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AHOTAIIA

Koszix FO.I'. TloniniieHHsT €KCIUTyaTaIlliHOI HAJIHHOCTI TATOBUX €JIEKTPUYHUX Ma-
IITMH JIOKOMOTHBIB — KBamidikariiiHa HayKoBa mparis Ha MpaBax PyKOIHCY.

HucepTariiss Ha 3700yTTS HAYKOBOTO CTYIEHs JOKTOpa (¢ingocodii 3a creriaibHICTIO
273 «3ani3HUYHUNA TpaHCTIOPT». — JIHITPOBCHKMI HAIIIOHAILHUM YHIBEPCUTET 3a113HUYHOTO
TpaHCIOPTY iMeHi akanaemika B. Jlazapsana, {uinpo, 2020.

[IpoGiemi miABUIIICHHS €KCILTyaTaIllMHOT HAIMHOCTI 13011111 TATOBUX €JIEKTPOIBU-
ryHiB (TE]) 70KOMOTHBIB mpuAiIs€TbCA MOCTIHHA yBara. Y BIAMOBITHOCTI 3 «/lepkaB-
HOIO MPOTPaMOI0 CTPATETIYHOTO PO3BUTKY 3aMI3HUIL YKpaiHu», 10 miarotosneHa Jlep-
KaBHUM HayKOBO-TOCITITHUM IIEHTPOM 3aJi3HUYHOTO TPAHCIOPTY YKpaiHM CyMiCHO i3
daxiBugmMu YKp3amizHulll, 0yno po3pobsieHo ramyseBy [lporpamy OHOBIEHHS TSTOBOTO
PYXOMOTI'0 CKJIaly 3ai3HMIlL Ha niepion 10 2020 poky, e BKa3aHO Ha HEOOX1IHICTh CTBO-
PEHHS CydacHUX CHUCTEM OOCIYrOBYBaHHS Ta PEMOHTY TATOBOrO pyxomoro ckiany (TPC)
HOBOTO TIOKOJIIHHS Ta po3po0Ka BIAMOBIIHOT HOPMATUBHOI JOKyMeHTallii. OTHUM 3 TOJIO-
BHMX 3aBAaHb «lIporpamu...» € miaABUIIEHHS eKcIuTyatariinoi HagaiiHocti TEJ] 1 3HU-
KEHHS eKCIUTyaTaI[iIiHUX BUTPAT 32 PaXyHOK BIOCKOHAJICHHS CUCTEMH iX yTPUMAaHHS.

Po3BHUTOK TeOpeTHUHUX 1 METOJUYHHX 3acaj, 0 3abe3nevarb eeKTUBHICTD y MPH-
HHATTI pilmeHs 3 BUOOPY Ta yAOCKOHaJIeHHIO cucteM yrpuMmanHsa TPC Ta #oro ckiagoBux,
Ha TIOTOYHUN MOMEHT 4Yacy, € aKTyaJbHOI0 HAyKOBOIO MPOOJIEMOI0, SiKa Ha LEeH Yac Mae

BEJIMKE 3HAUYCHHS JIJIs1 3aJ1I3HUYHOTO TPAHCIIOPTY YKpaiHu.

HayxoBa HOBH3HA OTpUMaHUX PE3yJbTATIB MOJIATAE B YAOCKOHAIECHI CHCTEMU J11arHOC-
TyBaHHs KopiycHOi 1305111111 TE/] T0KOMOTHBIB 3 METOIO TPOTHO3YBAHHS ii 3aJIUIIKOBOTO
pecypcy Ta MOKpaIleHHs] CHCTEMH BiTHOBJICHHs KoprnycHoi 13011 TEJ] 3 ypaxyBaHHSIM

TEXHOJIOr11 BIJHOBJICHHS:

— @nepuie BCTAHOBJICHO CKBIBAJCHTHICTh BEIWYMHH MAaKCUMAJIBHOTO 3HAYCHHSI
3BOPOTHOI HAMPYTH Ta BEJTUYUHU IHTETPATILHOI OI[IHKHU SKOCT1 KOPIYCHOT 13011111,
— 6nepuie 3aMPOTIOHOBAHO IHTETPATLHUN MOKA3HUK KPUBOI 3BOPOTHOI HAMPYTH IS

kiacudikaii ctaniB koprycHoi 13os1ii TEJ[ 3 MeToro moaansIioro nporHo3yBaH-
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HS 3aJIMITKOBOTO PECYpPCy KOPITyCHOI 130s1iii 70 ii BiAHOBIEHHS a00 3aMiHH
1307111111 HA HOBY;;

