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OIIIHKA AKOCTI POBOTH HAIIIBINPOBIJIHUKOBOI'O IEPETBOPIOBAYA
YACTOTH CYJITHOBOT'O EJIEKTPOTEXHIYHOI'O KOMILJIEKCY
HA BA3I HEUITKOI JIOT'IKHA

Ha cvo2o0niwmiii denv, 00 QyHKYit08aHHA NPUCMPOi8 2eHepayii eneKmpuyHoOi eHepeii CyOH08020 eeKmpOmexHiYHO20
KOMNIEeKCY, npeo asiA0mbcsa OyiHce UCOKI BUMOU, Nepul 3d 8ce N08 A3aHi 3 ix ekoHoMiuHoto epekmusnicmio. Ocobnugy
POTbL npu Ybomy 8idiepaionv Memoou i Cnocoou nposedents ananizy ix pooomu st 0iaeHOCHY8aH s iX PYHKYIOHATbHO-
20 cmamy. 3 memoio YOocKonanenis memooie 0iazHoOCMuKY GYHKYII08AHH NPUCMPOi8 CYOHOB020 eleKMPOMexXHiYHO20
KOMNIIEKCY CMBOPIOIOMbCSL PIBHOMAHIMHI Mamemamuyni mooeni. 1on06Hi sumozu 00 moodeneil — 00nomMo2a Onepamopy
npoawnanizyeamu napamempu pooomu 001AOHAHHS MA 1020 8UACHE MEXHIUHe 00CTY208Y8aHH. [llisk MEXHIYHO020 00CIy20-
8Y6ANHS CINBOPIOIOMbCA CUCHEMU 6I00ANEHOT 0IAZHOCMUKY | MOHIMOPUH2Y MEXHIYHO20 CIAaHy 00NAOHANHS.

B oaniti pobomi, npusedena oyinka axocmi podomu Hani@npoGiOHUKOB020 NEpemeopr8aya 4dcmomu cyoOH08020
ellekmpomexuiuno2o komniexcy. [lpoananizoeano memoou diazHocmuku 11020 pobomu ma GUOKpeMIeHi OCHOGHI npooie-
MU 3MEHWEHHs eKOHOMINHOCIMI UpobHU1020 npoyecy. Braszano, wjo eenuka KinbKicmb 001a0HAHHA Ma 06CY208Y104020
NEePCoHay, npu3800ums 00 30LIbUICHHS YaCy 0iA2HOCTUKU (DYHKYIIOBAHHS NPUCIPOIS.

Ha ocnosi mamemamuunozo mooenioganns, 3 GUKOpUCManusam anapanmy neuimkoi noziku Matlab Simulink 3 pozwupen-
uam Fuzzy Logic Toolbox, ompumani nosepxui 8i0KIUKY OYiHKU AKOCHI pobOmMuU nepemeoprosayd 4acmomu, wo oaoms
3MO02y onepamopy C80€HACHo Oia2HOCHY8amuy cmar pobomu nepemeopIoeaya Hacmomu 6 3a1eHCHOCMI 6i0 6UXIOHUX 3HA-
ueHb CUNU CIMPYMY, Hanpy2u ma memnepamypu HanienpogioHUKosux Kouie. Ilpooemoncmposano @yHKyii HanexlcHoc-
mi AH2GICMUYHUX 3MIHHUX GUXIOHUX NAPAMEMPI6 HaANi6NPOGIOHUKOBO20 NePemeopIosaia Yacmomu eieKmpomexHivHo2o
KOMNIEKCY.

3asznaueno, wo 30inbuieH s 03U NPAGUIL TIHSGICIUYHUX 3MIHHUX, 3ACHOBAHI HA eKCNePMHUX OYIHKAX, 0adymb Oiibiu
cymmegy ingopmayiro onepamopy 015 diacHOCMUKU QYHKYII08aHHA nepemeoplosada wacmomu. Ananis cgpopmosanux
N0BEPXOHb BIOKIUKY 3abe3neyums ougepenyitiosanull nioxio 0o 1020 MexHiuH020 00C1Y208Y8AHH.

