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VY nucepTatiiiHiii poOOTI PO3B’SI3YEThCS aKTyalbHAa HAayKOBO-TEXHIYHA 3ajaya
MiABUIICHHA €(EeKTUBHOCTI eKCIUTyaTallii CyTHOBUX XOJOJWJIbHUX yCTaHOBOK (CXYVY),
IO JOCATAETHCA BJOCKOHAJIEHHSIM 3aCO0IB JIArHOCTUKH 1 KOHTPOJIIO TEXHIYHOTO CTaHy
Ha OCHOBI IMITAIlIHHOTO MOJIETIOBaHHs OKpeMuXx By3JiB CXVY.

[IpoBenenuii anami3 npoOJeM Ta TEHIAEHLIA PO3BUTKY CYJHOBOI XOJIOAWJIBHOI
TEXHIKM JO3BOJIMB BHJUIMTA OCHOBHI 3aBJaHHS JIarHOCTYBaHHS 1 KOHTPOJIIO
TEXHIYHOTO0 CTaHy OCHOBHHMX BY3miB CXVY. OOrpyHToBaHuil BUOIp y SKOCTI 00’€KTY
JociipkeHb napokoMmnpeciiaux CXY Manoi X0nogonpoAyKTUBHOCTI 3 T€PMETUUYHUMU
Ta Oe3CaAbHUKOBUMHU KoMIpecopamMu. [lOpiBHsUIbHMI aHaNi3 JITEpaATypHUX JIKEpeI
MOKa3aB, 10 B paMKaxX 0OpaHUX HAINPSAMKIB AOCIIPKEHb HAMOUTbII MEPCIEKTUBHUMU €
miaxig «fault detection and diagnostics» (FDD) 3 BHKOpHUCTaHHSM MaTEeMaTHYHOTO
MOJIeNIIOBaHHs OKpemux By3miB CXYV.

Ha ocHOBI cuctemHoro miaxoay c@opMyibOoBaHa MeTa JUCEPTALIHOTO
JOCIIIJIKEHHS, JUIsl JIOCATHEHHS $AKOI BUCyHyTa pobOoda Trimore3a. I[lokazaHo, 110
HaWOUTbII e(EKTUBHUM MIIXOAO0M JI0 AIarHOCTYBaHHS Ta KOHTPOJIO TEXHIYHOT'O CTaHY
CXY € meron FDD Ha ocHOBI imMiTalliHUX Mojened cuctemu. Ha mijncraBi BUCYHYTOI
po6ouoi TinoTe3n chopMyibOBaHA TOJOBHA 3ajadya AUCEPTAIIMHOTO JOCTIKEHHS Ta
3MificHEeHa 11 JEeKOMIO3MIlisl Ha YOTUPU HE3alieHI JOMOMDKHI 3aaadi. BuszHaueHi
HAYKOB1 pe3yJbTaTH ISl KOXKHOI 13 3a/ay, Ha MiJICTaBl SKUX 3HalIeHUH pO3B’A30K
TOJIOBHOI 3aj1aul JOCIIIKEeHHs, NT0Ka3aHa HayKOBa 3HAYYIIICTh Ta MPAKTUYHA LIHHICTb
pe3ynbTaTiB JOCIIIXKEHD, CHOPMYIHOBAHI HAYKOBI MOJOXKEHHS.

Ha miacrasi TepmoauHamMiuHOro aHamizy nukiay podotu CXY BHUSBIEHI OCHOBHI

napametpu  (QyHkumionyBanHs CXVY Ta  ylnocKoHajgeHa IMiTalliiHAa  MOJEb
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TemnepatypHux pexxuMiB CXY, sika BIAPI3HAETHCA BpaxXyBaHHIM 3MIHH BHYTPILIHIX Ta
30BHILIHIX TapaMeTpiB (PyHKIIOHYBAHHS, IO T03BOJISIE IPOBOJAUTH JIOCTOBIPHY OILIIHKY
il guHaMiYHMX BiacTUBOcTe. Ha ocHOBI Mojeni TemmepaTypHux pexumiB CXY
pPO3pOOICHUI aITOPpUTM 1 TIACHCTEMAa OIIHKA KoedillieHTa TeIIOnpoXigHOCTI Ta
MPOTHO30BaHOI JlarHOCTUKM oOMep3anHa BunapHuka CXYVY. IlpoBeaeHa mnepeBipka
aNTOPUTMY 3ac00aMHM 1MITalITHOTO MOJCITFOBAHHS.