— 6énepuie 3aPONOHOBAHO CTAHU SIKOCTI KOPITYCHOT 130JISILI1T TSTOBOTO €JIEKTPOBUTY-
Ha Ha OCHOBI NMPOBEIEHHs Kiacudikaiii CTyrneHs ii 3HOITYBaHHS;

— YOOCKOHAJIeHO MaTEMaTHUYHY MOJIeJIb BU3HAUCHHS palllOHAJIbHUX TEePIOiB BiIHOB-
nenHs koprycHoi 3ol TEJL E/[-118A 3 ypaxyBaHHSIM TEXHOJIOT11 BITHOBJICHHS,
MOYAaTKOBOTO CTaHY SIKOCTI 130JIS1Ii1 Ta 0OMEXKEHHSI Ha KPUTUYHE 3HAYCHHS 3BOPOT-
HOI HaIlpyru.

[Ipaktiune 3HaueHHs. OTpuMaHi B JUCEpTaliiHIA POOOTI pe3ynbTaTh OCIi-

JDKEHb BUKOPHCTOBYIOTHCSI:

e Cuyx0010 JOKOMOTHBHOrO rocmogapctBa PerioHansHoi ¢inii IlpuaHinmpoBcbka
3ami3HuLg  (akT BrOpoBajykeHHS pesynbrarie HAP  Ne  0118U005059 Bix
05.02.2019 p.);

o I[IpAT «MetamyprrpaHCpeMOHT (akT BIIPOBAKEHHS pe3yNbTaTiB
HJIP Ne 01190000430 Bix 23.04.2020 p.);

e Marepianu aAucepTaliitHOi poOOTH Ta pe3yNbTaTd M0 OTPUMAaHI MO 3aBEPILICHHIO
HAyKOBO — JochigHux poOit (Homepu aepxkpeectpanii Ne 0118U005059,
No 01190000430 ) BuKOpHCTOBYIOThCS Kadeapor «JIoOKOMOTUBWY YHIBEPCUTETY B
HAaBYAJIBHOMY TMpOIleci Ta Ha Kypcax MIABHILEHHS KBamidikamii MnpaiiBHUKIB
VYkp3amizHuill.

[Ipu anami3zi JOCTIHKEHbh CTOCOBHO OCHOBHHMX METOJIIB KOHTPOJIIO SIKOCTI 130JISIIil
TE/] Big3HaueHo, 110 y OLIBIIOCTI BUMAAKIB BUKOPUCTOBYIOTHCA METOAHU PYHHIBHOTO KOH-
TPOJIIO TTOTOYHOT'O CTaHy 130JIAM11, 5IKi, SIK MPABUJIO, HE JAlOTh aJIEKBATHOI OLIIHKUA CTaHy
1301511111 eNeKTpoABUTYHIB. JlocmiAHMKAMHU BIAMIYA€THCS, 10 HAMOLIbINY 1H(GOPMATUB-
HICTh PO MPOLIEC CTApiHHS 1301111 MalOTh TapaMeTpH, MOB'sI3aH1 3 IpoliecaMu adbcoporii
1 pecopOrrii B quHaMiii. Mojesi BiTHOBIIEHHS, 10 MPOMIOHYIOTHCA B Cy9acHUX IyOJTiKairi-
X, 4aCTO HE BPaxoBYIOTh nmoTouHuil ctad TEJ], 110 BIAHOBIIOETHCS 1 CTYIIHb BIIHOBJICH-
Hs1 (TEXHOJIOTIIO BITHOBJICHHs). MoJiel, 110 CTOCYIOThCS MPOTHO3YBAHHS PECYPCY 130JIS1I11

TEJI, nocnigHMKaMu OJTHO3HAYHO HE BU3HAYCHI. Pecypc MOAEIMIOEThCS K HAMPAIFOBAHHS
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(d4ac) Mi>k CYMDKHUMH HEYCYBHUMH BiIMOBaMU. BUXimHUMH HaHUMU, TIPH IILOMY, € 1H)O-
pMarlist Ipo BiAMOBU MPOTATOM AESIKOTO Yacy eKCILTyaTallii.

Ha migcraBi mpoaHaimizoBaHUX CydacHHUX JOCIIKEHb B pOOOTI 3alpOIIOHOBAHO JIJIst
BUOOpY pauioHanbHOl cuctemu yrpuMmanus TEJl 10koMOTHBIB BpaxOBYBaTH CTaH KOPITyC-
HO1 1307151111 Yepe3 yAOCKOHAICHHS CUCTEMH J1arHOCTYBaHHS Ta KOpPETyBaHHS Mi>KPEMOH-
THHX 1po6iriB TE]], BpaxoByr04Yu TEXHOJIOT110 BITHOBJIECHHS 130JI1111.

