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KBa3iHEMPOPEryIsITOPOM

2. Synthesis of a two-mass electromechanical system with nonlinear frictional load and quasi-neuroregulator

Pedepar:

1. Incepraujiiina po60Ta IpUCBsSIYeHa BUPIlIEHHIO aKTyabHOI HAyKOBO-TEXHIYHO]I 3a/1a4i, IOB's13aHOi 3 PO3POOKOIO0
HOBOI Ta yIOCKOHAJIEHHSIM iCHYIOYMX METOAMK CUHTE3Y KBa3iHeMpOperysTopa 11l IBOMACOBOI
€JIEKTPOMEXaHIYHOI CUCTEMMU 3 NIPY)KHUM KiHEMAaTUYHUM 3B'I3KOM i HeJliHIHUM QPUKLiIHUM HaBaHTKEHHSM, 110
3abesnevye ycyHeHHs QPUKLiHNX aBTOKONUBaHb. O0’eKT NOCIiIKEeHHS — AUHAMIUHI IIPOLlecH Y IBOMacoOBii
€JIEKTPOMEXaHIuHil cuCTeMi 3 BiJf €MHUM B'SI3KMM TEPTSIM Ta CUHTE30BAaHUM KBa3iHEIPOPETYJISITOPOM, 10 YCYyBae

UKIIiliHi aBTOKOIMBaHHS. [IpeiMeT JOCiI)KeHHS — ABOMAaCcOBa €JIeKTPOMEXaHIUHa CUCTeMa 3 IIPY’KHUM 3B’I3KOM
PUKI, pen b A b P py.



Ta QPUKLIHUM HABaHTAXKEHHSIM i KBa3iHEMPOPETyIsITOPOM, IPEACTAaBIEHA Y MOIU(IKOBAHMX y3araJbHEHUX
6e3po3MipHUX MTapaMeTpax. MeTa poO6OTH — CTBOPEHHS METOIVMKY CUHTE3y Y MOAN(IKOBaHUX y3arajbHEeHUX
0e3p03MipHUX NTapaMeTpax JBOMACOBOI €JIeKTPOMEXAHIYHOI CUCTEMU 3 NIPY’KHUM KiHEMATUYHUM 3B'SI3KOM i
HeJIiHINHMM (PPUKLiTHUM HAaBaHTAXEHHSM Ta KBa3iHENPOPETYIITOPOM, L0 3abe3euye YCYHEHHS (PPUKLIHUX
aBTOKOJIMBaHb. 3a pe3ysbTaTaMU JOCJiIKeHb OTPUMAaHO HACTYIIHI HAyKOBi Pe3yJIbTaTh: — PO3POGIEHO
MaTeMaTUYHy MOJeJIb IBOMacOBOi eJleKTpOMeXaHiyHoi cucTemMu B MO (iKoBaHUX y3araabHEHUX 6€3PO3MipHUX
napaMeTpax 3 ypaxyBaHHsIM (PPUKLiIHOI HeJliHITHOCTI Ta KBa3iHEHPOPETYIITOPOM; — Ha OCHOBI MeTony D-
PO30UTTS OTPUMAHO aHAJIITUYHI CHiBBiAHOIEHHS 17151 BU3HAYEHHS MEX CTIMKOCTi CUCTeM, 110 J03BOJINJIO
nepeBipuTy pobOTy CUCTEMHU Ha MeXKi CTIKOCTI Npy BUHUKAHHI GPUKLIMHNX aBTOKOJIMBaHb; — BUBE[EH] aHaJIITUYHI
CIIiBBiJHOLIIEHHS JJ1s1 PO3PaxyHKy BaroBux KoeilieHTiB KBaziHepoperyssitopa y MoAU(pIiKOBaHUX y3arajJbHEHUX
6€3p03MipHHUX NTapaMeTpax, sIKi 3a06€3I1eUyI0Th 33JjaHi IOKA3HMKU PETyJI0BaHHS (IIPU IepeMillleHH]I po6040i TOUKU
110 Na/Ial0Yiil AissHLI MeXaHiYHOI XapaKTepUCTUKU (PPUKLIHOTO HaBaHTAKEHHS) Ta CTiMKiCTb CUCTEMHU; —
3aIPOIIOHOBAHO CTPYKTYPY KBaziHelpoperyssTopa i3 3HaueHHsIMU HOro BaroBux Koe@illieHTiB 3a ofilep>kaHuMU
aHaJIITUYHUMHU CIIiBBiIHOLIEHHSIMY, SIKA 3a0€311e4y€e YCYHEHHS GPUKLIMHAX aBTOKOJIMBAHb i3 BUKOPUCTAHHSM JIMIIE
OJlHi€l KOOPJMHATH JI71s1 3BOPOTHOTO 3B'$13Ky — MIBUJKOCTI APYroi MacH; — pe3yJIbTaTu MOJIE/IIOBAHHS Y CEPeLOBUILi
MATLAB /Simulink po3iMKHeHOi Ta 3aMKHYTOi CHUCTEMU 3 KBa3iHEIPOPETYJIATOPOM y TUIIOBUX PEXXUMaxX poOb0OTH
NiATBEPAUIY aJl€eKBAaTHICTb Pe3yJbTaTiB TEOPETUYHUM I1OJIOKEHHSIM PO60TU Ta (i3UUHIN CYTHOCTI JOCTiIKYBaHUX
IVHaMiYHUX npoueciB. [I[pakThyHe 3HaY€HHS] OTPMMAHUX PE3YJIbTaTiB MOJISITae y HACTYIIHOMY: — PO3p0o6JieHa
MeTO/IMKa CUHTEe3Y KBa3iHelpoperyJsiTopa 3abesnedye MOXJIMBICTb BIIPOBAIKEHHS KEPYBaHHS y TPOMHUCIJIOBUX
CHACTEMax aBTOMaTU30BAHOTO €JIEKTPOIIPUBOAY, [I€ CYTTEBO IIPOSIBIIIOTHCS MIPY>KHI BIACTUBOCTI KIHEMAaTUYHUX
3B'S13KiB Ta HAsIBHICTb [1a/1a1040] OiISIHKY MEXaHIYHOI XapaKTe€pPUCTUKN HaBaHTAXEHHS (IIpY 1031, IPOKOB3yBaHHi Ta
iH.). KBazinelpoperynaTop, CHHTe30BaHUH 32 pO3pOOIEHOI0 METOAUKOIO, 3a0€31e4ye YCYHEHHS PPUKLIMHNX
aBTOKOJIMBAHb, 5Ki € HETIPUIHATHUMU B YMOBaX €KCIIyaTallii; — BAKOPUCTaHHS MOIu(]iKOBAaHUX y3arajlbHEHUX
0e3p03MipHUX NTapaMeTpiB 3abe3redye MOXIMBICTb BUKOPUCTaHHS 3alIpOIIOHOBAHOI METOIMKY JJ1s1 LIMPOKOTO
KJIacy €JIEKTPOINPUBO/IiB MAIlIMH i MEXaHi3MiB; — CTBOPEHA B POOOTi KOMITIOTEPHA MOZEJNb y CEPELOBULL]

