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AHHOTAIUA

Ha nanHbIil MOMEHT, Kak U B Poccun, Tak U B cTpaHax OJIMKHETO U JAIbHETO
3apy0exbss  (QYHKUMOHMpPYET OOJIBIIOE KOJMYECTBO JUPTOB  Pa3IUYHOTO
(YHKIIMOHATPHOTO U KOHCTPYKTHBHOTO HCIIOJIHEHUSI, KOTOpbIE 00ECIeYnBaIOT
HYKJIbl TPOMBIIUICHHBIX NPEANPUATUN, CIOXKHBIX 3JaHUA M COOPYKEHUU
OOIIIECTBEHHOTO W  CIHEIUAIbHOTO HA3HAYeHHs, HYXIbl KOMMYHAJIbHOTO
XO034MCTBA.

Pacmmpstomuecss motpeOHOCTH OOIIECTBEHHOTO Pa3BUTHS OOYCIIABIMBAIOT
HEOOXOJMMOCTh B HEIPEPHIBHOM COBEPIIEHCTBOBAHUU CPEJICTB BHYTPHUIOMOBOTO
TPaHCIIOPTAa C YYETOM COBPEMEHHBIX TEXHMYECKUX JOCTIkeHMi. K Takum
NOTPEOHOCTSIM CTOUT OTHECTH MOBBIIIEHHE 3HEProd(P(EKTUBHOCTH, MOBBIIICHUE
TOYHOCTM U TIUIABHOCTH pabOThl Jnu@dTa, W KaK CIEACTBUE IOBBIIICHUE
KOM(popTabenbHOCTH TMpHU dKciulyaTanuu. Ha coBpeMEeHHOM 3Tare pa3BUTHUSA
OOIIECTBa CTAaHOBUTCS SPKO BBIPAKEH POCT MNOTPEOHOCTH B 3PPEKTUBHOCTH
BHYTPEHHEro TpaHCHopTa 34aHui. B mocnennue roxapl 3Toil mpoOieme ObLIO
ylienaeHo Oojblloe BHUMaHHE, BCJIEACTBUE dYero pa3paboTku B olnactu
SHEPreTHYeCcKoi 3(PPEKTUBHOCTU CTAHOBSTCS 00Jiee BOCTPEOOBAaHHBIMHU.

OaHUM U3 TaKUX HAYYHO-TEXHUYECKUX IOCTHKEHUN SBISIETCS BHEIAPEHHE
YaCTOTHBIX TIpeoOpaszoBareneid B mpuBoA Judra. IlpumeHeHue YacTOTHBIX
npeoOpa3oBareieili He TOJIBKO T03BOJIAET YBEJIMYUTH O€30MaCHOCTh pPadOThI
AIEKTPOMEXAHUYECKON YacTh 000pYJO0BaHUsA, HO U MOMOraeT gocturath 10 60%
pocTa 3HeprocoOepeKeHHsL.

[lepexoq Ha HCIONB30BAHWE CHHXPOHHBIX JBUTaTeNIed C IOCTOSTHHBIMU
MarHuTaMu SIBJISIETCS OJHHUM W3 TIIEPCIEKTHBHBIX HANPABJICHUN pa3BUTHSA
audTOBOroO IJEKTponmpuBoAa. Takue aBuratend o0jagaroT 0ojee BBICOKUMU
HPHEPreTUYECKUMH MOKa3aTelsiMu, 0oJjieeé KadeCTBEHHbIMM JMHAMHYECKUMU
XapaKTEPUCTUKAMU, YE€M AaCHUHXPOHHBIC JBUTATENIM, MEHBIIUMH Trabapuram u
Maccoi MpU aHAJOTUYHBIX MOIIHOCTSX, MO3BOJISIOT paboTaTh Ha 0o0Jiee BBICOKHMX
YTJIOBBIX CKOPOCTSIX.

AHanu3 mocjaenHux pa3paboTOK B JIaHHOM OOJIAaCTH TOKa3bIBaeT, UYTO HE
yIEJICHO JOJDKHOTO BHUMAHMS IOKa3aTeNisIM 3JHEpPreTudeckoil 3(pQexTuBHOCTU
JUQPTOBOTO SJIEKTPOIPHUBOJAa HAa 0a3e CHHXPOHHOIO JIBUTaTelisi C MOCTOSHHBIMH
MarHuTamu.