PosrnsayTo mportecu CTapiHHS 130JAIMIMHUX KOHCTPYKI[H, OCHOBHI METOJIU KOHT-
POJIIO 130JIAIlIT, a TaKOX KOHTPOJb CTaHy 130JIAIii 32 BEJIMYMHOIO 3BOPOTHOI HAIPYTH.
OTpumMaHo BHUpa3u A OOUYMCICHHS €MHOCTI 130JISMi1 Ta TaHT'€HCY KyTa A1eeKTPUYHUX
BTpAT 32 CXEMOIO MOCTY 3MIHHOTO CTpyMy. PO3risiHyTi B poOOTI XapaKTepUCTHUKU HEOJ-
HOPIHOCTI 13011111 0OYMOBIICHO HAsIBHICTIO 3apsiay abcopOilii, MaloTh mapamMeTpH, sKi
’KOPCTKO TOB'SI3aH1 3 MUTOMHMH E€JIEKTPUYHUMH BJIACTUBOCTSAMU 130Jsii. TomMy BUMIp 1
aHaJ13 TaKKX XapaKTEePUCTUK MOXKE JaTH KOPUCHY 1H(OpMAaITlito PO CTaH 130JIA11i1, PO Ki-
JBKICTh IIAPiB 3 PI3HUMHU BJIACTUBOCTSIMH, IIPO MUTOMI MapaMeTpH KX ImapiB. Gopmalib-
HO BCl a0COpOIIiiiHI XapaKTePUCTUKU MICTATh MPAKTUYHO OJHAKOBY 1H(OpPMAILIIIO TIPO 130-
JISILITO.

[IpoanamizoBano BimMoBu TEJ] JOKOMOTHBIB, YAHHUKIB BIIMOB 130JI11ii Yepe3 He-
crpaBHocTi 1HIUX eneMeHnTiB TE/]. [Tomupenoro npuunHoro HecipaBHocTi TE/] € nmpo6ii
130J141111 Ta MDKBUTKOBI 3aMUKaHHSI, Ha JOJIO SIKUX npurnaaae oiusbko 20% 1 24% Bin 3a-
rajJlbHOTO YMCJIa BIIMOB JJISl €JIEKTPOBO3iB 1 TETMJIOBO31B BiAMOBIIHO.

Byno BuKOHaHO BUMIpHU Ta MPOBEJEHO JOCIIKEHHS 3MIHU OIMOPY 13011111 00MOTOK
30ymKxeHHs royioBHUX noiitociB TEJ[ B 3anekHOCTI Bl mpoOiry B JITHIM Mepioj Ta B3UM-
Ky. Sk 3’sicyBanocsi, Omip 130Js1ii, BUMIPU SIKOTO MPOBOJUINCH METOMMETPOM, Ma€ piB-
HOMIPHHUN 3aKOH PO3MOJTY 1 HE 3aJIEKHUTh Bl ce30HYy. T0oOTO 11ei mapamerp (omip 130J15-
1ii) He € 1H)OPMATUBHUM 3 TOYKHU 30pYy J1arHOCTYBAHHS 1 MPOTHO3YBaHHS CTaHy 130JISI11
KOTYIIIOK TOJIOBHUX IOJIIOCIB. Byl crpoOu BCTAaHOBUTH 3aJICKHICTh OMOPY 130JISI1T BiJl
po0iry, 10 TaKoXX HE J1aJI0 O4IKyBaHHUX PE3YJIbTaTiB.

Bumip onopy i130m1ii cnoco6oM mpornoHoBaHuM «lIpaBunamMu peMOHTYy e€lneKTpud-
HUX MAIlIFH. ..» € JIUIIe KOHTPOJIb IbOTO MapaMeTpa, o0 BiH HE BUXOIUB 32 BCTAHOBJICHI

Mexi. A i1 oTpuMaHHS 1H(QOPMATUBHOTO J1arHOCTUYHOTO MapaMeTpa, 3a SKUM MOXKHA
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Oyno O cyauTH Mpo CTaH 130JALli B JaHUM MOMEHT 4acy 1 mepe0ayuTH 3MiHy ii cTaHy Ha
MaiOyTHEe HeoOximHa Oyna po3poOKka HOBUX METOJIB 1 CIIOCOOIB OLIHKHM CTaHy 130JSII1i.