[IpoBenenuit anamiz AUHAMIKH poOOTH mopirHeBOoro kommpecopy CXVY, sxwuii
JI03BOJIMB BUSBUTH OCHOBHI MapameTpu (YyHKI[IOHYBaHHS KomIipecopy. Ha ocHOBI
aHalizy JAMHAMIKH poOoTH mopirHeBoro kommpecopy CXVY Ta Teopii aganTHBHHX
CHIOCTEpiradyiB CTaHy TIOBHOTO TOPSAKY pO3poOieHa MOMAENh eleKTPOIPUBOIA
KOMIIpECOpa, sika CIIPOMO’KHA B PEAIbHOMY 4Yacl BU3HAYaTH €HEPreTUYHI Ta MEeXaHIYH1
MOKa3HUKH 3 METOIO IIarHOCTYBAHHS Ta KOHTPOJIIO TEXHIYHOTO CTaHY KOMITpecopa.

[IpoBenennii eHepreTHUHUI aHali3 XoJoamibHOro UKy CXY, skuii 103BOJIMB
BU3HAYUTH MOKa3HUKU JOCKOHAJIOCTI XOJOJMUIBHOTO HUKITY. OCHOBOIO JJIsi OOUUCIIEHHS
IUX TOKA3HUKIB € BU3HAYCHHS IMapaMETPiB XOJOIMIBHOTO areHTa B XapaKTEpHUX
TOYKax JAificHoro xojonuiapHOoro 1ukiay CXVY Ta mnapamerpiB (QYyHKIIOHYBaHHS
KoMmmpecopy. Po3pobiieHa MeToANKa po3paxyHKy MapaMeTpiB AIMCHOTO XOJIOIUIBLHOTO
[UKIIy Ta TPOBEJEHO ii MOPIBHSHHS 3 IHIIUMHU Jkepenamu. Ha oCHOBI 3a3HaueHOl
METOJMKHK YIEepIIe 3alpONOHOBAHUN 3arajJibHUM ajiropuTM Ta IMiJICHCTEMAa OILIHKHU
eHepretuyHoi edextuBHOCTI CXVY, sKi BIAPI3HAIOTBCS 3aCTOCYBAaHHSAM B CKJIAJIl
CUCTEMHU J1arHOCTUKHU 1 KOHTPOJIIO mapaMeTpiB ¢yHkiioHyBaHHsS CXY amantuBHOTO
croctepiraya CTaHy Kommpecopa. AJTrOpuTM mnepeadadae OLIHKY E€HEepPreTUYHOl
epexktuBHOCTI He TUIbkU CXVY B nuUioMy, a ¥ ii OKpeMHUX €JIEMEHTIB: KOMIIpecopa,
IPUBOJHOTO €JIEKTPOABUTYHA TOIIO.

Po3pobrieni Ta mochipkeHl iMITamiiHI MOAENl MpoIeciB cTabumizaiii THUCKY
KOHJIEHCAIlli KOHJIEHCATOPIB 3 TIOBITPSIHUM Ta BOJSHHUM OXOJO/KEeHHsM. Ha ocHOBI
pO3pO0ICHNX MOJIeNiel yAOCKOHAlleHa cucTeMa cradimisaiii TucKky konaeHcarii CXVY,
sKa BIJIPI3HSAETHCS 3aCTOCYBAaHHSIM JOJIATKOBHUX 3BOPOTHUX 3B’S3KIB 3a KaHaJlaMU
BUTPATH 1 TEMIEPATypH OXOJIOUKYBAJIbHOI BOJM Ta HASBHICTIO JIOTIYHOTO

NEPEMUKAIOYOT0 MPUCTPOIO B KOJII PETYISATOPA TUCKY, 110 HAZAE CUCTEMI BIIACTUBOCTEN
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po0OaCTHOCTI TIO BIAHOIIEHHIO JI0 30ypIOIOYMX i, MOKpAIIye ii TUHAMIYHI TTOKa3HUKA
Ta JI03BOJISIE MIIBULIUTH eHepreTuuHy epextuBHicTh CXY B HIIOMY.

Ha ocHOBI mgiarpamMu  BIAMOBIJIHOCTI CHMITOMIB Ta  HECIPaBHOCTEH,
pexomenoBanoi kommaniero Wilhelmsen Ships Service, 3ampornoHoBaHa MeTOIHMKa
imeHTudikamii  CUMITOMIB Ta  BUsABJIEHHsA HecrnpaBHocTedt CXVY  3acobamu
nporHo3oBanoi giarHoctuku Ta FDD. Meroauka 6a3zyeTbcss Ha 1MOOYAOBI AIHCHOTO
XOJIOAWJIBHOTO THKIY 3 TMOJANBIIMM TOPIBHIHHSAM 3 «ETaJOHHUMY» XOJIOAWIHHUM
[IMKJIOM Ta BUSIBJICHHSIM TUIOBHUX BiXxwujieHb. Ha OCHOBI po3po0ieHUX aJIrOpUTMIB Ta
MJICUCTEM 3alpPOTIOHOBAaHA 3arajibHa CHUCTEMa JIarHOCTUKH Ta KOHTPOJIO TEXHIYHOTO
ctany CXYVY 3 BUKOPUCTaHHAM MiHIMaJIbHO HEOOX1THOTO HA0Opy NaTYUKIB.

