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This research focuses on the DC microgrid system combined
with the photovoltaic (PV) arrays and the control mechanics for
maximum power point tracking (MPPT) as its object. The main
problem tackled is that power extraction from PV systems is very
inefficient due to variation of the environment or load that conven-
tional MPPT approaches cannot effectively handle. The superior
MPPT performance of this study’s novel dual mode model predictive
control (MPC) approach is derived from a new dual mode model
predictive control (MPC) approach. The implemented system shows
RMSE of 7.0085 for conventional MPPT methods, whereas tracking
efficiency is maintained within between 94.8 % to 97.2 % of the maxi-
mum power, which is available. Under standard test conditions, the
system achieved less than 0.15 sec response time and less than 0.45 sec
settling time, while degrading less, yet handling various environ-
mental changes. It is due to the MPC’s predictive capability and
real time optimization framework. The major contributions of the
proposed solution, among others, include its dual mode design that
supports both left and the right side regions in the PV curve together
with the integrated charging management of the battery, as well as
its robust constraint handling that enables safe operation and maxi-
mal power extraction. This system is well suited to implementation
in small to medium scale DC microgrids that can be tolerant of up
to 800 W/m? per second of irradiance variations and up to 50 °C
temperature range and demonstrated several hundred kilocycles
hours of stability. The solution can offer practical benefits to the
grid connected and standalone PV systems with the requirements
of rapid response to environmental change and high extraction
efficiency of power.
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The object of the study is a capacitor exciter with variable
topology, designed to operate as part of an autonomous induction
generator. Insufficient efficiency of controlling the excitation level
of an autonomous induction generator when changing the speed
of the drive turbine and the load impedance has been established.
This reduces the quality of the generator output voltage. The pos-
sibility of using an exciter circuit based on a mixed connection
of capacitors has been analyzed. The influence significance of
the groups number and the number of capacitors in each group
on the range width and the adjustment step has been confirmed.
In particular, increasing the values of the specified factors from
2 to 4 expands the adjustment range by 16 times, and the number of
steps by 827 times. With the selected intervals of factors variation
and a significance level of 0.05, the influence of the capacitors value
changing step, compared to the base one, on the relative value of
the exciter capacitance changing step is recognized as insignificant.
The total capacitance of the exciter depends significantly nonlin-
early on the number of the topological state. An increase in the
total capacitance is accompanied by a raising in the intensity of
its growth. This allows to minimize the step change in the total
capacitance (with a probability of 0.88 — up to 0.003 % of the control
range width). The resulting regression mathematical model can be
used to optimize the exciter structure for an autonomous induction
generator of a specific type. Increasing the number of control stages
will enhance the accuracy of forming the capacitive excitation cur-
rent of the generator and compensating the load current inductive
component. The use of an exciter with a variable topology will in-
crease the efficiency of voltage control of an autonomous induction
generator when changing the speed of the drive turbine and the
load impedance.

Keywords: induction generator, capacitor exciter, autonomous
power grid, voltage quality, reactive power, microgrid.
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The object of the study is multicylinder marine diesel installa-
tions equipped with electronic speed governors (ESGs) operating
under wave disturbance conditions. Modern marine diesel engines
used in ship power plants are equipped with ESGs which have the
technical capability to adjust the sensitivity of the governor’s input
signal. This parameter allows modifying the governor’s response
to high-frequency disturbances, which is a characteristic feature of
diesel engine operation. However, assuming constant engine speed
throughout the working cycle overly idealizes the governor’s input
signal. This leads to distorted optimal settings and reduced speed
stability, especially under variable load torque conditions on the
propeller shaft. To improve the efficiency of the automatic speed
control system, a specialized model of a multicylinder marine diesel
engine as a speed control object has been developed. This model
takes into account the influence of cyclic torque instability on the
governor’s input signal across the entire operating range of diesel




engines of various stroke types, speeds, and numbers of cylinders.

For the two- and four-stroke marine main diesel engines HYUNDAI-
MAN B&W 6S60MC-C7 and MaK 9M25C under study, modeling
determined the governor sensitivity optimal settings for different sea
wave disturbance intensities and periods. The model’s capabilities

for calculating changes in cylinder gas pressure in diesel engines of

different stroke types enable an analysis of non-uniformity in work-

ing processes during the optimization of ESGs and determining the
optimal combination of their tuning parameters. These findings
allow improving the stability of automatic speed regulation over

the entire range of possible operating conditions of main marine

diesel engines.

