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AHOTALIS

Kpyron M.M. IligBumienHs eHeproeeKTUBHOCTI CHUCTEM BIJIACHUX TIOTPeO
TEIUIOBUX €JeKTpUUHUX cTaHmii. — Ksamidikamiiina HaykoBa mpaisi Ha MpaBax
PYKOIIHCY.

Hucepraitis Ha 3000yTTS HAYKOBOTO CTYIEHS KaHAMJATa TEXHIYHUX HAyK 3a
cnemianbHicTio 05.14.02 «EnextpuuHi cranuii, Mepexi 1 cucremu» (14 — Enextpuuna
1HxeHepis) — HanionanbHMi TEXHIYHUI yHIBEPCUTET «XapKIBCHbKUM MOJITEXHIYHUIMA
THCTUTYT», M. XapkiB, 2020 p.

JucepTarllis npucBsYeHA MIABUINEHHIO €HEProe(eKTUBHOCTI Ta 3MEHIIECHHIO
BUTpAT €JIEKTPUYHOI €Heprii B CUCTEMax BJIACHUX IMOTPeO TEMIOBHUX EIEKTPUYHUX
CTaHIIl 3a paxyHOK BIPOBAKEHHS I'PYHOBOIO PEryJIOBAHHS YaCTOTH KUBUJIbHOI
HAIMPYTH ACUHXPOHHUX JIBUTYHIB, 110 MIPUBOISTH B JIII0 MEXaHI3MH BIIACHUX MOTPEO.

Jlnst nocarneHHs i€l MeTu Oy MOCTaBJICH] 3aa4i:

— NOCHIIUTU CTPYKTYPY CIOKHUBAHHS €NIEKTPUYHOIT €HEPrii B CUCTEMaX BIACHUX
noTped TEIIOBUX EIEKTPUUHUX CTAHIIIN B 3aJIEXKHOCTI BiJl PEKUMY iX pOOOTH;

— BUKOHATHU aHaJi3 OCHOBHUX CHOCOOIB PEryJtOBaHHS MapaMeTpiB MEXaHi3MiB
BJIACHUX TIOTpe0 TEIUIOBUX EJEKTPUYHUX CTaHINM, 10 MPUBOIATHCS B IO
CJIEKTPUYHUMU JIBUTYHAMU;

— PO3BUHYTH MaTe€MaTH4HI MOJIeJi OCHOBHHMX MEXaHI3MIB BIIACHUX MOTpeO
TEIJIOBUX EJIEKTPUYHMX CTAHIIIM, K HABaHTAXXyBaJIbHUX MAIIUH €JEKTPOIPUBO/IB, 3
ypaxyBaHHSIM PI3HUX CIIOCOOIB PETyJIIOBAHHS 1X MapaMeTpiB;

—IOCTIANTH MOKJIMBICTH BIIPOBA/XKEHHSI TPYMOBOTO KEPYBaHHS MEXaHI3MaMH
BJIACHUX TIOTpe0 TEIUIOBUX EJEKTPUYHUX CTaHINM, 10 MPUBOIATHCS B IO
ACMHXPOHHHUMH JIBUTYHAMU;

— PO3pOOUTH METOJIM BU3HAUEHHS ONMTUMAJIBHOI IPYIOBOI YaCTOTH YKUBUIBHOI
HAlpyrd AaCHHXPOHHUX JBUTYHIB TIpU BIPOBAIKEHHI TPYMOBOIO KEPYBAHHS

MeXaHI3MaM{ BJIACHUX MOTPeO TEIJIOBUX EJICKTPUYHHMX CTaHIIM, 110 BPaxOBYIOTh
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pexkuMHu poOOTH TPYMOBOTO CIOXKMBaya BJIACHUX MOTPEO TEIJIOBUX EIEKTPUUHUX
CTaHIIIH;

— JIaT¥ MPAKTUYHI peKOMEHAIII] 11010 3aCTOCYBaHHS Pe3yIbTaTiB JOCIIKCHb
3 METOI0 MiJABUIICHHS €HeproeeKTUBHOCTI CUCTEMH BIIACHUX MOTped XapKiBCHKOi
TEII-3.

O6’exT pochimkeHb — Gi3UYHI TPOIECH POOOTH EIEKTPOTEXHIYHOTO Ta
€JIEKTPOMEXaHIUHOTO o0saiHaHHs cucteM BiacHux norped TEC.

[IpenMeT moCIiKEHh — TApaMETPH Ta XapaKTEPUCTUKH OCHOBHUX CIIOKHWBAYiB
eJIeKTPUYHOI eHeprii B cuctemax BiacHux notped TEC.