KurouoBi cJjioBa: cygHOBa XOJOJAWIbHA YCTAHOBKA, IMOPIIHEBUI KOMIIPECOD,
eHepreTuyHa €(QEeKTUBHICTh, MIarHOCTHKA, KOHTPOJIb TEXHIYHOI'O CTaHy, CIOCTepiray

CTaHy.

ABSTRACT

Bukaros V.M. Improvement of systems of diagnostics and control of technical
condition of ship refrigeration unit. — Qualification scientific work on the rights of
manuscripts.

Dissertation for the PhD degree in Technical Sciences (Doctor of Philosophy) in
the specialty 05.22.20 “Operation and maintenance of transport facilities”. — National
University "Odessa Maritime Academy", Odessa, 2021.

In the dissertation the actual scientific and technical task of increasing operation
efficiency of ship refrigeration units (SRU) which is reached by improvement of means
of diagnostics and control of a technical condition on the basis of simulation modeling
of separate knots of SRU was solved.

The conducted analysis of problems and trends in the development of ship
refrigeration equipment allowed identifying the main tasks of diagnosing and
monitoring the technical condition of the main components of the SRU. Choice as the
object of research of steam compression low refrigeration capacity SRU with hermetic

and semihermetic compressors was justified. A comparative analysis of the literature
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has shown that in the selected areas of research the most promising approach is "fault
detection and diagnostics" (FDD) using mathematical modeling of individual nodes of
the SRU.

On the basis of the system approach the purpose of dissertation research was
formulated and the working hypothesis was put forward. It was shown that the most
effective approach to diagnosing and monitoring the technical condition of SRU is the
FDD method based on simulation models of the system. Based on the proposed working
hypothesis the main task of the dissertation research was formulated and its
decomposition into four independent auxiliary tasks was carried out. The scientific
results for each of the tasks were determined on the basis of which the solving of the
main task of the research was found, the scientific significance and practical value of
the research results were shown, the scientific positions were formulated.

Based on the thermodynamic analysis of the SRU operation cycle the main
parameters of the SRU operation were revealed and the simulation model of the SRU
temperature modes was improved. This model differs taking into account changes in
internal and external operating parameters that allows a reliable assessment of its
dynamic properties. Based on the model of SRU temperature modes an algorithm and a
subsystem for estimating the heat transfer coefficient and the predicted diagnostics of
SRU evaporator icing was developed. The algorithm was tested by means of simulation.

The analysis of the SRU reciprocating compressor dynamics was carried out and
allowed to reveal the main parameters of the compressor operation. Based on the
analysis of the SRU reciprocating compressor dynamics and the theory of adaptive full
order state observers a model of the compressor electric drive which is able to determine
energy and mechanical parameters in real time to diagnosing and monitoring the
technical condition of the compressor was developed.

The energy analysis of the SRU refrigeration cycle was carried out and allowed to
determine the perfection indicators of the refrigeration cycle. The basis for calculating
these indicators is to determine the parameters of the refrigerant at the characteristic
points of the actual SRU refrigeration cycle and the parameters of the compressor. A

method for calculating the parameters of the actual refrigeration cycle was developed



6

and compared with other sources. On the basis of the specified technique the general
algorithm and a subsystem of an estimation of SRU energy efficiency which differ in
application as a part of SRU diagnostics and control of functioning parameters system
of the adaptive state observer of the compressor are offered for the first time. The
algorithm provides an assessment of the energy efficiency not only of the SRU as a
whole, but also of its individual elements: compressor, drive motor, etc.

Simulation models of condensing pressure stabilization processes of air- and
water-cooled condensers were developed and studied. Based on the developed models
the SRU condensing pressure stabilization system was improved. It differs in using of
additional feedback on the cooling water flow and temperature channels and the
presence of a logic switching device in the pressure regulator circuit which gives the
system the properties of robustness in relation to disturbing actions, improves its
dynamic performance and allows to increase the energy efficiency of the SRU as a
whole.

Based on the symptom and fault correlation chart recommended by Wilhelmsen
Ships Service Company a method for identifying symptoms and detecting SRU faults
using predictive diagnostics and FDD was proposed. The method is based on the
construction of an actual refrigeration cycle with subsequent comparison with the
"reference” refrigeration cycle and the detection of typical deviations. On the basis of
the developed algorithms and subsystems the general system of diagnostics and control
of a technical condition of SRU with use of the minimum necessary set of sensors was
offered.

Keywords: ship refrigeration unit, reciprocating compressor, energy efficiency,

diagnostics, technical condition monitoring, state observer.
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