AKIIEHTOBAHO yBary Ha Te, 1110, B MPOIIECI PEMOHTY HEOOXI1THO BUPIIITYBAaTH 3aB/IaH-
HS HE JIWIIE BITHOBJICHHS MPAIE3AaTHOCTI 130JSIIHHOT CUCTEMH, ajie i MPOTHO3YBAaHHS 11
3aJIMIIKOBOTO PECYPCY.

3anpornoHOBaHO MOKa3HUKHU Kiacudikallii, mporeaypy kiacudikallii, TpaHUYHI 3Ha-
YeHHs TapaMeTpiB MPOTHO3YBAHHS 3aJMIIKOBOIO PECYpPCYy KOPIYCHOI 130711
TEJl Hb-406. MeToto 3a7a4i MPOTHO3YBaHHSI 3aJIUIIKOBOTO PECypCy KOPIMYCHOT 13041111 €
BU3HAYCHHS CTAHIB SIKOCTI KOPIYCHOI 130JIAIIii TSTOBOTO €JIEKTPOJBHUTYHA 3a CIIOCTEpe-
’KEHHSIMH 3BOPOTHOT HANIPYTH HAa OCHOBI MPOBEACHHS Kiacudikallii CTyNeHs 3HOIIYBaHHS
13071511011 1[0 JIIarHOCTYETHCS, @ TaKOXK BU3HAYEHHS OI[IHOK HAIpAI[IOBAHHS 10 MOMEHTY
BITHOBJIEHHS 200 3aMiHHM 13071111 HA HOBY. MeTOIKa BU3SHAYCHHSI CTAHY SKOCT1 KOPITyC-
HOT 130JIA111T MICTUTB B CO01 po3po0IieHe nporpamMHe 3a0e3nedyeHHs kiacudikaiiii o0’ ekTiB
3a BBEJICHUMH MMOKA3HUKAMHU. 32 JAHOK METOAMKOIO MMPOTHO3YETHCS 1 3AJIUIIKOBUM pecypc
KOPITYCHOI 130JIsI11i1 710 11 BiHOBNIEHHs. BiAMOBIAHO 10 OTpMMaHOi Kiacudikaiii, B mporie-
Jypi pO30OUTTS HA KJIAaCH, BBEJIEHO HACTYIIHI CTali CTaHy KOPIYCHOI 130Js1ii: 1-a cTasis —
«3aJI0BUIbHUI CTaH»; 2-a CTafisl — «Iepe]] pEMOHTHUM CTaH»; 3- CTajisl — «CTaH IIiJIBU-
IIEHOTO PU3UKY». JlaHui croci0 BU3HAUEHHS CTaHIB SIKOCTI KOPIMYCHOI 130JIs1111 TPUHAHS-
TUWA B MeXaxX OJHOTO JENO, JOKOMOTHUBH SIKOTO 3a3BHYail €KCIUTyaTyIOThCs B OJHAKOBUX
YMOBaXx.

Po3pobiieno maTeMaTH4YHY MOJEIb MOOYJOBU MPOLIECY BIJHOBJICHHS KOPITYCHOI 130-
a1l B 00°eMi motounoro peMoHTy (I1P-3) 3 ypaxyBaHHsIM cTeneHi BIAHOBICHH, BU3HA-
YEeHO palliOHANIbH1 TEepPiOAM BIJHOBIEHHS KOPIMYCHOI 130Ms1ii B 00’emax [1P-3, xamiTanb-
Horo pemoHTy (KP-1) Ta mporuosyBanus pecypcy kopmycHoi 13osiii aas TEJ] E/I-118A.
OnTuMansHUMU 32 TMUTOMUMU BHUTpaTamMu MomeHTamu BimHoBieHb TEJ] EJI-118A no
KP-2 e: 360000 xkm — ITP-3; 567715 km — KP-1; 927715 xm — IIP-3; 1108430 xm — KP-
2. Ilepioguunicth BimHOBIeHHS [IP-3 ckimamae 7=360000 kM. Pe3ynbraT qocsiraeThes 3a
OTPUMAHOIO PAI[iOHATHHOIO TEXHOJIOTIETO.

OntumansHUMHU 3a npobirom momeHTamu BigHOBIEeHb i TEJL E/[-118A no KP-2

e: 180000 kM, 360000 xm, 540000 xm — IIP-3; 666715 xm — KP-1; 846715 kM,
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1026715 kM, 1206715 xkm — ITP-3; 1306430 xm — KP-2. [lepiognunicts BigHoBieHHs [1P-
3 cknamae, =180000 kM. Pe3ynprar mocsraeThes 3a OTPUMAHOO PAIiOHATEHOIO TEXHOJIO-
Ti€ro.

