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DIAGNOSTICSOF ASYNCHRONOUSELECTRIC MOTORSUNDER INDUSTRY 4.0 CONDITIONS

Annomauus.

B cmamove pacemampueaemcst cydocmpoumeﬂbnaﬂ ompacio, eé xXapakmepHbvle OCO6€HHOCH1U, BAINCHOCMb
OAHHOU OMPACIU MUPOBOT NPOMBIULEHHOCU OJisL MUPOBO20 X035UCMSEA U 2100ANbHOU MOP20STIU, 0AemCsl XapaK-
mepucmuka cucmembsl éuaeﬂocmupoeaﬂuﬂ no d)aKmu'ieCKOMy COCmMOsAHU, 000CHOBbIBACCSL BAICHOCMb CU-
cmemaol ()uaZHocmupoeanz no qbaxmuueczcoxwy COCMOAHRUIO, NOKAa3bleaenics 6AAHCHOCMb 680116}7660121—!011 pa6ombl
ACUHXPOHHBIX 2NeKMpoOdsucamenell Ha CcyoHe, U KAk Cie0Cmeue aKyenm, Komopwvli coelan Ha OUAeHOCMUKY 8
nepsyio ouepedb ACUHXPOHHBIX 3NeKMpPoOsucameell, paccCMOmpenvl Memoobl Hepa3pyuanuie2o KOHmMpoJs,
Hauboree nooxodsawue K cyoo8biM ACUHXPOHHLIM INeKMPOOsUamensm, 0OD0CHO8bIBAemcs Ha npumepe 3¢ gek-
MuBHOCNb NPUMEHEHUA HECKONTbKUX Memoooe Hepaspywaroueco KOHmpOoJist ¢ NOMOUWbIO 6UPMYATbHOCO npu6opa
8 OuacHOCmuKe 21eKkmpoosuzameretl 8 YCA08UAX YUpposuzayuu 3KOHOMUKU U 4-0U NPOMbIUIEHHOU (UHOYCmpU-
anvhotl) pesomoyuu (Industry 4.0).

Abstarct.

The article examines the shipbuilding industry, its characteristic features, the importance of this branch of
the world industry for the world economy and global trade, gives a characteristic of the diagnostic system based
on the actual state, substantiates the importance of the diagnostic system based on the actual state, shows the
importance of the uninterrupted operation of asynchronous electric motors on the ship, and as a consequence the
emphasisplaced on diagnostics, first of all, of asynchronous el ectric motors, the methods of non-destructive testing
that are most suitable for marine asynchronous electric motors are considered, the effectiveness of the use of
several methods of non-destructive testing using a virtual device in the diagnostics of electric motors in the con-

ditions of digitalization of the economy and the 4th industrial ( industrial) revolution (Industry 4.0).

Knrouegvie cnosa: acunxpoumbwlil 2.1eKmpoosueameinb, 6UPMyaibHbiil npubop, OUAZHOCMUKA, MEmoo Hepas-

pywatowezo xoumpoas, LabVIEW.

Keywords: asynchronous motor, virtual device, diagnostics, non-destructive testing method, LabVIEW.

Bsenenue

Oo0ecrieuenne OecriepeOoitHON pabOThI CYIOBBIX
CHCTEM SIBJISIETCSI BAXKHOM 3ajaueii n3-3a 0COOCHHOCTEH
CYJIOCTPOUTENbHOM OoTpaciy M JKCIUTyaTaIiu
CyqHa. DJEeKTpHUECKUe MAIIMHBI ABJSIOTCA Hambolee
BRXHBIMH W PaclpOCTPaHEHHBIMH €IMHUIAMH CYIO-
BOTO 3JIEKTPOOOOPYI0BaHMS, OTBEUAIOIIHE 32 CYI0BbIC
mpoIiecch U paboTy moTpeduTesnei, 0coOeHHO MepBoit
rpymnnsl. Crucrema IIaHOBO-TIPEYIPEIUTEIBHOTO 00-
CIIy>KUBaHUsI EKTPOJBUraTeNel B HACTOSILEE BpEMs
3aMEHATCS CHUCTEMON TEXHHMYECKOTO OOJY)KMBAHMS I10
TEXHUYECKOMY COCTOSIHUIO, KOTOPasi UMEET 3HAYNTENb-
HBIe TIpenMyImecTBa. Hambonee dacTo BcTpeuaro-
IIIAMCS CY/IOBBIM 3JIEKTPOJBUTATENEM SIBIISIETCS acHH-
XPOHHBIM 3yeKTpoABUrarTens. g peanuzauuu gua-
THOCTHPOBAaHUS  JJEKTPOABHUraTeNsi B  CHUCTEME
TEXHHYECKOTO OOCIYKMBaHHS 110 (PAaKTHYECKOMY CO-
CTOSIHHIO IPUMEHHUTENBHO K CYOCTPOCHUIO Hanboiee
4acTO NPUMEHSIOTCA TEIUIOBOM, aHaM3 MapaMeTpoB
JJIEKTPUUECKOI CEeTH U BUOPAIIMOHHBII METOJIBI HEPa3-
PYLIAIOLIETO KOHTPOJISL.