Kniouosi cnosa: enexmpomexuiunuii Komniexc, HanienpoGiOHUKOSUL Nepemeopiosay yacmomu, Hewimka 102iKd,
Matlab Simulink, Fuzzy Logic Toolbox.
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EVALUATION OF THE QUALITY OF THE WORK OF A SEMICONDUCTOR FREQUENCY
CONVERTER OF A SHIP ELECTRICAL COMPLEX BASED ON FUZZY LOGIC

Today, very high requirements are imposed on the operation of electrical energy generation devices of the ship s electrical
complex, primarily related to their economic efficiency. A special role is played by methods and means of analyzing their
operation to diagnose their functional state. In order to improve the methods of diagnosing the operation of devices
of the ship's electrical complex, various mathematical models are created. The main requirements for the models are
to help the operator analyze the parameters of the equipment s operation and its timely maintenance. Systems of remote
diagnostics and monitoring of the technical condition of the equipment are created for maintenance.

This paper provides an assessment of the quality of operation of a semiconductor frequency converter of the ship's
electrical complex. Methods for diagnosing its operation are analyzed and the main problems of reducing the cost-
effectiveness of the production process are identified. It is indicated that a large number of equipment and service
personnel leads to an increase in the time for diagnosing the operation of devices.

Based on mathematical modeling, using the fuzzy logic apparatus Matlab Simulink with the Fuzzy Logic Toolbox
extension, response surfaces for assessing the quality of the frequency converter s operation were obtained, which allow
the operator to timely diagnose the state of the frequency converter s operation depending on the output values of current,
voltage and temperature of semiconductor switches. The membership functions of linguistic variables of the output
parameters of the semiconductor frequency converter of the electrical complex are demonstrated.
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1t is noted that the increase in the rule base of linguistic variables, based on expert assessments, will provide more
significant information to the operator for diagnosing the operation of the frequency converter. Analysis of the formed
response surfaces will provide a differentiated approach to its maintenance.

Key words: electrical complex, semiconductor frequency converter, fuzzy logic, Matlab Simulink, Fuzzy Logic Toolbox.

IHocTanoBka nmpobaemMn

OCHOBHUM ITOKa3HUKOM POOOTH 1 EKOHOMIYHOCTI Oy/1b-SIKOTO €JIEKTPOTEXHIYHOTO KOMIIIEKCY SIBIISIETHCS SKICTh €JIeK-
TPUYHOI €Heprii, SIKy CIOKHMBAIOTh KopucTyBadi. OcoOIMBY pojib MU I[bOMY BiirparoTh neperBopoBaui yacroru (IT4),
sIK1 37aTHI cpopMyBaTH HEOOXIHY YaCTOTY BHXIJIHOTO CHTHAJY JUIsl IEBHHUX THITIB cliokKBaviB. [lepeTBoproBaui yacToTn
JIAl0Th MOXKJIMBICTh MIATPUMYBATH MapaMeTpy €JICKTPUYHOI eHepril Mpy 3MIHHUX XapaKTEePUCTUKAX SBHUII, L0 MPHBO-
JSITh JI0 TeHEpaIlil eCKTPUYHOT eHepril.

[Ipu nocsruenHi neBHoro yacy po6otu T4, Horo ekcruryarariiiiHi XapakTepHUCTHUKH MOTIpUIyIOThCS. BusiBIeHHs Bi-
XHWJICHHSI HOMIHAJIbHUX 3HaueHb napaMeTpiB podortu eneMenTiB [TH nmorpedye 3Ha4HOT KUTBKOCTI 00saHaHHs Ta 00CITy-
TOBYIOYOTO IepcoHany. ToMy /Uit TEXHIYHOTO 00CITyrOBYBaHHS CTBOPIOIOTHCS CUCTEMH BiJIANICHOT IIaTHOCTUKH 1 MOHI-
TOPHMHTY TEXHIYHOTO CTaHy 00JaJHaHHSL.