[lepionu BiTHOBJICHHSI KOPIYCHOI 130JIA1M11 HEOOX1H JyIsi TOOY0BH paIrliOHATBHOT
cuctemu yrpuManHs TE/], mo B cBOro 4yepry npusBejae A0 MiJABUIIECHHS iX eKCILTyaTallii-
HOT1 HAJIMHOCTI, 3MEHIIIEHHIO EKCIUTyaTallliHUX BUTpAT Ta MOKPAIIEHHIO TTOKa3HUKIB 0e3-
NEeKU PyXy MOi3AiB.

KnrodoBi cioBa: kopmycHa 130JI11is1, MaTeMaTUYHa MOJIENIb, CTAH 130JI41111, KJac-
TepHUN aHali3, MOKA3HUKH SKOCTI 130JIAIii, MEpioAM BIIMHOBIEHHS 130JA1li, CHUCTeMa
yTpUMaHHS.

Cnucok myoutikaiiiii 3m00yBaya:

- BKIIOYEHUX 00 MINHCHAPOOHOT HAYKOMEMPUYHOT 0a3u «Scopus):

Kapitsa, M., Laguta, V., Kozik, Y. Selecting the parameters of the diagnosis of frame
insulation condition in electrical machines of locomotives (2018) International Journal of
Engineering and Technology (UAE), 7 (4), pp. 110-114. DOI: 10.14419/ijet.v714.3.19718.
[Enextpon.pecypc] / — Peowcum oocmyny:

https://www.sciencepubco.com/index.php/ijet/issue/view/394.

- 6KJIIOUEHUX 00 MINCHAPOOHOT HayKomempuunoi 6a3zu «Web of Science»:

Kapitsa, M. Classification of Quality Conditions of a Traction Motor Frame Insula-
tion of Locomotives [Electronic resource] / Michail Kapitsa, Vasiliy Laguta, Yuriy Kozik
// MATEC Web of Conferences. — 2019. — Vol. 294 : 2nd International Scientific and
Practical Conference “Energy-Optimal Technologies, Logistic and Safety on Transport”
(EOT-2019). — P. 1-7. — Access Mode: [Enextpon.pecypc] / — Peowcum oocmyny:

https://www.matec-

conferences.org/articles/matecconf/pdf/2019/43/matecconf eot18 03002.pdf
(21.10.2019). — DOI: 10.1051/matecconf/201929403002.

- 6K104eHux 00 gaxoeux suoans Ilepeniky, 3ameeporceno2o Amecmauiitnor Ko-
miciew MOH Ykpainu:
Kozik 1O. I'. OntumanesHe 3a MUTOMUMU BUTPATaMHU IPOTHO3YBAHHS PECypCy KOpITy-

CHOI 130JIA11i1 TSATOBUX €JIEKTPUYHUX JBUTYHIB JJOKOMOTHBIB. 30. Hayk.mp. Jepx. yH-TY
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iHGpacTpykTypH Ta TexHosorii. Cepist: Tpancn. cucremu 1 TexHosorii. Kuis, 2019. Bum.

34. C. 3047. DOL: https://doi.org/10.32703/2617-9040-2019-34-1-3.

Jlaryra, B. B., Kosik, FO. I'. BusHaueHHs nepio/iiB BITHOBJICHHSI KOPIYCHOT 130JIS1111
taroBoro enektpoasuryHa EJ[-118A 3a cnoctepexxeHHsiMH 3BOpPOTHOI Hanpyru. Hayka ta
nporpec Tpancnopty. BicHuk JIHIMPOBCHKOTO HAIlIOHATIBHOTO YHIBEPCUTETY 3aJI13HUYHOTO
TpaHCcopTy 1MeH1 akanemika B.Jlazapsna. 2020. Ne 3 (87). C. 163-173. DOI:
10.15802/stp2020/208270.

- AKi  3aceiduyrwoms  anpodayilo mamepianie  oucepmauii Ha  HAYKOGUX
KoHghepenyiax ma ceminapax:

OOrpyHTYyBaHHSI METOAY KOHTPOJIIO CTaHy KOPITYCHOI 130JIALii TATOBUX €IEKTPUYHUX
MmairH JjokomoTuBiB. Jlaryra B.B., Ko3zik FO.I'. Te3u [Tekcr] 78 MixHapo1HOI HAyKOBO-
npakTHuHO1 KoH(pepeHiii «IIpobremMu Ta MepcneKTUBU PO3BUTKY 3aJI3HHMYHOTO TpPAHC-
nopty» [Tekct] [Himpomerp. HaIl. yH-T 3ai3H. TpaHcH. iM. akan. B.JlazapsHa. — [{Hinpo:
JlHinponeTp. HaIl. YH-T 3aJi3H. TpaHcIl. iM. akaj. B.JIazapsna, 2018, C.15

