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IIPOTrHO3yIOYMMU MOLEISIMU

2. Model predictive control for energy-efficient operation of an induction machine in transient behavior

Pedepar:

1. Inceprartist Ha 3M06YTTSI HAYKOBOTO CTYIEHs KaHAUAaTa TEXHIYHUX HayK 3a creljanbHicTio 05.09.03 -
€JIEKTPOTEXHIYHI KOMIJIEKCU Ta CUCTeMU — HallioHaIbHUY TEXHIYHUN YHIBEPCUTET «JIHIIIPOBCHKA MOJITEXHIKA»,
MinicTepcTBo ocBitu i Hayku Ykpainy, JHinpo, 2021. JuceprauifiHa po60Ta NprCBsYeHa BUPILIEHHIO aKTyaJabHOI
HAYKOBOI 3a/1a4i 3 pO3POOKU 3aKOHIB €HEProe(dEKTUBHOIO KEPYBaHHS KOOPJMHATAMU ACUHXPOHHOTO
€JIEKTPOIIPMBO/A, 11O NPallO€ B YMOBAX 3MiHHOIO HABAaHTAXEHHY i 3aBJJaHHS HA IIBUJKICTb. 3alIPONIOHOBAHO [Bi
moauddikalii KOHBEHIi0HaJIbHOTO BEKTOPHOTO K€PYBAHHSI €JIEKTPONpUBOIOM. [lepina 6a3yeTbcst Ha

BrockoHaneHoMy GRAMPC meToi mporHo3yBaHHS 1J1s1 KEPYBaHHS €JIeKTPOMEXaHiYHOI0 CUCTEMOIO Ha 6asi



ACUMHXPOHHOI MallIMHU 3 KOPOTKO3aMKHEHUM POTOPOM 3 METOIO MiJIBUILIEHHS €HEProe(dEKTUBHOCTI y NEPEXiTHNX
peskumax. [TokazaHo, 1o MIISIXOM [TO€IHAHHS KiJIbKOCTI KPOKIB iTepaliiii Ha KOXXHOMY KpPOLLi pO30UTTSI TOPU3OHTY
IIPOTHO3YBaHHS Ta KiJIbKOCTi LIUX KPOKIB 4OCITraeThCs 6aKaHa TOUHICTb Ta MIBUAKICTh PO3PaXyHKY TPaeKTOpil
[IOTOKO34YEIJIEHHS], IO MiHiMi3ye MOTY>XHICTb BTPAT y PeXXUMi peaslbHOTo 4acy. JIpyruil Metog, 6a3yeTbCst Ha
ananTyBHIN QinpTpalii curHany 3aBgaHHS Ha BXOJIi PETyiaTopa OTOKO34eIyieHHs. [JoBeieHo, o [Py BiATIOBiTHUX
3HAYEHHS CTasoi yacy QinbTpy, NOTYXHICTh BTPAT MOKe OyTU 3MeHIIeHa. BIpoBaisKeHHs 3alIpOIIOHOBAaHUX 3aKOHIB
KEPyBaHHs MIPU3BOJUTH 10 3MEHILIEHHS €Heprii BTpaT y AUHaMiYHOMY peXUMi poOOTH ABUTYHA, HiXXK yTPUMaHHS
CTPpyMy HaMarHi4YyBaHHS Ha HOMiHaJIbHOMY PiBHi. [IpoBezieHi eKcliepuMeHTabHI JOCIIKEHHS ML TBEPAUIN
BiZJTOBiJHICTh PE3YJIbTATiB PO3PAXYHKIB Ta MOJENIOBAHHS PE3yJIbTaTaM CTEHLOBUX BUMipIOBaHb. KIIt04OBi Cj10Ba:
ACUHXPOHHUI IBUTYH, BEKTOPHE KEPYBAHHS, IIOTY>KHICTh BTPAT, eHeproepeKTUBHE KepyBaHH, JUHAMIYHUI

PEXXuM, anarnTruBHA Cl)i]IpraU‘iF[, IMPOrHO3yBaHH, PESKUM PEAJIPHOTO 4acy, HO]IiKpI/ITepia]IbHe peﬁTHHFyBaHHﬂ.

2. Qualifying scientific work on the rights of the manuscript. The dissertation on competition of a scientific degree
of the candidate of technical sciences on a specialty 05.09.03 - electrotechnical complexes and systems - Dnipro
University of Technology, Ministry of Education and Science of Ukraine, Dnipro, 2021. The dissertation deals with
the actual scientific problem of the development of energy-efficient control laws of coordinates of asynchronous
electric drive operating in modes with changing loads and speed setpoint. The author proposes two modifications
of conventional vector-controlled induction motor drive. For the first time, it is proposed to use a modified
nonlinear gradient-based model predictive control toolbox GRAMPC instead of a flux controller in a field-oriented
control scheme. This modification ensures a control law for transferring the electromechanical system from one
operating point (torque, speed) to the desired point following the minimum energy loss criteria in real-time, taking
into account possible changes in the desired future state of the electric drive as a result of the influence of the
input reference signal and as a result of the influence of change in load (including simultaneously). The optimal
control problem is defined as the minimization of the time integral of the energy losses with constraints. To this
end, the expression according to Hamilton's method is defined and first-order optimality conditions are
determined based on Pontryagin’s Maximum Principle. The effect of the model algorithmic parameters: prediction
horizon, the maximum number of iterations, numerical integration method, and the number of data points is
considered and default values in terms of real-time demands are determined. Utilizing the multiple-criteria
decision-making approach, it is shown that by combining the number of gradient iterations with the number of
discrete horizon intervals, the desired accuracy and speed of precalculating the loss-minimizing trajectory of field-
producing current is achieved. The second proposed modification is a simple technique for sub-optimal online loss
minimization achieved through the use of the law of the rotor flux generation augmented with adaptive low-pass
filtering of the flux reference at each sampling step. It is shown that by appropriately choosing the filter time
constant as a fraction of the rotor time constant the instantaneous power losses after a load torque step can be
significantly reduced compared to the standard case. The analysis for the appropriate choice of the filter time
constant is based on a numerical study and modeling for three different induction motors with different rated
powers. A laboratory testbench was created for experimental research of the closed-cycle operation of a 370-W
field-orientation induction machine in dynamic behavior when load conditions are changing, considering the
nonlinearities of the main inductance. Both the steady-state and dynamic performance of the proposed methods is
investigated. The developed control laws were implemented in hardware using the code generation technology
directly from MATLAB /Simulink environment for execution in the dSPACE real-time controller. Handling real-
time applications are made in ControlDesk experiment software for seamless ECU development. The results
obtained during experimental studies confirm the reliability and high accuracy of the results of analytical
calculation and modeling, as well as the adequacy of the proposed mathematical model of asynchronous machine
and control systems. Additionally, the comparison of measurement results with conventional methods is provided,
which validates the advantages and performance of the control schemes. Keywords: induction motor, field-
oriented control, power losses, energy-efficient control, dynamic mode, adaptive filtering, model predictive

control, real-time implementation, multiple-criteria decision-making
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