Keywords: vessel’'s main engine, electronic speed governor, cy-

clic instability, deadband control.
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IMPOEKTYBAHHSA TA ONITUMI3SAIISA MOJEJII ITPOTHO3YBAJIbHOT'O KEPYBAHHSA (MIIK) /11 EHEPTOE®EKTUBHOI
MIKPOMEPEXI (c. 6-16)

Jawaher M S H Taher

Ile mocipkeHHS 30cepe/pKeHo0 Ha CHCTeMi MiKpoMepeXxi IOCTilfHOro CTpyMy B ITO€AHAHHI 3 (DOTOEJeKTPUYHUMK MAacHBAMU Ta Mexa-
HIKOIO KepyBaHHS ISl BifICTE)KEHHSI TOYKM MakKcHMasbHOI moTyxkHocTi (BTMII) sik iforo o6’ekra. OCHOBHa Ipo6iieMa, sika BUPIlIyBaIach,
TI0JISITAE B TOMY, IO BifIGip eeKTpoeHeprii Bifj (hOoTOEIeKTPIUYHNX CHUCTEM € AyKe Hee()eKTHBHUM 4depe3 3MiHy HaBKOJIMIIHBOTO CepejOBUINA
200 HaBaHTaXKEHHS, 3 IKUMM 3BMyaitHi migxoxu BTMII He MOxyTb e()eKTUBHO BriopaTucs. Bucoka npogykrreHicTs BTMII B HOBOMY HiAXOAi
TIPOTHOCTUYHOTO KepyBaHHS IOZBIHOI MOJIEJIJIIO I[bOTO JIOCIi/PKEHHS OTPUMaHa Ha OCHOBI HOBOTO Mi/IX0/y TIPOTHOCTUYHOTO KepyBaHHS
nozBiitHOI0 Mozesutio (MITK). BripoBa/pkeHa crucTeMa IoKas3ye CepeiHbOKBAZPAaTUYHy ITOMIIKY 7,0085 siy1s1 3BU4aitHuX MetoziBs BTMII, Tozxi
SIK e(peKTUBHICTD Bi/ICTeXKEHHSI MiJTPUMYEThCS B MeXKax Bifi 94,8 % 110 97,2 % Bifi MAaKCHMAaJIbHOI JJOCTYIIHOI ITIOTY>KHOCTI. 3a CTAaHaPTHUX YMOB
TeCTyBaHHS CHCTeMa J0CAIVIa MeHIne Hixk 0,15 ceKyH/J1 Jacy BiJ[Il'yKy Ta MeHII Hixk 0,45 CeKyH/IA 4acy BCTaHOBJIEHHs, IIPX IbOMY IIOTipIIIy-
IOYMCh MEHIIIE, aJIe IIPY LIbOMY BIIOPaBUIMCh i3 PI3HMMU 3MiHaMU HaBKOJIMIIHBOTO cepefoBula. Le 3aBIsaKU MOXKIUBOCTAM IIPOrHO3YBaHHS
MIIK i cuctemi orrtuMizanii B peasibHOMy 9aci. OCHOBHI ITepeBaru 3aIipoIIOHOBAHOTO PillIeHHS, Cepef] iHIII0T0, BKJIIOYAIOTh HOT'0 ABOPEXKUMHY
KOHCTPYKIIi0, IKa IiAATPUMY€E SIK JIiBY, Tak i mpaBy 6iuHi o6sacTi (hOoTOENIeKTPUYHOI KPHBOI pa3oM i3 iHTerpoBaHUM KepyBaHHSIM 3apsiKaH-
HsIM Garapei, a TaKO)XX Horo HajiliHy 06po6Ky 0OMeXeHb, 110 3a0e3reuye Ge3reyHy pobOTy Ta MaKCHMaslbHe BUJIyYeHHsI eJIeKTPOeHeprii.
15 cucrema mo6pe MiXOAWTH IS BIIPOBA/PKEHHS B MAJIMX i cepefjHiX MiKpoMepe)kaX IOCTiifHOro CTpyMy, SIKi MOXXYTb BUTPHUMYBATH [0
800 Br/m? 3a CeKyH/ly KOJIMBAaHb BHIIPOMIHIOBAHHS Ta TEMIIEPATYPHU Ajanason o 50 °C i IpojeMOHCTPYBaIU KiJIbKa COTEHb KiJIOLMKIIB
TOJIMH CTabiNbHOCTI. PillleHHsT MOYKe 3aIIpONOHYBaTH MTPAKTUYHI ITepeBary AJIs MiIKI0UeHHX /0 MepeXXi Ta aBTOHOMHUX (POTOEJIeKTPUYHNX
CHCTEM 3 BUMOraMU IIBUJKOIO pearyBaHHs Ha 3MiHM HAaBKOJIMIIHBOTO CEpPeJOBUIIA Ta BUCOKOI e()eKTUBHOCTI BUIyUYeHHs eJeKTpoeHeprii.