Bubip napaMeTpiB KOHTPOJIIO CTaHy KOPITYCHOI 130JISI11T €1eKTPUYHNX MAIIUH JIOKOMO-
tuBiB Kozik FO0.I'., Jlaryra B.B. Te3u [Tekcr]. XI MixHapoaHOi HayKOBO-ITPAKTHUYHOI
koH(pepenuii «CydacHi 1H(pOpMaliiiHI Ta KOMYHIKaliiHI TE€XHOJOTil Ha TPaHCIOPTI, B
IIPOMUCIIOBOCTI Ta OCBITI» [[HiMmpormeTp. Hall. yH-T 3aj1i3H. TpaHc. iM. akaa. B.JIazapsHa. —
Juinpo: JlHimponeTp. Hall. YH-T 3aJli3H. TpaHcI. iM. akaja. B.JIazapsna, 2017, C.38

MeTtoau BunpoOyBaHb 130JALUIHHUX KOHCTPYKIIN TATOBUX €IEKTPUYHUX MAILINH JOKO-
motuBiB  Kaminma M.I., Kozik HO.I'. MixHapoaHa HayKOBO-T€XHIYHA KOH(epeHIis
«TexHonorii Ta 1H(pacTpyKTypa TpaHCIOpTy», XapkiB, 14-16 tpaBus 2018 p.: Te3u
nomosinei. — Xapkis: Ykp/[Y3T, C.107-109

3acTOCYyBaHHS €HEPro3aolla/PKYOUnX TEXHOJOTIH 1]l Yac BUIPOOYBaHb 130JIAIMHUX
KOHCTPYKLINA TATOBUX ENEKTPUYHUX MamuH JokomoTuBiB. Kamima M.I., Jlaryra B.B.,
Ko3zik FO.I'. Marepianu M>KHapoaHOT HAyKOBO — MpakTUyHO1 KoHpepeniii (JIpBiB, 18-19
yepBua 2018 p.) — [uinpo.: [uinpomerp. Hail. yH-T 3ali3H. TPaHCH. IM. akaj.
B.JIazapsina, 2018, C.46-47

Kamnina M.I., FO.I'. Kozik HepyitHiBHI TeXHO0T1i KOHTPOJIFO KOPITYCHOI 130711111 TATO-

BUX €JIEKTPUYHUX MAaIIUH JIOKOMOTUBIB [Tekct]. TpaHcmopt 1 Jorictuka: nmpoOieMu Ta
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pimenHsa: 30ipHUK HayKoBuX mpaip 3a matepianamu VIII-i MixnapogHoi HaykoBo-
npaktuuHoi koHpepenuii, CeBepononenpk — Oneca — BinbhHioc — KwuiB, 23-25 tpaBHs
2018p. / CxigHOyKpaiHCHKMM HalllOHaNbHUM yHIBepcuTeT M. B. J[lans, Onecbkuit
HalioHanbHUN MopchKuit yHiBepcuteT — Oneca : KYITPIEHKO CB, 2018. — C.79

Ko3ik 1O. I'., Kamina M. 1. BuzHaueHHs onTrUMaabHOTO HampalfoBaHHs KOPIYCHOT 130-
nsuii TEJl mokoMOTHBIB 3 BpaxyBaHHSIM CTymeHi ii BigHOBJeHHs [Tekct]. HaykoBo-
TEeXHIYHUN mporpec Ha TpaHcnopTi: Te3u gomoBizet 79 BceykpaiHCbKOI HayKOBO-
TEXHIYHOI KOH(epeHIli MOJOJUX BYEHUX, MAriCTPAHTIB Ta CTYAEHTIB / JIHIMPOBCHKUIA
HaIl. YH-T 3a-JTi3H. TpaHcI. iM. akana. B. Jlazapsua. — J{ninpo : J[HINpOBCHKUIN Hall. yH-T
3aJIi3H. TpaHcI. iM. akan. B. Jlazapsna, 2019. — C78.

Ko3ik FO.I'., Jlaryra B.B. IIporao3zyBanHs pecypcy KOpIyCHOI 130151111 TATOBUX €JIEKT-
PUYHUX ABUTYHIB JJOKOMOTHBIB 3a mutoMuMu Butpatamu [Tekcr] / Kozik FO.I'., Jlaryra
B.B.// Te3u 79-1 MixHapoHOi HayKOBO-TIpakTHUHOI KoHpepeHIi «IIpodmemu Ta mepc-
MEeKTUBU PO3BUTKY 3aJlI3HUYHOTO TpaHCTopTy» 16-17 tpaBus 2019 p. — Jninpo: Bua-Bo
JHY3T, 2019. - C. 29 - 30.

