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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koy TeMaTHYHHX PYGPHK: 45.41.31

Tema guceprauii:
1. CucreMu ONTUMAIBHOTO PEJIEHOTO KEPYBAHHS MAIIMHOIO TIOABIHOTO >XUBJICHHS

2. System optimal relay control doubly fed induction motor

Pedepar:

1. Y nuceprauiiiziil poboTi BUpillleHa aKTyaJbHA HAyKOBa 33/1a4a CUHTE3Yy CUCTEM ONTUMAJIbHOTO PEJIEHHOrO
KepyBaHHS MAIIMHOIO MOBIHOTO )XUBJIEHHS, SIKi 3a6€311e-4yl0Tb IMMPOKU 1ialla30H PEryl0BaHHS MBUIKOCTI
00epTaHHS, He3HaUHe JMHaMiyHe Ta cTaThyHe ii nafiHHs i HU3bKY YyTJIMBICTh 10 IapaMeTPUYHUX | KOOPAUHATHUX
30y-peHb IIpU pOOOTi B KOB3HOMY pe>kuMi. OOI'PyHTOBaHA JIOLi/IbHICTh BUKOPUCTAHHS aCUHXPOHHOTO
€JIEKTPONPMBOY 3a cxemolo MIDK. [l cuHTe3y pesieiiHuX aJropuTMmiB KepyBaHHs KoopauHaTtamu MIDK
BUKOPUCTAHO MOINGIiKOBAHUI MPUHIIUIT CUMETPii, 3aCHOBAaHUH HA KOHIIEMIIisSIX 3BOPOT-HUX 33424 JUHAMIKY i
36ypeHoro - He30ypeHoro pyxy. CUHTE€30BaHi aJIFTOPUTMU ONTU-MaJIbHOTO KEPYBaHHS TIOTOKO3YEIJIEHHSM,
PEaKTUBHOIO CKJIA[IOBOIO CTPyMY, HIBUJIKiC-TI0 OOEPTaHHSI POTOPY, aKTUBHOIO CKJIA[IOBOIO CTPYMY B Pi3HUX (Pa30BUX
IIPOCTOPAX Ta MiCLSIX BCTAHOBJIEHHS KEPOBaHUX I1epeTBOPIoBayiB. [IpoBesieHO aHai3 pi3HUX CTPYK-Typ MOOYL0BU

PeJIEMHO-BEKTOPHUX cUCTeM KepyBaHHS MIDK 3 Pi3HOIO KiJIBKICTb Ta Mi-CLIEM BCTaHOBJIEHHS] KEPOBaHUX



nepeTBoploBauiB. Bukopucranus AJl 3 P 3a cxemoto MIDK 103Bos1sie OTpUMaTH MIMUPOKUH [lialla30H peryJiloBaHHS,
He3HayHe JMHaMiyHe Ta CTaTUYHe MafiHHS MBUIKOCTI 00EPTaHHS i HU3bKY YyTJIMBICTh 4O TapaMeTPUYHUX i KO-
OpIMHATHUX 30ypeHb IIpY POOOTi PETyISITOPIB B KOB3HOMY peXXUMi. EKcrieprMeHTasnbHi foCii)KeHHs] BUKOHaHi Ha
J1abopaTOPHOMY CTEeHZ], miaTBep-nuau edpektuBHicTh EIT 3a cxemoro MIDK 3 peseiHIMU airOPUTMaMU KEPYBAHHS.
O6-I'pyHTOBAHICTb i OCTOBIPHICTh HaBEJIEHNUX Y POOOTI MOJIOKEHD i PEKOMEHAALIIN MiTBE-PIKYETbCS
y3rOJpKEHHSIM TEOPETUYHUX PEe3YJIbTaTiB 3 eKCIIEPUMEHTaJIbHUMU JaHUMU. 30ir pe3ysbTaTiB eKClIepUMEHTalIbHUX
IOCTiIKeHb i MOJeJII0BaHHS 3 abCOJIOTHOIO I0-XUOKOI0, s1Ka He nepesulye 0,3816 1/c npu
cepenHbOKBaApaTuYHOMY Binxuneni 0,0654 1/c¢ s mBuaKocTi o6epTaHHs i aBCOJIIOTHOIO MTOXUOKOIO, SIKA He
nepesuiye 4,6 A 1pu cepeHbOKBAPaTUYHOMY BinxuieHi 3,7434 A njisi CTpyMy CTaTopa MifTBEP-AUB OCHOBHI

TEOPEeTUYHi [10JI0’KEHHS i HAYKOBi pe3yJIbTaTy AUCEePTaLiliHOi pO60OTU Ta MOXKJIMBOCTI iX TeXHiIYHOI peasizaLiii

2. The thesis research solves an actual scientific problem of synthesis of optimal relay control systems in double
fed induction motor, which provide a wide range of speed control, slight dynamic and static decrease in speed in
case of low sensitivity to parametric and coordinate perturbations in sliding mode. The analysis of various
approaches to development of control system in double fed induction motor was carried out. Mathematical models
of asynchronous machine, used for synthesis of control sys-tem, were analyzed, and the choice of support vector
of flux linkage, depending on the installation site of controlled converter, was founded. Relay control algorithms
are synthesized in response to problem solving of analytical design of regulators on the basis of modified concept
of symmetry, which is focused on the concepts of inverse dynamic problems and perturbed and unperturbed
motions. The use of wound-rotor induction motor with double-fed induction motor (DFIM) scheme, provides a
wide range of adjustment, slight dynamic and static decrease in speed in case of low sensitivity to parametric and
coordinate perturbations in sliding mode. The controllers design of relay and vector control system is performed if
using different support vectors of flux linkage and when switching converters either stator circuit or rotor circuit
or in both circuits simultaneously. Under-signature functions of flux linkage controllers, reactive and active
current in motor circuits, rotor speed, if using different control configurations, were obtained. Structural
realization of relay and vector control systems in double-fed machine was implemented in different phase spaces.
Experimental studies, performed at the laboratory bench, confirmed the effectiveness of electric drive, according
to DFIM scheme with relay control algorithms. Validity and reliability of the above thesis provisions and
recommendations are verified by consistency of theoretical results with experimental data. Agreement of results
of experimental studies and simulation data with absolute error of not more than 0.3816 1/s with a standard
deviation of 0.0654 1/s for the speed of rotation and the absolute error of not more than 4.6 A at a standard
deviation of 3.7434 A for the stator current confirms the basic theoretical principles and scientific results of thesis
research and the possibility of their technical implementation. The results of the thesis were introduced in the
municipal enterprise "Dneprodz-erzhinskvodokanal” at the station of water supply, section N23, and in the
research and manufacturing association "Dneprofmash" in the electric drive of pulling carriage of tube-drawing
bench. The use of electric drive, according to DFIM scheme with converter in the rotor circuit and control system,
oriented to the vector of flux linkage in rotor, with follow-up direct feedback at the station of water supply,
allowed to extend the period of accident-free equipment operation and raise energy indicators, due to reactive
power control, and reduce watt-hour energy use compared to the base case by a mean of 30%. The application of
electric drive, according to DFIM scheme with converters in rotor and stator circuits in Dneprofmash, NPO,
allowed enhancing the product quality by supporting stabilized drawing speed for a broad product mix, decrease
the product quantity by 7%, which does not meet technical requirements, increase rolling rate by 12...16% due to
speed doubling of backward motion in pulling carriage, reduce energy loss in the rotor circuit of the machine at
least 5 times in contrast with relay and contac-tor combination.
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