Korro4oBi coBa: Moziesb ITPOTHO3HOTO KepyBaHHs, (POTOEJEKTPUUHI CUCTEMH, MiKpoMeperka IOCTIHHOTO CTpyMy, AeLleHTpali3oBaHe
KepyBaHHs.
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BU3HAYEHHS PETVJIIOBAJIBHOT XAPAKTEPUCTUKU KOHTEHCATOPHOTO 3BV/IDKYBAYA 31 3SMIHHOIO TOIIOJIOTIEIO
U1 ABTOHOMHOI'O ACHHXPOHHOI'O TEHEPATOPA (c. 17-25)

C. B. Bacuenps, K. C. Bacuiens, B. B. Inbuyk

OG6’eKTOM JI0CTI/PKEHHS € KOH/IEHCATOPHUI 36y/)KyBad 3i 3MiHHOIO TOITOJIOTi€T0, TPU3HAYEHUH! /i1 pOOOTi y CKJI1ajli aBTOHOMHOT'O aCUH-
XPOHHOTO TeHepaTopa. BcTaHOBIEHO HEOCTaTHIO eeKTUBHICTh KepPyBaHHsS piBHeM 30y/)KeHHs aBTOHOMHOTO aCMHXPOHHOTO IeHepaTopa
IIpM 3MiHi 4acTOTH 06epTaHHS IPUBOAHOI TYpOiHM Ta iMIIeZIaHCy HaBaHTaXKeHHs1. 1]e 3HIDKye AKicTh BUXi/HOI Hanpyru reHeparopa. I[IpoaHa-
J1i30BaHO MOMUIMBICTB 3aCTOCYBATH cXeMy 30y/PKyBadya Ha OCHOBi 3MillIaHOTO 3’€/JHaHHS KOH/leHcaTopiB. IliTBep/KeHO 3HAYUMICTh BILUIUBY
KIJIBKOCTI I'pyTI Ta YHMCJIa KOHZIEHCATOPIB Y KOXKHIH TPyIIi Ha IIMPUHY Aialla30HY Ta KPOK PEry/TI0BaHHS. 30KpeMa, 301/IbIIeHHS BeJTMUMH BKa3a-
HUX (aKTOPIB 3 2 /10 4 PO3IIMPIOE Jlialla30H PEry/ItoBaHH:A B 16 pasiB, a KiJbKicTb KpokiB — y 827 pasis. IIpu 06paHuX iHTepBaiax BapiloBaHHS
(axropis Ta piBHI 3HauymOCTi 0,05 BIUIMB KPOKY 3MiHM EMHOCT] KOH/IEHCATOPiB CXeMU, ITOPiBHAHO 3 6a30BMM, Ha BiJHOCHY BeJINIMHY KPOKY
3MiHU €EMHOCTI 30y/PKyBaya BU3HAHUI He3HavyuM. CyMapHa eMHICTb 30y/pKyBada CyTTEBO HeJIiHiHO 3aJIe)KUTh Biji HOMEpa TOII0JI0T{YHOTO
cTaHy. 3061/IbLIEHHS 3araIbHOI EMHOCTI CYTIPOBO/KYETHCS MiZABUIIEHHIM iHTeHCUBHOCTI 11 3pocTaHHs. Lle fae 3Mory MiHiMi3yBaTH KpOK 3MiHU
3araJpHOI eMHOCTI (3 iMoBipHicTIO 0,88 — 110 0,003 % Bif IMPUHM Aiana3oHy peryaoBaHH:). OfjepykaHa perpeciliHa MaTeMaTHYHA MOJEJIb
Mo)ke OyTH BUKOPHCTaHA IIPU ONTUMI3aLil CTPyKTYpH 30y/pKyBada AJIsi aBTOHOMHOI'O aCHHXPOHHOT'O I'eHepaTopa KOHKPETHOro THITY. 36i/1b-
LIEHHS KUIBKICTh CTYIIEHIB PeTy/IIOBaHHS J[03BOJIUTH MiABUIIUTH TOYHICTh (POPMYBAHHS EMHICHOTO CTPyMY 30y/[KEHHSI TeHepaTopa Ta KOM-
reHcanii iHlyKTUBHOI CKJI/[OBOI CTPYMy HaBaHTaXKEHHS1. 3aCTOCYBaHHS 30y/KyBaya 31 3MiHHOIO TOII0JIOTi€l0 MiABUIIUTE e(heKTUBHICTb Kepy-
BaHHS HAIIPyrol0 aBTOHOMHOT'O aCMHXPOHHOT'0 TeHepaTopa MpH 3MiHi 4aCTOTH 06epTaHHsI IPUBOAHOI TypOiHU Ta iMITelaHCy HaBAaHTXKEHHS.