Kamuna M.U., Ko3uk FO.I'., Jlaryra B.B. Ouenka octaTo4HOrO pecypca KOpIyCHOH
m3omsiun TOJ] meronom knaccudukamuu ee coctosamid [Texcer] /Kanmuma M.U., Ko3uk
10.T"., Jlaryra B.B.// IKC3T, 2018 Ne4 (momatox): Te3u 31-i MDKHApOAHOT MPaKTUYHOI
koHpepeH1i «IHpopmarliiHo-Kepy0Ul CUCTEMH Ha 3aT13HUYHOMY TPAHCIOPTI» — XapKiB:
Bun-so YxpIV3T, 2018. - C. 11 —12.

M. Kapitsa, V. Laguta, and Yu. Kozik Classification of quality conditions of a traction
motor frame insulation of locomotives AGENDA of the 2-nd international scientific and
practical conference "ENERGY-OPTIMAL TECHNOLOGIES, LOGISTICS AND
SAFETY ON TRANSPORT" DNIPRO NATIONAL UNIVERSITY OF RAILWAY
TRANSPORT NAMED AFTER ACADEMICIAN V. LAZARYAN RAILWAY
INSTITUTE; September 19-20th, 2019, Lviv, Ukraine.

ABSTRACT
Kozik Yu.H. Improving the Operational Reliability of Electrical Traction Machines of

Locomotives. Qualifying Research Paper as Manuscript.
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Thesis for the Degree of Doctor of Philosophy in Specialty 273 "Rail Transport". -
Dnipro National University of Rail Transport named after Academician V. Lazaryan, Dni-
pro, 2020.

The problem of improving the operational reliability of insulation of traction motors
(TM) of locomotives has been given constant attention. In accordance with the State Pro-
gram for Strategic Development of Railways of Ukraine, prepared by the State Research
Centre of Rail Transport of Ukraine together with the specialists from Ukrainian Railways,
a sectoral Programme for Renewal of Traction Rolling Stock of Railways for the period up
to 2020 was developed, which indicated the need to implement the next generation sys-
tems for maintenance and repair of traction rolling stock (TRS) and development of rele-
vant regulatory documents. One of the main tasks of the Program is to improve the opera-
tional reliability of traction motors and reduce operating costs by improving the system of
their maintenance.

The development of theoretical and methodological foundations that will ensure ef-
fective decision making regarding the selection and improvement of systems for mainte-
nance of TRS and its components is currently an urgent science issue, which is nowadays

of great importance for the rail transport of Ukraine.

The scientific novelty of the obtained results lies in the improved system for diagnos-
tics of frame insulation of TM of locomotives for the purpose of predicting its residual life
and improving the system for repair of TM frame insulation, taking into account the resto-

ration technology:

— for the first time, the equivalence of the maximum value of reverse voltage and the
value of integrated estimation of frame insulation performance was established;

— for the first time, an integrated indicator of the reverse voltage curve was suggested
for classifying the conditions of TM frame insulation in order to further predict the
residual life of frame insulation before its restoration or replacement;

— for the first time, the conditions of TM frame insulation performance were suggested
based on the classification of the degree of insulation wear;

— the mathematical model for determining rational periods for repair of frame insula-

tion of EJI-118A traction motor was improved, taking into account a restoring tech-
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nology, initial state of insulation performance and limits on the critical value of re-
verse voltage.
Practical importance. The research results obtained in the thesis are used:

e by the Service of Locomotive Facilities of the Regional Branch of Cisdnieper Rail-
ways (Certificate of Implementation of Research Work Results No. 0118U005059
dated 05.02.2019);

e by Metalurhtransremont PJSC (Certificate of Implementation of Research Work Re-
sults No. 01190000430 dated 23.04.2020);

e Materials of the thesis and results obtained upon the completion of research work
(state registration numbers No. 0118U005059, No. 0119U000430) are used by the
Department of Locomotives of the university in the educational process and ad-
vanced training courses for employees of Ukrainian Railways.

