X0IUMO BbICOKOE ObICTPOeliCTBHE U TOYHOCTH NepeMenieHusi padoyero oprana. OTmeueHo, 4To 3¢ gex-
THBHBIM BBIIVIIUT Pa3padoTKa M CHHTE3 IO3ULIMOHHBIX CHCTEM 3JIEKTPOIPHBOAA ¢ KOMICHCANMOHHBIM NPHHIHIOM
ynpasJjieHusl. Takoli NIPUHIMI yNpaBJeHUs JaeT BO3MOKHOCTh IOBBICUTHL ObICTPOJeiicTBHE NPH HEM3MEHHOMH CTPYKType
CHCTEMBbI M 33/IaHHOI TOYHOCTH 0TPA0OTKH NepeMelieHusi. OTMe4eHO, YTO HeJIMHEeiiHOCTH, KOTOpbIe BIUAIOT HA TOYHOCTh
W JHHAMHYeCKHe XapaKTePUCTHKH HH(POBBIX CHCTEM 3/1eKTPONPHBO/AA, HY:KAAI0TCsl B X ydeTe. Bbliia pacemoTpena crne-
nupuka HelMHeiHOCTel B 31eKTPHYECKOM NOBO/Ie, KOTOPbIe CBA3aHbI C MOIPELIHOCTAMH CHCTeMbl MeXaHHYeCKOIi mepe-
aauyn. Takske B cTaTbe OblIa MpeACTABJeHA CTPYKTYPAa MO3ZHMIMOHHOIO 3J1eKTPONPHBOAA ¢ KOppeKHHueil HeJuHeiHOCTH
MeXaHH4YecKoil Mepefayd, W MpeJIoKeH, HA NMPHMepe MpPeICTABJEHHONH CTPYKTYpPbl, IPHHIUI KOMIIEHCALUH 3a30POB,
KOTOpbIe BBI3BAHBI JIIOQYTAMHU B MEXaHHYECKHX NepeJadax, a TAKKe PacCCMOTPEHbI BO3MOKHOCTH KOMIICHCAIIUH IeiicTBUA
cuJ1 TpeHus. Pa3paGoran ajropuTM KOMIEHCAIMH JeiiCTBHA CHJI TPEHUS B MEXaHHYECKHX Iepefadyax 3JeKTPOoIpHBOJA.
OTMedeHO, YTO NMPeJJIOKEeHHbI AJrOPUTM I03BOJISET NPOIPAMMHBIMHU CPeJACTBAMH KOMIICHCHPOBATh KMHEMaTHYeCKHe
MOIPEIHOCTH CHCTeMbl MeXaHHYEeCKOM NepeJaul, KOTOpbie BbI3BAHbI YIIPYTHM 1e)OPMHPOBAHHMEM ee YacTeil.
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Abstract—The features of indemnification of nonlinear dependences in an electric drive, that is conditioned by the errors
of the system of mechanical transmission, are presented in the article. It is marked that one of the most widespread opera-
tions of modern technological processes is positioning. For providing of functioning of such mechanisms, a high fast acting
and exactness of moving of working organ are needed. Therefore, the task of improvement of indexes of control quality
remains actual by an electric drive. It is marked that development and synthesis of the position systems of electric drive look
effective with compensative principle of control. Such principle of control gives an opportunity to promote a fast acting at
the unchanging structure of the system and set exactness of working off moving. It is marked that to non-linearity, that
influence on exactness and dynamic descriptions of the digital systems of electric drive, need their account. It was distin-
guished such from them, that is most influencing. To such factors were taken to non-linearity of executive branches of
working mechanisms that is conditioned by the presence of gaps and action of forces of friction, to non-linearity of control
system by processes in an electric drive, that is caused by the processes of transformation of electric energy, dependence on
the current of anchor of moment of engine(for the engines of direct-current) and magnetic stream(for the engines of succes-
sive excitation), and also non-linearity, that is related to digital presentation of information, that is conditioned by a quantum
on the level of analog-to-digital and digital-to-analog conversion, limiting to the ordinate of bit net of microsystem. It was
marked that the use of microsystems gives large possibilities for programmatic indemnification of influence of many forms
of non-linearity on quality indexes. Advantage of microprocessors consists in their comparative simplicity of realization and
stabilizing, that allows to inculcate the systems that compensate to non-linearity. The specific of nonlinear dependences in
an electric occasion, that is related to the errors of the system of mechanical transmission and educed factors that influence
on exactness of adjusting at positioning, was considered. Also in the article the structure of position electric drive was pre-
sented with the correction of non-linearity of mechanical transmission. Power part of electric drive contains engine of direct-
current and transformer of electric energy. Part of the system of electric drive, that manages, executed on the chart of
the inferior adjusting of coordinates. It contains the internal contour of speed, and also contour of adjusting of coordinate
of moving of executive branch of control object. For maintenance of necessary fast-acting at working off the set moving at
presence of factors that revolt, from the side of executive mechanism, such structure allows to compensate the action of these
factors. It was therefore offered on the example of the presented structure principle of indemnification of gaps that is caused
by a backlash in mechanical transmissions, and it is considered as possible to compensate the action of forces of friction. It
was marked that a necessity to take into account the action of forces of friction is related to that over a friction brings to the
additional error and renders additional ant vibration an action, and indemnification of forces of friction complicates a task
circumstance that non-linearity of forces of friction in a most degree influences at a task harmonically of small signal on
speed with LF and amplitude. The algorithm of indemnification of action of forces of friction is worked out in the mechanical
transmissions of electric drive. It is marked that the offered algorithm allows programmatic facilities to compensate kine-
matics errors systems of mechanical transmission, that is caused by resilient deformation of her parts.
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