Meroan nocmipkeHHs. B ocHOBy auceprarfiiiHoi poOOTH TMOKIaJACHO
CUCTEeMHHMM TIAXiA TPHU TPOBEICHHI TEOPETUYHUX Ta EKCIEePUMEHTAITbHUX
JNOCIIIKEHb, SIKUW 0a3yeThbcsl HA METOJIaX MAaTEMaTUUYHOTO MOJIEIIOBAHHS; YHCEIIbHUX
METO/IaX BUPINICHHS HETIHIMHUX pPIBHAHb, BHUKOPUCTAHHI METONYy HANMEHIINX
KBaJpaTiB ISl alpOKCUMaIlli TaOJIMYHUX MACTIOPTHUX XAPAKTEPUCTHK BIALIEHTPOBUX
MEXaHI3MiB; JIIHIMHOT IHTEPHOJdAIil JUCKPETHUX 3HAY€Hb I BHU3HAUYCHHS
XapaKTepUCTUK OCHOBHOTO YCTAaTKyBaHHS TEIUIOBUX CIIEKTPUYHUX  CTaHIIIN;
JUCKPETHOTO 0araToBUMIPHOTO TONIYKY JJIi BU3HAYCHHS MAaKCHMAJIbHUX 3HAYCHb
¢yukmii KK mpu BupimieHHl 3afadi 3HAXO/KEHHsSI ONTUMAJIbHUX IMapaMeTpiB
KepyBaHHS BiIIIGHTPOBUMH MEXaHi3MaMH, IO MPUBOAITHCS B IO ACUHXPOHHUMH
JIBUTYHAMU; METO/IaX CTATHCTUKH TPU aHaNi31 CTPYKTYPH CIIOKUBAHHS €JICKTPUUHOI
€HEeprii B CUCTEMaX BIACHUX MOTPEO TETUIOBUX €ICKTPUIHUX CTAHIIIM.

B po6oTi oTprimaHi Taki HAYKOB1 Pe3yJIbTATH:

— OTPUMAJTHU MOAATBIINN PO3BUTOK MaTEMaTHYHI MOl OCHOBHUX MEXaHi13MiB
BII TEC, ski Ha BiAMIHY BiJ BIAOMHX JO3BOJISIOTH MPOBECTH YTOYHEHHH aHaMI3 1
OTPUMATH 3arajbHy XapaKTEPUCTUKY CIIOXKMBAHHS €JIEKTPUYHOI €HEprii B cUcTeMax
BrnacHux notped TEC B pi3HUX pexxumax podoTH;

— OOTpYHTOBaHI1 OCHOBHI 3aca/li BUKOHAHHS €HEPro3aolla/KyI0unX 3aX0/IiB 3a

PaxyHOK BHJIUICHHS TPYI CIIOXUBA4IB €IEKTPUUHOT €HEPrii 3 OJIM3bKUMU PEKHUMaMU



3
podot B cucremax BiacHux mnotpe6 TEC, mo 103BONMIO  3HHU3UTH
KamiTaTOBKJIaACHHS TIPH MPOBEICHI MOJAEPHI3aIIii;

— BIIEpIIIE OTPUMAHO METOJ BU3HAYEHHS €JIEKTPUYHOI MOTYKHOCTI TPYyIIOBOTO
cnoxkuBaua BII TEC, skuii BpaxoBye croci0 peryiaroBaHHS HOro mapaMeTpiB, IIO
JI03BOJISI€ BU3HAUNTH 3araJIbHUN MOTEHIIa]l EHEPro30epexeHHS;

— BIIEpUIE 3alIPOINIOHOBAHO METOJ BU3HAYEHHS ONTHUMAIbHOI IPYNOBOi YaCTOTH
KUBWIbHOI Hanipyru AJl ans pizaux rpyn MexanizmiB BII TEC, mio BpaxoBye pexum
pobotu rpynoBoro crnoxuBaya BII TEC Ta #oro cepeanbo3Baxenuit KKJI, mio
J03BOJIMJIO JIOCATTH 3MEHILIEHHS CIOXMBAaHHSA EJICKTPUYHOI €HEeprii B CHUCTEMax
BrnacHux notped TEC.

JucepTarlis BUKOHaHA BIJMOBIIHO JO IUIaHIB HAyKOBHUX JIOCITIKEHb Kadeapu
CNEKTPUYHUX CTaHII HaioHambHOTO TEXHIYHOTO YHIBEPCUTETY «XapKiBChKHMA
MOJIITeXHIYHUN 1HCTUTYT» Ta y BignoBigHocti 10 HJAP MOH Vkpainu «Po3Butok
Teopii Ta HAYKOBO-METOJIWYHUX OCHOB [JI1 CTBOPEHHS 1 MojepHi3allli
TypOOreHepaTopiB, IO 3a/I0BOJIBHSIOTh CYyYaCHUM BHUMOTaM €JIEKTPOCHEPTeTHYHOI
cuctemu Ykpainm» (AP Ne 0115U000528). HJIP BukoHyBanack CIiJibHO 3 Kadeaporo
SJIEKTPUYHUX MAIIHH.