JiarHocTuka 1 cBO€4acHe TEXHIYHE OOCIYroByBaHHs EJIEKTPOTEXHIYHOTO KOMIUIEKCY Ta MOro CKIJIQJIOBHX 3JaTHi
30UIBIINTH 1X 3aralbHUH Yac eKCIUTyaranii Ta eHeproe()eKTHBHICTS.

AHaJi3 ocTaHHIX 10C/iKeHb i myOsikanii

OnHUM 13 OCHOBHHX CKJIQJIOBHX TEXHIYHOTO 00ciayroByBaHHs [1U eleKTpOTEXHIYHOTO KOMIUICKCY SIBJISETHCSI MOHITO-
PHHT mapameTpiB Horo podotu. JlocmipkeHHs 3MiHN HOTo BHXITHHX MapaMeTpiB JIa€ MOXKIIMBICTb 3pO3yMITH HOTO CTaH
1 3aBUACHO MPOBECTU TEXHIYHE 00CIYrOByBaHHSI, HE JIOBOJSTYN 0 CEPHO3HUX TIOJIOMOK Ta CYTTEBO 3MEHIIHUTH Yac Ipo-
ctoro [1, 2]. Yac mpoCTOr YacTO HAHOCUTH OiJIbIlie MaTepiabHUX 30MTKIB MOPIBHSIHO 3 3aMIHOK KOMILJICKTYIOUUX OJ10-
KiB Ta setaneil. [lepioquuHicTh MPOBEICHHSI MOHITOPHHTY 3aJIS)KUTh Bijl Yacy eKCILTyarallii Ta MOTYHOCTI CIIO)KHBadiB
€JIEKTPUYHOT eHeprii 3MIHHOTO CTPyMY.

Hexopexrna po6ota [TY Takox BIUIMBa€E Ha TEPMiH Ta YMOBH POOOTH CIIOKHBA4YiB, 0COOIHNBO EIEKTPOHHHUX CYJTHOBHX
IBUTYHIB [3, 4]. SIk 3a3HaueHO B [5], KOXKHUI PiK BUXOMUTH 31 ckiIany 30 % eNeKTPHUYHKUX JIBUTYHIB IPOMHUCIOBOCTI, a Ha
TpaHcnopTi i uudpu no6irarots 3HaueHHs 70 %. [Ipu npoMy TepMiH poOOTH BiIPEMOHTOBAHUX JIBUTYHIB 3MEHIIY€ThCS
Bin 0,5 no 1,5 poky, a 22 % B3araJi 3aMiHIOIOTHCS PE3EPBHUMH, TaK SIK 1X MMOJajIbllla eKCIITyaTallis HeOIIbHA.

[Tpu upomy ciijt 3ayBaXkKnUTH, 10 TPAHIIHHA CTPATETisl TEXHIYHOTO 00CITyrOBYBaHHS 1 PEMOHTY CKJIQJIHUX TEXHIYHHX
CHCTEM, 3aCHOBaHa Ha IJIAHOBO-TIOINEPE/DKYBaJIbHOMY PEMOHTI, BTpaTHia CBOIO aKTyalbHICTh Ha TenepimHii yac. Ha
TIepIINii TJIaH BUXOJMTH CTPATETis yIPaBIiHHS eKCIUTyaTalliiHOIO HaJiiHICTIO MPUCTPOTB 3a IX TEXHIYHUM CTaHOM, TOOTO
JI0 MOHITOPHHTY ITapaMeTpiB IX poOOTH Ha MPOTs3i MEBHOT'O Yacy 3 METOIO ITPOTHO3YBaHHS 1X 3MiHH [6].