TennoBble MeTOAB! HEpa3pyLIAOIIEro KOHTPOJIS
MOTYT BBISBIISITH IIUPOKHI CIIEKTP HEHOPMAJIBHBIX CO-
CTOSIHMH JJIEKTPpUYIECKOW MamuHbl. J[aHHBIH crmoco0
MO3BOJISIET KOHTPOJIMPOBATh TEMIIEPaTypy Bcell Ma-

HIMHBI, TaK U OTACNBHBIX €€ y3i1oB. [Ipubopamu, ocy-
HIECTRIISIONINE NAHHBIH MPOIECC SBISIOTCS TEIJIOBHU-
30PbI, TUPOMETPAMBI U 1Ip. IIpu 3HAYUTEITHHOM H3Me-
HCHHUHU MApaMETPOB JJCKTPHUUCCKOW CETH KaK BBIIIE,
TaK W HUKE YCTAHOBJICHHBIX BEJIMYHMH MPUBOINT K HE-
HOPMAJIBHBIM PEKUMaM pabOoThl 3JEKTPOIBUTATENCH,
YTO OTpaXkaercss Ha paboTe CYMOBBIX CHCTEM, YTO B
CBOIO Ouepe/ib OTpaXkaeTcss Ha paboTe Cy/Ha B LEJIOM.
AHaIu3 mapaMeTpoB EKTPUIECKOI CETH OCHOBAH Ha
pETHUCTpAIli W aHajH3e IMapaMeTPOB HAIPSHKCHHS,
TOKa U Mol[HOCTH. K 10CTOMHCTBaM METOAa OTHOCSITCS
BO3MOKHOCTh BBISIBJICHHSI OTIACHBIX CHTyaluid enié a0
HACTYIUICHHsI KPUTHYECKOIO MOMEHTa. biaromaps
3TOMY METOAY JUATHOCTHKH MOTYT ObITh OOHAPYIKEHBI
HEHCIIPABHOCTH 3JICKTPHUUECKUX YacTel poTopa U CTa-
Topa, (hOPMBI BO3IYIITHOTO 3a30pa, HCTOYHMKOB ITHTa-
HUS ¥ IOIIUITHHKOB. BUOpaIoHHast TMarHocTuKa oT-
HOCHTCS K METOJIaM Hepa3pyIIaloniero KOHTPOoJs 000-
PYIOBaHUs, OCHOBaHHAas Ha aHAIM3E IApaMETPOB
BHOpaIu, KOTOpas co3gaercs 00 padoTaroIIuM
00opyIOBaHUEM, JIUOO SBISETCS HCTOYHHKOM BTOPHY-
HOW BUOpanuu, KoTopasi 00yCIIOBIICHa CTPYKTYPOI HC-
cieayeMoro oobekra. JIOCTOMHCTBAMH METOJa SIBJIS-
€TCS MAJIOE BPeMsI JTHArHOCTHPOBAHHUS i BO3MOYKHOCTD
0OHapYKEHUSI CKPBITHIX Ie(hEKTOB.
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Jnst TOKpBITHST HEOOXOOMMOCTH IHArHOCTHUKHU
3NIEKTPOJBHUTaTENEH B YCIOBUSX LU(PPOBU3AIMU KO-
HomuKkH 1 |ndustry 4.0, B mepByIo ouepenb aCHHXPOH-
HBIX 3JeKTpojaBurareneii, Ha npeanpusatun AO CIIO
«ApKTHKa» OBLI CO3J]aH BUPTYaJbHBIA MPHOOp, KOTO-
PBI 1aeT BO3MOXHOCTh POBOJUTD TUArHOCTHUECKHE
paboThI, Kak B YCIIOBUSIX NMPEIIPHUATHS, TaK U B YCIIO-
BUSIX OOBEKTOB 3aKa34yHKa.