KUrro4oBi cjioBa: aCHHXPOHHUI reHepaTop, KOH/IEHCATOPHUI 30y/pKyBay, aBTOHOMHA eJIEKTPOMeperKa, SIKiCTh HaIllpyTr'H, peaKTHUBHA I10-
TY>HiCTb, MiKpOTpiz.
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OIITUMISANIA HAJIAIITYBAHHA YYTJINBOCTI EJIEKTPOHHHUX PEI'YVJIATOPIB YACTOTH OBEPTAHHSA CY/THOBUX
JHU3EJIIB (c. 26-35)

M. I. Byaypos, C. 1. Top6, O. 0. IlonnoBchKHit

O6’eKTOM JJOCIII/KEHHS € 6araTOIMIiHAPOBI Cy/IHOBI AM3€/IbHI YCTAHOBKH 3 €IEKTPOHHUMM PETY/IITOpaMH 9acToTu obeprarHs (PUO), ski
€KCILTyaTyI0TbCsSl B yMOBaX MOPCBKOT'O XBU/IIOBaHHs. Ha cy/jHax cCBiTOBOro TOProBoro (ioTy BUKOPUCTOBYIOThCS CydacHi Ju3eJi, yrpaBIiHHs
YaCTOTOI0 00epTaHHS SIKUX 3/ilICHIOEThCS eIeKTPOHHUME PUO, sIKi MaroTh TEXHIYHY MOXKJIMBICTD PETY/IIOBATH YyTVIMBICTh BXi[HOTO CUTHAJLY.
Tleit mapameTp /103BOJIsIE 3MIHIOBAaTH PEaKIlil0 Pery/IsITOpiB Ha BUCOKOYACTOTHI 30ypeHHs, 1110 € XapaKTEPHOI0 OCOOIUBICTIO POOOTH JIU3EIiB.
OfiHaK MPUIYLEHHS PO He3MiHHICTh YacTOTH 06epTaHHs BIIPOJOBXK POOOUOTro UKy HaZIMiPHO iZieasTi3yroTh BXiJHUI CUTHAJ PeryasTopa.
Ile cipuYMHSE CIIOTBOPEHHS ONTHMAJbHUX HAJIAIITYBaHb i 3HIDKYE CTaGLIBHICTD MIBI/KICHOTO PEXMMY, OCOOIMBO 32 3MiHHOTO MOMEHTY



OTI0py Ha rpe6GHOMY BasTy. 3 METOIO MiBUINEHHS e(heKTUBHOCTI aBTOMATUYHOTO PETYTIOBAHHS YaCTOTH 00€pPTaHHS po3po6IIeHO CrelliaTi3oBa-
HY MO/IeJIb CyZJHOBOT'O GaraTolMJIiHPOBOro Ju3esisi. BoHa BpaXoBye BIUIMB IMKJIOBOI HECTAGLIBHOCTI KPyTHOrO MOMEHTY Ha BXiIHUIT CUTHAI
peryssiTopa B yChOMYy Jlialia30Hi po6OTH AM3eiB Pi3HOI TAKTHOCTI, YaCTOTU 0O6epTaHHS Ta KiJIbKOCTI UIIHAPIB. 7151 ZOCIiKYBaHUX JIBO- Ta
YOTUPUTAKTHOrO rojoBHUX AusesniB HYUNDAI-MAN B&W 6S60MC-C7 ta MaK 9M25C Moze/IroBaHHAM BU3HA4Y€Hi 3HA4YE€HHS ITapaMeTpiB
HaJIalITyBaHHs YyTJMBOCTi pPeryaaTopa IpY XBUJIIOBaHHI Mopsl pi3HOi iHTEHCHBHOCTI Ta mepiofii 30yproBajbHOrO BILIMBY. IIpescraBieHi
MOMUIMBOCTI IIOJ0 PO3paxXyHKy 3MiHU THUCKY Ta3iB B IUIiHApaX JU3eJIiB Pi3HOI TAKTHOCTI JO3BOJIAIOTh aHaIi3yBaTH BIUIMB HEPiBHOMIipPHOCTI
po6ounx rnpouecis mij yac ontuMizanii eekrpoHHUX PYO Ta 3HAXOKEHHI ONTUMAIBHOrO IOEAHAHHS ITapaMeTpiB HalaTyBaHHA. OTpu-
MaHi pe3y/IbTaTh [J03BOJISIOTh MiBUIUTH CTAOiIbHICTh aBTOMAaTMYHOTO PETy/IIOBaHHS YacTOTH OOEPTaHHS B YChOMY Ziara3oHi MOXKJIUBHX
eKCILTyaTal[ifHUX PeXKUMiB FOJIOBHUX JAU3EJiB.
KUrro4oBi cyroBa: rojIoBHUI IBUTYH CyAHA, €JIeKTPOHHUM PeryJIsiTop YacTOTH 00epTaHHS, IUKIiYHA HecTabiIbHICTh, HEUYTIUBICTb.