OnHuM 13 HAUMOIIMPEHININX METO/IIB YIPaBIiHHS, aBTOMATH3ALi] Ta MOHITOPHHTY €JICKTPOTEXHIYHUX CUCTEM SIBIISIETHCS
3aCTOCYBaHHS arapary HEUiTKOI JIOTiKH. AJITOPUTM pOOOTH CUCTEM Ha 0a3i HEUiTKOT JIOTIKU BiJIMIHHU BiJI METO/IIB JIUCKPET-
HOI MaTreMaTHKH 1 CXOXKHUi Ha croci Jrozchkoro MucienHst. [Ipu iboMy 3MiHHI mapamMeTpy HaOyBaloTh 3HaYCHb B Jliaria3oHi
Biz 0 10 1 1 HOCSATH IMOBipHICHUI XapakTep. ba3a npaBuI1 HEYITKOT JIOTIKM OCHOBYETBCS Ha JIFOICBKOMY JOCBii [7].

3acTocyBaHHs anapary HEYiTKOI JIOTIKHM HIMPOKO 3aCTOCOBYETBHCS TMPH PO3POOJICHHI METOAIB YIPaBIiHHS, MOHITO-
PHUHTY Ta JIarHOCTUKM Ha MOPCHKOMY TpaHCHOpTi. PeryiroBaHHs eHeproe(ekTHBHOCTI pOOOTH CYJHOBHX KOTEIBHUX
YCTaHOBOK [8], MiIBUIIIEHHS eJIeMEHTIB Oe3MeKH IJIaBaHHs Cy/IHA 33 HEJI0CTaTHBOI HaBiramiitHol indopmarii [9], MoHITO-
PHHTY 1 yIIpaBiiHHS poOOTOI0 TeHeparopa 3MiHHOTo cTpyMy [10] Ta iHmuX.

DopMyJIIOBAHHS METH I0C/IiIKEeHHS

Mertoro 1aHOT pOOOTH SBJISETHCS CTBOPEHHS MATEMATUYHOT MOJICII OIHKH siKOCTi poooTu ITH Ha 6a3i HeuiTKOT JOTiKH

B cepenoBuini Matlab Simulink nyist 1iarHOCTHKM cTaHy 1 HEOOXIJTHOCTI IPOBE/ICHHS TEXHIYHOTO 0OCITyTrOBYBaHHSI.
BuxiiajeHnsi 0CHOBHOIO MaTepiajy A0CTiIKeHHS

B cynHOBOMY eneKkTpoTeXHIuHOMY KOMILIEKCi 3acTocoBytoTh [T i3 mankoro nmocTiiiHoro crpymy. OcHoBHi By3nu [14 i3
JIAHKOIO MIOCTIMHOTO CTPYyMy — I1€ BUIIPSIMIISIY Ta IHBEPTOP, SIKUIT Oe3M0CepeIHbO MEPETBOPIOE TTOCTIHHUI CTPYM B 3MiH-
HUH NOTPiOHOT YacTOTH. B SIKOCTI OCHOBHOTO €JIEMEHTY 1HBEPTOPA, 110 POPMYE BUXIHY HAIPYTY SBISIFOTHCS HAIMIBIPO-
BiJJTHUKOBI THPUCTOPH 200 TPAH3UCTOPH, 110 MPALIOIOTH B SIKOCTI CHIIOBOTO KJro4a. J[jisi OTpuMaHHs SIKiCHOTO BUXIJTHOTO
CUTHAJTy BUKOPHUCTOBYIOThCsl OararopiHeBi [TY [11]. B pesynsrari Ha skicts podotn ITH cyTTeBO BILTMBa€E KOpEKTHA
poOOTa CHIIOBUX HAIIBIPOBITHUKOBHUX KITIOUIB.

Jnst BU3HA4YEHHS TEXHIYHOTO CTaHy 00JaJJHaHHS IMPHUCTPOIB ENEKTPOTEXHIYHOTO KOMILIEKCY, 3aCTOCYBAHHS arapary
HEYITKO{ JIOTIKH J1a€ MOXKJIMBICTH J1arHOCTYBAaTH iX CTaH B YMOBaX HEBU3HaUYEHOCTI. HeuiTki cucTemMM MoBHHHI MaTH NeB-
HUI MacuB JIaHUX, SIKI MICTATH (DYHKIIT HAJIEKHOCTI Ta 11 ONKC, MHOXKUHY HEUITKHUX ITPaBUII, CIIOCIO BUBOJY.

