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2. The concept of control systems development for marine steam power plants

Pedepar:

1. Y nuceprauiiiHiil po60Ti PO3IJIIHYTO HAYKOBO-IIPUKJIQIHI IMTaHHS, 10 N1OB’s13aHi 3 IpobjemMaMy PO3pooKU
cynHoBux CAY arperaris (CygHOBUX eHepreTnyHux yctaHoBOK) CEY i excrinyarauii CIIEY, akTyasnbHi HallpssMKy B
o6nacti mogepHisauii CAY i aganrauii arperaris CIIEY no ymoB ekcmtyarauii. [IpoBeieHO napaMeTpuyHy
inentudikarito nincucrem CITY. Po3paxoBaHo koedirieHTr piBHSIHb AuHaMiku napameTpiB CIIY mpu itoro po6oTi Ha
TPbOX TEIJIOBUX PEKMMaXx i BUBHAYEHO iX CTYIiHb aleKBaTHOCTI. Ofiep>kaHo HOBI AudepeHLiliHI piBHSIHHS
JokanbHUX cucreM CIIY, SKi J03BOJISIOTH OLIHUTY BIUIMB yIIPaBJsiiounx Oii CAY Ha Nponecu BUHUKHEHHS XiMIYHOI
Ta eJIEKTPOXiMiYHOI Kopo3ii B ennemenTax CIIY. 3a IONOMOrow0 HaTYpHUX €KCIIEPUMEHTIB Ha Oil04NX JOIIOMIKHUX
CIIV Mitsubishi MB, ananorax CI1Y - Bupo6Hnyux naposux koraax I'M i JKBP Ta cygHOBUX eMysiaTOpax 6yJs10

BM3HAUYE€HO MaTeMaTU4Hi MOJEJIi IO KaHalaM YIPABJIiHHS i 30ypEeHHS 4J1s1 TOJIOBHUX, NOMOMDKHUX, YTUJII3aliiHAX



ta KoM6iHOBaHUX CI1Y i OLliHEHO TOYHICTh OTPUMAHUX MOZeIel. Mozesi MOXKYTb 6yTH BUKOPUCTaHI B MOAAJIbIINX
IocigkeHHsaX BracTuBocTer CIIY 3 METOIO MOJIINIIEHHS iX €KOJIOTIYHUX | EKOHOMIYHUX XapaKTEPUCTHUK.
[IpoBeneHo po3pobKy HelipoMepeskeBux cucteM ineHtudikauii i ynpassninss CITY. 3anpoloHOBaHO yHiBEPCAJIbHY
aJaNTMBHY HEMPOMEDPEXKEBY CUCTEMY YIIPABJIiHHS NIPOLECOM rOpiHHS pigkoro nanusa B Tonkax CIIY, sxa no3soJise
MiHiMi3yBaTi BMICT WIKiJIMBUX BUKUIIB B aTMOC(ePY. AMPOOOBAHO METOAU PO3POOKU HEMPOMEPEKEBUX CUCTEM
MOHITOPHUHTY i onTUMi3allii eKoJIoriYHMX oka3HUkiB podoTu CITY Ta nokazaHo ix e(peKTHUBHICTb B [IOPiBHSHHI 3
tpaguuiinumu CAY. [IpencrasieHo i arpo60BaHO METOAMKY PO3POOKY, HAJIAIITYBAHHS i €KCILTyaTallii
HelipomepeskeBoi CAY peunpKysuii 4umoBux rasis B Tonky CITY, sika 3HmKye BMicT NOX 10 54 %. Po3po6sieHo
HeripomepexeBy CAY onrtumisallii BUTpaTy Nannsa 32 paxyHOK KOHTPOJIIO I0/a4i NOBITPS B TONKY i razoxip CITY,
KOpeklii KoedilieHTa HaJIMIIKy MOBITPS, BUXO4YU 3 IApOBOro HaBaHTaXeHHs arperatis CEVY ta TypOysizaropa,
o po3soJige 36inbmmnti KK 6pyrTo CIIY 1o 6 % B 3ay1€5KHOCTI Bifj TEIJIOBOrO HABaHTAXXEHHS i CTaHy [TOBEPXHI
HarpiBy. KJII040Bi c/10Ba: CyJHOBA apOr€HePyloYa YCTAHOBKA, MaTEMAaTUYHA MOJIEJb, CUCTEMA YIpaBiiHH4, [11-

PETyJATOp, TEMJIOBUN PEKUM, HEUITKA €KCIIEPTHA CUCTEMA, HEIPOMEPEXKEBUN PETYJISITOP.