TaxuMm oOpa3om, uccieI0BaHMs B JTaHHOW 00JIACTH SIBIISIFOTCS AKTYyaIbHBIMHU.

OCHOBHOM ~ OCOOEHHOCTBIO ~ JTaHHOM  pabOTBl  SBJISETCS  aHAJIMU3
PHEPreTHYECKUX IMOKa3zaTeiael JU(TOBOTO 3JIEKTPONpHUBOAA. ITO MO3BOJISAET
UCCIIEIOBaTh TMOTEPU B JH(PTOBOM HIIEKTPONPHUBOAE U JENaTh 3aKIIOUEHHUS O
HaIIpaBJICHUSIX PACXOJ0BAaHUS SHEPTUH.



OCHOBHOM 11e/IbI0  pabOTHl  SABIAETCSA  OMpEICNIeHHE MOTEHIUAIbHON
BO3MOXXHOCTH IO CHWIKEHHUIO H3JUIIHUX HHEPreTUYECKUX MOTEPh JIU(PTOBOTO
ANEKTPOIPUBOAA. ITO MOXKET OBITh PEaJTM30BaHO 3a CUET YMEHBIICHHS MOTEPh B
MPOIIECCaX, KOTOpPbIE HE HAMNpaBJEHbl HANPSMYI0 Ha COBEPIICHUE IOJIE3HOU
padoTHL.

JIns OEeHKM yCTOMYMBOCTH AJIEKTPONPUBOAA IPU PA3JIUYHBIX HACTPOUKAX
€ro CUCTeMBbl YMpaBlICHHUS pa3paboTaHa YMOpOIICHHAas MaTeMaTH4ecKas MOJIEib
CHCTEMbI YIpaBIEHUS JUPTOBOTO DIEKTPONPHUBOJAA. ITa MOJENIb TMO3BOJIAET
MIPOBEPUTh KOPPEKTHOCTh HACTPOMKH CHUCTEMBI YIIPABJICHUS H  OLICHUTH
YCTOMYHMBOCTh paboThl JU(PTOBOro 3JEKTponpuBoga B LeiaoM. Ha Oaze stoi
MOJIEJIA TPOUCXOIUT OLIEHKA KOPPEKTHOCTH IPHUHATBHIX PELICHUN 10 U3MEHEHHUIO
apamMeTPOB CUCTEMBI YIIPABIECHUS JTU(TOBBIM 3JIEKTPOIPUBOIOM.

Pa3zpaborana  yTouHeHHas  MareMmaTH4eckas  MoJelb  JIM(PTOBOIO
AIIEKTPOIPUBO/A, MO3BOJIAIONIAS Y4YECTh OCHOBHBIE OCOOEHHOCTH pEajbHOro
AIEKTPOTEXHUUECKOTO 000pyAoBaHusl. K TakuM 0COOEHHOCTSM CTOUT OTHECTH:

- y4YeT BJIMSHMS IIUPOTHO-UMITYJIbCHOM MOAYJISIIMM WHBEPTOpa Ha padboTy
CUCTEMBI YIIPaBJICHUS;

- Y4€T BJIMSHUSA KBAHTOBAHUN B OOPATHBIX CBA3SX KaK [0 BPEMEHHU, TaK U I10
YPOBHIO;

- y4eT KBaHTOBAHHUSI 110 BPEMEHU CaMOIl CUCTEMbI YIIPABJICHHUS.

DTO TO3BOJSIET OLEHUTh KAadyecTBO pabOThl CHUCTEMBI  YIPABJICHUS
AJIEKTPOIPUBO/A B YCIOBUSX, IPUOIMKEHHBIX K pEaIbHOMY 000pYA0BaHHMIO.