B stkocTi Mozeni ekcriepTHOi cucTeMu TexHIuHOro ctany 1Y BXiTHMMHU 3MIHHUMH SIBISIIOTBCS BHXIIHHHA CTPYM,
BHXIJJHA HaIpyra, TeMIleparypa HaliBIIPOBIIHUKOBHX KiIto4iB. Buxinna 3minHa — ctan podotu 14, popmyeThes mo anro-
puTMy HewiTkoro BuBogy Mampani-3aje. [Ipu npoMy napamerpy BXiJHHX XapaKTEPUCTUK BU3HAYEHI B BIJIHOCHHUX OJIU-
HUIISIX, HOMIHAJIBHI TapaMeTpy sIKUX piBHI 1.
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Puc. 1. CtpykrypHa cxema cuctemun Mamaani-3ane

Ha pucynky 1 npuBesieHa cxema po3po0iieHoi cucremu B cepenoBuili Matlab Simulink 3 posmupennsim Fuzzy Logic
Toolbox.

Ha pucynkax 2—4 noka3zaHi TepMH BXIJHHX JIIHTBICTHYHHX 3MiHHHX. Ha prucyHKy 1 moka3aHo JIIHIBICTUYHY 3MiHHY
«BuxigHud crpym I1Y» 3 Tepmamu: «HOpMabHUIY, «BHCOKHIY. JIIHIBicTHUHA 3MiHHA «BHXigHa Hampyra [TU» mae
TEPMU: KHU3BKA», KHOPMaJIbHaY», «BHCOKa» (puc. 3). JIIHTBICTHYHA 3MIHHA «TeMIlepaTypa CHiaoBuX KiouiB [TU» (puc. 4)
Ma€e TePMH: «HU3bKay, KHOPMAIIbHA», «BUCOKAY.

1

. : :
HOPMabHNIA BMCOKWIA
13
0 I 1 1 |
0 0.2 0.4 0.6 0.8 1 1.2
Puc. 2. ®yHK1isA HAJICKHOCTI: CTPYM
T T T T T T -
HW3bKa HOpManbHa BMCOKWIA
1
: 1 1 1 1 L)
0.2 0.4 0.6 0.8 1 152

Puc. 3. ®yHKIig HAJIEKHOCTI: HApyra

= z -
HW3bKa HOpManbHa BWCOKa

1 L 1 1

0.2 0.4 0.6 0.8 i 1.4

Puc. 4. ®ynkuis HaJIe;KHOCTI: TemIepaTypa

Oynkuis HalexKHOCTI «cTaH pobotu [TU» HaBegeHa HAa PUCYHKY 5, TepMaMHU SIKOT € «aBapiiiHUil pIBEHBY, «IIONepe/-
)KYBaJIbHUH PIBEHBY, KHOPMAIBHUI PIBEHBY.

Excriepranm nuisixom OyB copmoBanuii HaOlp mpasui crany podoru [T Bix BXiZHUX AaHUX, SKUMH € BUXITHUN
CTPYM, BUXIJIHA HAIpyra, TeMIeparypa CHJIOBUX KiodiB. ba3a npaBui nokazaHa B Tabmui 1.

Jnist po3yMiHHSI B3a€MO3B’SI3KY BXIJHHUX JIHI'BICTHYHHUX 3MIHHHX 1 BUX1IHOT — OTpUMaHi OBEPXHi HEYITKOIO BUBOIY
cuctemu (puc. 6-8).
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Puc. 5. ®ynkuisa HajexHocTi: cTaH podoru ITU

Tabmms 1
ba3a npaBuJ1 JiHrBICTUYHUX 3MIHHHX

If (cTpym™ is HopmanbHHii) and (Temneparypa is HopmaibHa) and (Hampyra is HopmaspHa) then (cTaH is HOpMaIbHHMIT)
If (cTpym is HopmasbHHiT) and (Temneparypa is Bucoka) and (Hampyra is HopMaibHa) then (cTaH is HomepemKyBaIbHuUi)
If (temmeparypa is Bucoka) and (Hampyra is HopManbHa) then (cTaH is nonepemKyBaIbHHUIT)