When analysing the research regarding the main methods for monitoring the TM in-
sulation performance, it was observed that in most cases the destructive testing methods
were used for monitoring the current condition of insulation, which, as a rule, did not give
an adequate assessment of the condition of electric motor insulation. The researchers point
out that the parameters associated with the processes of absorption and resorption in dy-
namics have the highest informative value concerning the aging of insulation. The models
of repair suggested in modern publications often do not take into account the current con-
dition of TM, which is repaired and the degree of repair (restoration technology). The
models related to predicting the residual life of TM insulation have not been unambigu-
ously defined by the researchers. The residual life is modelled as operating time between
two adjacent unavoidable failures. The initial data, at that, is the information about failures
during certain time of operation.

Based on the analysed modern research, it was suggested in the thesis, when choosing
a rational system for TM maintenance, to take into account the condition of frame insula-
tion by improving the system for diagnostics and adjustment of time between repairs of
TM, taking into consideration the insulation restoration technology.

The processes of aging of insulating structures, main methods for insulation monitor-

ing, as well as control of insulation condition by the value of reverse voltage were consid-
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ered. Expressions for calculating the capacity of insulation and dielectric loss factor for the
AC bridge circuit were obtained. The characteristics of inhomogeneous insulation consid-
ered in the work were conditioned by the presence of absorption charge and had parame-
ters firmly related to the specific electrical properties of insulation. Therefore, the meas-
urement and analysis of such characteristics can provide useful information about the con-
dition of insulation, number of layers with different properties and specific parameters of
these layers. Formally, all absorption characteristics contain almost identical information
about insulation.

The failures of TM of locomotives and factors of insulation failures due to malfunc-
tions of other TM elements were analysed. A common cause of TM malfunction is insula-
tion breakdown and turn-to-turn short circuits, which account for about 20% and 24% of
the total number of failures for electric and diesel locomotives, respectively.

Measurements were performed and the change in the insulation resistance of the exci-
tation windings of TM main poles, depending on the operating time in summer and winter,
were studied. It turned out that the insulation resistance, which was measured with a me-
gohmmeter, had a uniform distribution law and did not depend on the season. That is, this
parameter (insulation resistance) was not informative in terms of diagnostics and predic-
tion of the condition of insulation of the main pole coils. The attempts were made to estab-
lish the dependence of insulation resistance on repair interval, which also did not yield the
expected results.

The measurement of insulation resistance using the method suggested in the "Rules
for Repair of Electrical Machines..." provided only control of this parameter so that it did
not exceed the established limits. However, in order to obtain an informative diagnostic
parameter, by which one could judge the condition of insulation at the given moment and
predict the change of its condition in the future, it was necessary to develop new methods
and techniques for assessing the condition of insulation. The attention was drawn to the
fact that in the process of repair it was necessary to solve the problem of not only restoring
the performance of the insulation system, but also predicting its residual life.

The indicators of classification, procedure for classification and limit values of pa-

rameters for predicting the residual life of frame insulation of Hb-406 traction motor were
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suggested. The purpose of the task of predicting the residual life of frame insulation was to
determine the condition of TM frame insulation performance observing the reverse voltage
based on the classification of the degree of wear of the insulation diagnosed, as well as to
determine estimates of operating time before restoration or replacement of insulation. The
technique for determining the condition of frame insulation performance included the de-
veloped software for classifying objects according to the indicators entered. The residual
life of frame insulation before its repair was also predicted by this technique. According to
the classification obtained, the following stages of the condition of frame insulation were
distinguished in the procedure of dividing into classes: 1st stage - "satisfactory condition",
2nd stage - "before the repair condition" and 3rd stage - "high risk condition". This method
of determining the condition of frame insulation was adopted within one depot, the loco-
motives of which were usually operated under the same conditions.

The mathematical model for creation of the process of frame insulation restoration
within the scope of current repair (CR-3) was developed, taking into account the degree of
restoration, and rational intervals of frame insulation repair within the scope of CR-3,
overhaul (O-1) and prediction of the residual life of frame insulation for EJI-118A traction
motors were determined. The optimal, in terms of unit costs, moments of restoration for
EJI-118A traction motor before O-2 were: 360 000 km — CR-3; 567 715 km — O-1; 927
715 km — CR-3; 1 108 430 km — O-2. The interval of CR-3 was =360 000 km. The result
was achieved using the developed rational technology.

The optimal, in terms of operating time, moments of restoration for EJI-118A traction
motor before O-2 were: 180 000 km, 360 000 km, 540 000 km — CR-3, 666 715 km — O-1,
846 715 km, 1 026 715 km, 1 206 715 km — CR-3; 1 306 430 km — O-2. The interval of
CR-3 was 7= 180 000 km. The result was achieved using the developed rational technol-
ogy.

The intervals of frame insulation repair are necessary to create a rational system for
maintenance of traction motors, which in its turn will improve their operational reliability,

reduce operating costs and improve the train safety.
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