2. The first section deals with scientific and applied issues related to the development and operation of ship
automated control system (ACS), current areas in the field of modernization and adaptation of ACS ship steam
boilers. Based on the analysis of existing problems associated with the development and operation of ACS ship
steam generating units (SGU), the purpose and objectives of the dissertation research. The purpose and tasks of
research are put, the scientific hypothesis about urgency of use of intellectual methods and algorithms in
processes of development, modernization and adaptation of ACS of water-tube SGU of wide constructive purpose
is put forward. In the second section the parametric identification of SGU subsystems is carried out. The
coefficients of the equations of the dynamics of the SGU parameters during its operation at three thermal regimes
are calculated and their degree of adequacy is determined. New differential equations of local SGU systems are
obtained, which allow to estimate the influence of ACS control actions on the processes of chemical and
electrochemical corrosion in SGU elements. By means of full-scale experiments on operating auxiliary SGU
Mitsubishi MB, analogs of SGU - production steam boilers GM and DKVR and ship emulators, mathematical models
were determined by control and perturbation channels for main, auxiliary, utilization and combined SGU, and the
accuracy of the obtained models was evaluated. In the third section the modeling of nonlinear SGU systems is
performed. Based on the simulation results performed in the System Identification Toolbox, a wide class of
nonlinear Wiener-Hammerstein models that implement a neural network, nonlinear ARMAX models and other
models that allow to describe the experimental processes of controlled SGU parameters with a high degree of
adequacy. The expediency of introducing a nonlinear model of regular wave oscillations in the form of the van der
Pol differential equation (oscillator with nonlinear attenuation) as an additional component of the external
perturbation channel for effective analysis of the stability of ship ACS SGU by Rauss - Hurwitz method, which
reduces the occurrence of emergencies. The combined expert criterion of an estimation of efficiency of process of
adjustment of ACS of parameters of SGU is offered and tested and research of methods of adaptive management of
units of SGU is carried out. The fourth section identifies methods for developing fuzzy output systems, which
allow to obtain optimal quality indicators of transients of control systems of SGU parameters and to provide
support of the set thermal regime of SPU. An expert system of adaptation of setting parameters of a standard
regulator has been developed, which operates on the basis of identification of indicators of operational processes
of SGU. The efficiency of the proposed methods and expert systems that implement the theory of fuzzy logic is
shown. It is noted that the use of expert systems ensures the adaptation of the SGU to the operating conditions
and the maintenance of the specified thermal regime of the SGU without significant deviations. Also, maintaining a
given vapor pressure with the proposed system helps to reduce emergencies by 25 % and slow down the growth of
chemical corrosion in the elements of the SGU, ie in general increase the reliability of the SPU. The developed
methods form the basis of a new concept of creating highly efficient ACS. In the fifth section, the development of
neural network systems for identification and control of SGU. A universal adaptive neural network control system
for the combustion of liquid fuel in SGU furnaces is proposed, which allows minimizing the content of harmful
emissions into the atmosphere. Methods of development of neural network systems of monitoring and



optimization of ecological indicators of SGU work are tested and their efficiency in comparison with traditional
ACS is shown. The method of development, adjustment and operation of the neural network ACS of flue gas
recirculation to the SPU furnace, which reduces the NOx content to 54 %, is presented and tested. Developed
neural network ACS optimization of fuel consumption by controlling air intakes in the furnace and flue SGU,
correction of excess air, based on the steam load of the units SGU and turbulizer can increase the gross efficiency
of SGU up to 8 % depending on heat load and heating surfaces. Key words: ship steam generating installation,
control system, mathematical model, PI-controller, thermal regime, fuzzy control system, neural network
regulator.
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