Konmernmmst Industry 4.0 maxomurcst B Hepa3phIB-
HOHM CBSI3M C HAYYHO-TEXHHYECKHM IIPOTPECCOM, UTO
MPEAINoIaraeT yMEHbIICHHE MaccorabapuTHBIX Iapa-
METPOB IPUOOPOB M YCTPOMCTB, C OJHOBPEMEHHBIM
YBEIMYCHNUEM HX IIPOU3BOJUTEIBLHOCTH U CIEKTPa pe-
IIaeMbIX 3a/a4.

C TOMOIIBIO JITAaHHOTO BUPTYaJIbHOTO HpUOOpa,
BO3MOJKHO, ITPOBOANUTH MHOTOTPAaHHOE HCCIICIOBaHUE
paboThI 3JEKTPUUECKON MAIIWHBI, YTO ITO3BOJISET BbI-
BCCTU TCXHUYCCKOC TUArHOCTUPOBAHUC HA HOBBIN Ypo-
BeHb. BaxkxHbIM MpEeUMYyHICCTBOM KOMILJICKCA ABJIACTCA
BO3MOKHOCTb JJHarHOCTHPOBAHHE HE TOJBKO HIIEKTPO-
JBHUTATENEl CHEeNNATbHOTO HWCIIOMHEHUs (TpUMEHse-
MBIX Ha Cy/aX), HO M OOIIENpPOMBIIIICHHOTO Ha3HayYe-
HUSL.

ITpu co3mannyu BUpTyanbHOTO IpHOOpa OblIa HC-
noJib30BaHa npoxykumus kommanum National Instru-
ments (NI) cpena rpaduueckoro mporpaMMHpPOBaHHS
Laboratory Virtual Instrumentation Engineering Work-

bench (cokpamenno — LabVIEW). OcHoBoii BHPTYaITh-
HOT0 IprOopa Ui NPOBEACHUS AUATHOCTHKH DIIEKTPO-
000pyIOBaHUS SIBIISIETCS. W3MEPHUTENILHBII  MOAYIb
National Instruments NI PMA-1115, k kotopoMy 1o1-
KJIFOYAIOTCS TaTYMKH (aKcenepoMeTpsl, nuddepeHim-
IBHBI TPOOHMK, TepMomnapa, TOKOU3MEPHUTEIIbHbIC
knemn). Vicxonauelid kon mpubopa coCTaBiseTcs Ha
ONoK-nuarpaMme  BUpTyanbHoro  npubopa. B
LabVIEW wucxonHspIii KOX BBITTISAUT OJNOK-IHATpaM-
MOI1.

I[Tponecc AMarHOCTUPOBAHHS COCTOHT U3 CIEAYIO-
IIMX JTAIOB!

— OrmpeneneHre AHarHOCTHPYEMOTO 00BEKTa

— IopxmoueHne 1aTYUKOB K OOBEKTY AMArHO-

— 3amyck BUPTyaJbHOI'O IpHOOpa

— CHAaTue noxa3aHun

— OO0paboTKa 1 aHAIN3 MOJYYEHHBIX Pe3yJbTa-
TOB, rpah)KOB, TEPMOTPaAMM

— 3aKiIIOYeHHE O COCTOSIHUH JHarHoCThupye-
MOTO O0BEKTa

JlaHHEBII BUPTYANbHBIHA IPHUOOP ITO3BOIISET IIPOBO-
JWUTHh TWarHOCTUPOBAaHHUE B O0jIee CHKaThle CPOKH C I10-
BBIIIICHHOH TOYHOCTHIO HICHTU(PHUIINPOBATH HEUCTIPAB-
HOCTH OOBEKTa JTUArHOCTUKH TaK M TMOBBICUTH d(dek-
THUBHOCTh UCIIOJIb30BaHMS JIMarHOCTHYECKOTO
000pyI0BaHUsL.

