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V. BimoMocTi npo guceprariio
MoBga guceprariii:
Koau TemaTHYHHUX PYOpPHK: 45.29, 50.03

Tema gucepranii:
1. CUCTEMA BEKTOPHOT'O KEPYBAHHS ACUHXPOHHVIM TEHEPATOPOM 3 BJIACTUBOCTSMU POBACTHOCTI
71O TIAPAMETPMYHUX 3BYPEHD

2. Vector control system of induction generator with robustness properties to parametric perturbations.

Pedepar:

1. Y nuceprauiiiniit poboTi BUpilyeThCsI HAYKOBA 33ja4ya CTBOPEHHS METO/IiB BEKTOPHOTO [10JIE0PiEHTOBAHOTO
KEepyBaHHS aBTOHOMHVMU aCUHXPOHHUMU reHepaTtopamu (Al'), cipsiMOBaHUX Ha MiABUILEHHS iX CTATUYHUX Ta
IVHAMIYHUX XapaKTEPUCTUK. BUKOHaHO TEOPETUYHMII aHaJli3 Ta HOCIiIKEHHS BJIaCTUBOCTEN CTIMKOCTI Ta
XapaKTEPUCTUK CUCTEM BEKTOPHOro KepyBaHHs Al 3 [1I-perynsTopamu CTpyMiB Ta Hapyry, siKi MoaUGIKOBaHO s
BpPaxyBaHHS HACUYEHHS MarHiTHOiI cucremu Al'. CHHTE30BaHO Ta TEOPETUYHO OOIPYHTOBAHO HOBi METOIM
BEKTOPHOT0O KEPYBAHHSI MiJJCUCTEMOIO ITOTOKO34eIIeHHs AT, sIKi 103BOJIII0OTh CUHTE3yBaT/ POOACTHI 10 Bapiali
aKTUMBHOTI'O OIIOPY POTOPA aJIfOPUTMU PETYJIIOBAHHSA BEKTOPA IIOTOKO3YEIJIEHHS POTOPA B CUCTEMAX 3 IIPSIMUM Ta

HETIPSIMUM I10JIeOpieHTYBaHHSIM. Po3p0o6sieHO HOBUI MeTOZ, JIiHeapr3yl04oro 3B0POTHUM 3B'13KOM KepPYBaHHS



HaIpYrolo JIAHKY MOCTIHOTO CTPYMY, SIKUI 3a6e31edye JiHiHY AMHAMIKy [iICUCTEMU PETryJII0BaHHS HAMPYTU
HE3aJIEXKHO Bifl peXXnMiB po60oTu Al'. PO3p06s1€HO afanTUBHY CUCTEMY BEKTOPHOTO KEPYBaHH4, sIKa 100y j0BaHa 3
BHMKOPHCTaHHSIM HeJIiHIITHOro MPUHLMIY PO3[iJIeHHS Ha OCHOBI HealalITUBHOTO aJITOPUTMY POOACTHOTO
BEKTOPHOT'O KEPYBAHHS i PO3POOJIEHOTO aIalITUBHOrO CIOCTEPirada BEKTOPa OTOKO3YEIJIEHHSI POTOPA, SIKUI
BPaXxOBy€ HACUYEHHS MArHiTHOI CUCTEMU aCMHXPOHHOI MAlIMHU Ta 6€3M0CEPEAHbO OLHIOE aKTUBHUIA OIip pOTOpAa.
PesysibTaTy €KCIIEPUMEHTAJIBHUX JOCTIIKEHb PO3POOJIEHUX CTPYKTYP BEKTOPHOTO KEPYBaHHS Ha CTBOPEHUX
eKCIIepUMEHTaJIbHUX YCTaHOBKax 3 Al' OTy>kHicTIO 2.2 KBT Ta 5.5 KBT crniBnajaoTh 3 pe3ysibTaTaMu MaTeMaTU4HOTo
Mo eoBaHHS. Kill040Bi ¢10Ba: aCHHXPOHHUI F€HepaTop, BEKTOPHE KePyBaHH:, pOOACTHICTD, afjanTallis,

crocrepiray.

2. The thesis is devoted to research and development of new vector control algorithms for autonomous induction
generators (IG) with improved static and dynamic characteristics. Based on the analysis of existing control
methods and types of existing electric power generation systems, it is shown that: a) the classic PI-vector control
algorithm has no rigorous theoretical substantiation; b) the stability of essentially nonlinear system is not proved;
and c) it is sensitive to coordinate and parameter perturbations. The theoretical analysis and investigation of the
stability properties and characteristics of the saturated IG vector control systems in the standard configuration
with linear PI current and voltage controllers (which take into account the saturation of IG magnetic system) are
performed. Classic algorithm provides local asymptotic stability of DC-link voltage and rotor flux regulation under
limited load current and decomposition of the voltage and g-axis current subsystems, based on the two-time scale
separation. A new feedback linearizing control of DC-link voltage is developed. It is synthesized on the base of the
balance equation of electromechanical conversion and for the first time provides the linear dynamics of the
voltage regulation subsystem regardless of changes in angular speed, module of rotor flux vector and load current.
A method for the synthesis of direct vector control of the IG flux subsystem based on a new reduced order flux
observer has been developed. The systems with developed algorithms were studied in simulation. It is shown that
static and dynamic characteristics degrade when using standard configuration with linear PI current and voltage
controllers under conditions of active rotor resistance variation. Under high active rotor resistance increase, this
algorithm does not provide stable operation unlike developed robust algorithm. The robust algorithm with direct
field orientation has been developed, which provides robustness to variation of rotor active resistance. An adaptive
observer, which takes into account the IG saturation, has been synthesized and investigated in autonomous mode
and as part of an adaptive control system. It provides higher accuracy level of flux tracking by applying the
combination of robust vector control algorithm (to rotor active resistance variations) and the adaptive observer,
providing exponential estimation of rotor active resistance. The adaptive control system does not require
information about the initial values of the rotor active resistance. Intensive experimental comparison study of
proposed controllers and indirect vector control with linear PI voltage regulators were conducted on the created
experimental installations with IGs of 2.2 kW and 5.5 kW rated power. Experimental results coincide with the
simulation and shows that improved dynamic quality indicators of DC-link voltage control are obtained as well as
higher efficiency is achieved. The results of the work were implemented in the educational process at the National
Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" in teaching the subjects
"Electromechanical systems in environmentally friendly technologies", "Robust and adaptive control in
electromechanical systems". Keywords: induction generator, vector control, robustness, adaptation, observer.
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