If (cTpym is Bucokwuii) and (Hampyra is HopMainbHa) then (ctas is aBapiitHuii)

If (cTpym is Bucokmii) and (Temreparypa is HopmaipHa) and (Hampyra is HopMmanbHa) then (ctaH is aBapiiiHuii)

If (cTpym is Bucokmii) and (Temreparypa is Bucoka) and (Hampyra is HopmanbHa) then (ctaH is aBapiiiHuMii)

If (cTpym is HopmasnbHuii) and (Hampyra is Hu3bKa) then (cTaH is aBapiiiHuii)

If (cTpym is HopmaspHuii) and (Temmeparypa is HopmanbHa) and (Hampyra is Hu3bka) then (ctau is aBapiiiuuii)

If (cTpym™ is HopmanbHuii) and (Temmneparypa is Bucoka) and (Hanpyra is Hu3bKa) then (ctaH is aBapiitHuii)

If (cTpym is HopmasbHHii) and (Temneparypa is Bucoka) and (Harpyra is Bicoka) then (ctaH is aBapiitHuii)

If (cTpym is HopmasnbHHii) and (Temreparypa is HopmanbHa) and (Hampyra is Bicoka) then (cta is aBapiitHuii)

If (cTpym is HopmaspHuii) and (Hanpyra is Bucoka) then (ctau is aBapiiiuuii)

If (cTpym is Bucokwmii) and (Temmeparypa is Hu3bka) and (Hampyra is Bucoka) then (ctaH is aBapiiHmii)

If (crpym™m is HopmanbHuit) and (Temneparypa is Hu3bka) and (Hampyra is Bucoka) then (cTaH is aBapiiHuid)

0.5
0.4
0.3
0.2

cTaH

05 05

CTPYM 0 TeMnepaTypa

Puc. 6. IToBepxHsl BiTIKJINKY cTaHY POOOTH NePEeTBOPIOBAYA YACTOTH
Bi/l TeMIepaTypu KJ104a Ta BUXiTHOI0 CTPyMY

CcTaH

05
Harnpyra 0 TemnepaTypa

Puc. 7. IloBepxHsl BiIKJIMKY cTaHY POOOTH IEePETBOPIOBAYA YACTOTH
Bi/l TeMIepaTypu KJ104a Ta BUXiTHOI HAaNpyru
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Puc. 8. IloBepxHs BiIKJINKY cTaHY POOOTH IEePETBOPIOBAYA YACTOTH
Bi/l BUXiIHOI HAIIPYTH Ta BUXiIHOTO CTPYyMY

BucHoBku
Ha 6a3i HeuiTKOT JIOTiKK OTpHMaHi OBEPXHI BiJKIMKY pOOOYOT0 CTaHy IepeTBOPIOBaYa YaCTOTH CYIHOBOTO EJIEKTPO-
TEXHIYHOTO KOMIUICKCY. JlaHi MOBEpXHI JAat0Th MOXKIIUBICTH ONEPATOPY MIarHOCTYBATH Ta HAJAaTH PEKOMCHIAIT 1100
HOro TEXHIYHOTO 00CIYTrOBYBaHHS
Takum 4YMHOM MOKHA CTBEpXKYBATH, 1110 BAKOPUCTAHHS ariapaTy He4iTKO1 JIOTiKK JIa€ MOXJIUBICTD MI/IBUILUTH SKICTh
Ta 3MEHIIUTH TEPMIHU TEXHIYHOTO 00CIYTrOByBaHHS IIEPETBOPIOBaYa YaCTOTH CYJHOBOTO €JIEKTPOTEXHIYHOTO KOMILIEKCY
IPU MOHITOPUHTY HOTO TEXHIYHOTO CTaHy.
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