Pucynox 2. Tepmoepamma noowunnuxa s1eKmpoosueamess

B xoze mpoBeieHus THarHOCTUPOBAHUS DIICKTPO-
JIBUTATEIIS OBLIO YCTAHOBIICHO:

— Ha o6meit Tepmorpamme (pucyHok 1) Temme-
paTypHble MAaKCUMyMbl W MHHHMMYMBI COCTaBUJIU
29,4°C u 27,3°C COOTBETCTBCHHO, CPEOHEE 3HAUCHHE
Temneparypsl coctasmio 28,3 °C. Ha obmeit Tepmo-
rpamMme ObUTH 3a()UKCUPOBAHBI MECTA IOBBIIICHUS

TEMIIEPaTyphl, KOTOPbIE JIOKAJIM30BAJIKCh B IOJIIUII-
HHUKax, I103TOMY OBUIO TPHHSATO PELIEHHE NPOBECTH
YacTHYIO TepMOrpaMMy 3TOH obmactu (PHCYHOK 2).
[Ipu Tepmorpadun gaHHOW OOIACTH TEMIIEpaTypHBIE
MaKCUMYMBI © MUHUMYMEI cocTaBmiu 29,7°C u 25,2°C
COOTBETCTBEHHO, CPEIHEE 3HAUECHHNE TEMIICPATyPHhI CO-
craBwio 28,5 °C. bbut ipoBeicH aHANIN3 JIOKATU3AI[UH
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U TEMIIEPATypPHBIX 3HAYEHUI 3JIEKTPOJBUTATENs, B KO-
TOPOM YCTAaHOBJICHO, YTO MPUYHHON MOBBIIICHUS 00-
el TeMnepaTypbl JUAaTHOCTHPYEMOTO 3JIEKTPOABUTa-
TeNS SIBJIACTCS. pabouMii MOMIIMITHUK (TIPEBBIICHUE
Temneparypsl coctariser 0,2% oOT o0Iero ypoBHs).
Ha ocHoBanuu npuMeHeHus TeIIOBU3MOHHOTO METO/1a
HEepa3pyIIAOIEro KOHTPOJIS OBLT CIICNIaH BBIBO 00 HC-
MPaBHOCTU PabOTHI MOMANIMITHUKA B YACTHOCTH U JIHA-
THOCTUPYEMOTO 3JIEKTPOJBUTATENS B LIEJIOM, U O BO3-
MO>XHOCTH JaJIbHEHIIEeN IJIUTENbHON SKCILTyaTaluu
COTJIACHO PEXKUMY.

— Ha ocHoBaHNH n3MepeHUs ypOBHS BHOpPAIIH,
KOTOpBI coctaBun 1,1 MM/C 1 Ha OCHOBaHWU HOpMa-
tuBa 'OCT MCO 10816, mamuHa Obl1a KI1acCUPHIIH-
POBaHa IO KJIACCY AIICKTPUYCCKUX MAIIMH U 30HE BUO-
palmu, KOTOphIe COCTABUIIM KJIacC | MaJipie MaIlliHBI 10
15 kBT, 1 30Ha «B» cooTBeTcTBeHHO. [0 pe3ynpraTam

VIK: 697.133

Kaccu(prKanuy, MPUMEHsS1 BUOPALMOHHBIH METO He-
pa3pyIIaoIero KOHTPOIs, ObII CAENaH BBIBOJX O BO3-
MOKHOCTH JUIMTEJIBHOM KCIUTyaTalli JUArHOCTHPYe-
MOTO 3JIEeKTPOABUraTeNs.

— Hcnonp3ys MeToJ1 OLIEHKHU NEKTPUUYECKHX Ma-
paMeTpOB BIIEKTPOABHIATENS, OBUIO 3a(hUKCHPOBAHO
OTCYTCTBHUE NPEBBIILICHUI TOKA M HAIIPSDKEHUS B (pa3ax
9JIEKTPOJIBUIATENIS, YTO TOBOPUT 00 OTCYTCTBHHU CKay-
KOB HAaNpsDKEHUN NUTAIOIIE CEeTM M PaBHOMEPHOMU
Harpy3KH JJIEKTPOJBUTATEIs.

3akiiroueHue

Ha ocHoBe mpuMeEHEHUs TpeX METOJOB HEPaspy-
IIAIOIIET0 KOHTPOJs ObllIa MpOBEAEHAa KOMIUIEKCHAs
JUAarHOCTHKA 3JIEKTPOJBHUraTess, Mo pe3yiabraTaM Ko-
TOpPOIt OBIIO C/eTaH BBIBOA O BO3MOXHOCTH JaIbHEH-
el ATUTeNbHOM SKCIUTyaTallui JAHHOTO AMArHOCTHU-
pyemoro o0beKTa.
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THERMAL MODERNIZATION OF A MULTI-STOREY RESIDENTIAL BUILDING

Annomauus.
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