MATLAB /Simulink moxke 6yT1 BUKOPUCTaHA IIPYU TPOEKTYBAHHI CUCTEM €JIEKTPOIIPUBOJA 3
KBa3iHeMPOPEryIsiTOPOM; — Pe3yJIbTaTh KOMITIOTEPHOT'O MOJIEJIIOBaHHS Ta aHAJIITUYHI BUCHOBKU MOXYTb OyTU
BAKOPMCTaHI y HaBYaJIbLHOMY IIPOLECi TEXHIYHMX YHIBEDCUTETIB y Kypcax 3 aBTOMaTH3alii, Teopii KepyBaHHA Ta

eJIeKTpOMeXaHi‘{HI/IX CUCTEM €JIEKTPOIIPpMUBOAA.

2. This dissertation is devoted to solving a scientific and technical problem related to the development of new and
the improvement of existing methods for synthesizing a quasi-neuroregulator for a two-mass electromechanical
system with an elastic kinematic connection and a nonlinear frictional load, aimed at eliminating friction-induced
self-oscillations. The object of the research: Dynamic processes in a two-mass electromechanical system with
negative viscous friction and a synthesized quasi-neuroregulator that eliminates frictional self-oscillations. The
subject of the research: Methods and tools for synthesizing a two-mass electromechanical system with elastic
coupling, frictional load, and quasi-neuroregulator, represented in modified generalized dimensionless
parameters. The aim of the dissertation is to develop a synthesis method in modified generalized dimensionless
parameters for a two-mass electromechanical system with an elastic kinematic connection, nonlinear frictional
load, and a quasi-neuroregulator that ensures the elimination of friction-induced self-oscillations. The study has
produced the following scientific results: - a mathematical model of a two-mass electromechanical system was
developed in modified generalized dimensionless parameters, taking into account frictional nonlinearity and a
quasi-neuroregulator; - using the D-decomposition method, analytical expressions were derived for calculating
the stability boundaries of the system depending on generalized dimensionless parameters; - analytical
expressions were derived for calculating the weighting coefficients of the quasi-neuroregulator in modified
generalized dimensionless parameters, which ensure specified control performance indicators (when the
operating point moves along the descending section of the mechanical friction characteristic) and system stability;
- a structure of the quasi-neuroregulator was proposed with weighting coefficient values obtained from the
derived analytical expressions, which ensures the elimination of frictional self-oscillations using only one



coordinate for feedback - the velocity of the second mass; - the results of simulations in MATLAB /Simulink of
both open-loop and closed-loop systems with the quasi-neuroregulator under typical operating modes confirmed
the adequacy of the results with the theoretical foundations of the work and the physical nature of the studied
dynamic processes. The practical significance of the obtained results is as follows: - the developed synthesis
methodology for the quasioneuroregulator makes it possible to implement control in industrial automated
electricodrive systems in which the elastic properties of kinematic couplings and the presence of a fallingoslope
segment in the mechanical load characteristic (e.g., stiction, slip, etc.) are significant. The quasioneuroregulator
synthesized according to this methodology ensures elimination of frictionoinduced selfooscillations that are
unacceptable in service; — the use of modified generalized dimensionless parameters allows the proposed
methodology to be applied to a wide range of electricodrive systems for machines and mechanisms; - the computer
model created in the MATLAB /Simulink environment can be used in the design of electricodrive systems with a
quasioneuroregulator; - the results of the computer simulations and the analytical conclusions can be incorporated
into the curricula of technical universities in courses on automation, control theory, and electromechanical drive
systems.
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