KirodoBi cioBa: TEIUIOBI €IEKTPUYHI CTaHIlli, CHUCTEMH BJIACHUX MOTpPEO,
MEXaHI3MHU BJIACHUX MOTPeO, TPYNOBE KEepPYBaHHs, TPYINOBE YAaCTOTHE PETYJIOBAHHS,
ACMHXPOHHI JIBUTYHA, CIIOKMBAaHHS €JNEKTPUYHOI €eHeprii Ha BJIacHi moTpeow,

MaTeMaTH4HE MOJICITIOBAHHS, PO3MOI1ILY1 IPUCTPOI BIACHUX TOTPEO.
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ABSTRACT

Kruhol M.M. Energy efficiency improvement of thermal power plant auxiliary
systems. — Qualified scientific work on the rights of the manuscript.

Dissertation for Candidate of Science Degree in Specialty 05.14.02 «Power
plants, networks and systems» (14 — Electrical Engineering) — National Technical
University "Kharkiv Polytechnic Institute", Kharkiv, 2020.

The dissertation is devoted to improving energy efficiency and reducing electric
power loss in auxiliary systems of thermal power plants by means of applying group
frequency regulation of induction motors that drive auxiliary mechanisms.

The following tasks were set to achieve the goal:

— to study auxiliary power consumption structure in thermal power plants as
function of their operation;

— to analyze the available parameter regulation methods widely applied to
thermal power plant auxiliaries driven by induction motors;

— to develop mathematical models of the main auxiliary mechanisms of thermal
power plants as load on electric drive taking into consideration various techniques of
the mechanisms operation parameter regulation;

— to study feasibility of group control application to thermal power plant
auxiliaries that are driven by induction motors;

— to develop techniques for specifying optimal group frequency of the induction
motors supply voltage under group control of the thermal power plant auxiliaries that
take into account operation conditions of the group auxiliary consumer ;

— to work out practical recommendations for implementation of the dissertation
research results in Kharkiv Combined Heat-and-Power Plant 3 aiming at improving
energy efficiency of the plant auxiliary system.

The object of research is physical processes occurring in electrical and

electromechanical equipment of thermal power plant auxiliary systems.
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The subject of research is parameters and characteristics of the main auxiliary
power consumers of thermal power plants.

Research methods. The dissertation research is based on the system approach to
conducting theoretical and experimental investigations that employs mathematical
modeling, numerical techniques for solving nonlinear equations, the least square
method for approximation of tabulated ratings of centrifugal mechanisms, linear
interpolation of discrete data sets for specifying characteristics of thermal power plant
permanent equipment, discrete multivariable search for determining maximum
efficiency values when solving an optimal control parameter problem for centrifugal
mechanisms driven by induction motors, statistics methods for analysis of auxiliary
power consumption structure in thermal power plants.

The following scientific results are obtained in the dissertation research:

— Mathematical models of thermal power plant auxiliary mechanisms have been
advanced, as compared with the available models, to allow conducting detailed
analysis and obtaining the general characteristic of auxiliary power consumption in
thermal power plants under various operation conditions.

— The basic principles of energy-saving measures realization in thermal power
plants through grouping auxiliary electricity consumers with close operating modes
have been substantiated, which allows reducing investments in energy efficiency
under the plant auxiliary systems renovation and modernization.

— A technique for determining power consumption of thermal power plant
auxiliary group consumer that takes into account the applied parameter regulation
method has been introduced, which allows specifying the general energy saving
potential for the plant auxiliaries.

— A technique for determining the optimal group frequency of induction motor
supply voltage for different groups of thermal plant auxiliaries that takes into

consideration operation conditions and weighted average efficiency of the auxiliary
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group consumer has been developed, which allows noticeably reducing auxiliary
power consumption in thermal power plants.

The dissertation has been performed according to the research plans of the
Department of Electric Power Stations in the National Technical University “Kharkiv
Polytechnic Institute” (NTU “KhPI”) and under Ministry of Education and Science of
Ukraine Research Project DR Ne 01150000528 “Development of theory and
scientific-and-methodological ~ basics for creation and modernization of
turbogenerators that meet state-of-the-art requirements of the Power System of
Ukraine”. The project was performed jointly with the NTU “KhPI” Department of
Electric Machines.

Key words: thermal power plants, auxiliary systems, auxiliary mechanisms,
group control, group frequency regulation, induction motors, auxiliary power

consumption, mathematical modeling, auxiliary switchgear.
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