Pazpaborana pacmiMpeHHass MaTeMaThyeckas MoOJeIb Uil OLEHKHU
HHEPreTHYECKUX IMOoKa3zaTele paccMaTpuBaeMoro JU(TOBOTO 3JIEKTPONPUBOJA.
JI1st 3TOro B YTOUHEHHYI0 MATEMAaTHYECKYI0 MOJIENIb BHEIPEHBI CPEICTBA OLICHKU
MOIIIHOCTA Ha BXOJE U BBIXOJE 3JIEKTPONPHUBOJAA. OTO IO3BOJIAET BBIIEIUTH
MOMEHTHl B paboTe JUQPTOBOrO 3SIEKTPONPUBOJA, B KOTOPBIX NOTpedisiemas
DHEPrus PACXOAyeTCs HE Ha COBEpUICHHE MOJIE3HOW padOThl MO NEepeMENICHUIO
KaOWHBI TUdTA.

Pa3paboTan SKCHepUMEHTATBHBIN CTEHJI MO OMPEIACICHUIO TOKa3aTeseH
KauecTBa mpeoOpa3oBaTeneil 4YacToThl. [Ipou3BeneHbl HKCIEPUMEHTAIbHbIC
UCCIICIOBAaHMSI BIUSHUS TNPUMEHEHUS TapMOHUYECKOro (uibTpa Ha BXOJE
npeoOpa3oBaTesst 4aCTOTHl HA UTOTOBBIN KOA(D(PHUITUEHT MOIITHOCTH MOTPEOIIEMON
U3 CETU SHEPTUU.

KiroueBble ¢j10Ba: cucTeMa yIpaBlIeHUs, SIEKTPOTPUBO/, dJHEPTeTUUECKAs
3¢ (HEKTUBHOCTH, TOKA3aTENN KauyecTBa, TUQT.



ABSTRACT

Russia as well as foreign countries currently operates large amount of
various elevators. They provide the needs of communal services, industrial
enterprises and complex constructions of public and professional use.

Expanding needs of social development require continuous improvement of
internal building transportation. Such improvements address energy saving, higher
accuracy, smoother operation and overall user experience. Current state of society
express high demand in building traffic efficiency. Great attention has been paid to
this problem in recent years. This led to increasing demand in energy efficient
technologies development.

One such technical achievement is the introduction of frequency converters
in the elevator system. Frequency converter application not only allows safety
increase of the equipment’s electromechanical part, but increase of energy saving
up to 60%.

Transition to the synchronous motors with permanent magnets is one of the
promising areas of the elevator electric drive development. Such engines have
higher energy indices, better dynamic characteristics than of asynchronous motors.
They also have smaller dimension and weight footprint, allowing for higher
rotation speed operation.

Analysis of the latest developments in this area shows that there was not
enough attention paid to the energy efficiency of electric drive control system
based on a synchronous motor with permanent magnets. Thus, research in this area
is relevant.

The main feature of this work is the analysis of the elevator electric drive
energy parameters. This allows investigating the losses in the elevator electric
drive and making conclusions about the directions of energy consumption.

The main purpose of this work is to determine the potential for reducing
excessive energy losses in the elevator electric drive. This can be achieved by
reducing losses in processes that are not directly affect the performance.

To assess the stability of the electric drive under various settings of its
control system, a simplified mathematical model of the elevator electric drive
control system. This model allows checking the correctness of the control system
configuration and evaluating the stability of the elevator drive as a whole. Based
on this model, the correctness of the elevator control system parameters is
evaluated.

An updated mathematical model of an elevator electric drive is developed,
which makes it possible to account for the main features of real electrical
equipment. Such as:



- consideration of the PWM influence on the control system operation;

- consideration of the feedback sampling influence both in time and in level;

- consideration of time sampling of the control system itself.

This allows evaluating the operation quality of the electric drive control
system in conditions close to the real equipment.

The expanded mathematical model for the power indicators estimation of the
considered lift electric drive is developed. For this purpose, the means for
estimating the power at the input and output of the electric drive have been
introduced into the refined mathematical model.

An experimental stand has been developed to determine the quality
indicators of frequency converters. Experimental studies of the effect of applying a
harmonic filter at the frequency converter input on the final power factor of the
energy consumed from the grid are carried out.

Keywords: control system, electric drive, energy efficiency, electric power
quality, elevator.



