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Anomauia. Y cmammi 3acmoco8yemvci mMemoo CUHXPOHHO20 YCepeOHEeHHs
8ibpayii y uaci 0ns 8UOieHHs 0iA2HOCMUYHUX O3HAK MEXHIYHO20 CMAHY Ms208020
pedykmopa enekmponoizoa. ILleii memoo 3abe3neuye YCYHeHHS BUNAOKOBUX
CKAA00BUX 1 3ANUULAE YACMOMHI KOMNOHEHMU, 5KI € CUHXPOHHUMU 00 YACmomu
obepmanHs wiecmipui ma 3y6uacmozo Kojeca ms208020 pedykmopa. Po3paxosani
CHeKmpu NOMYHCHOCMI IOpayii nicisa CUHXPOHHO20 YCepeOHeHHs O003801AI0Mb 3d
HasA6HUMU  NOCUNIEHUMU  OIYHUMU  CMyeamu  6U3Ha4amu  JIOKANI308aHi U
PO3N0BCIOOIHCEHT NOUKOONCEHHS WeCmipHi abo 3yOuacmozo Koaeca.

Kniwowuoei cnosa: 6Oiuna cmyea, e6ibpayis, enekmponoizo, CUHXDOHHe
ycepeoHeHHs, CNeKmp, mAa2o8uil peoyKkmop, yacmoma.

Abstract. The paper deals with the time-synchronous averaging technique of
vibration signals for extraction of the features of the technical state of electric train
traction gearboxes. Simulation of the vibration of the faultless gear mesh, and
gearwheel with a cracked tooth and strong deterministic component was carried out.
The rotation frequencies of gearwheel and pinion, and the mesh frequency are clear
visible on the vibration power spectrum. Taking into account the poor visibility of the
sidebands around mesh frequency on the power spectra, the time-synchronous
averaging technique enhances the sidebands, the width of which corresponds to the
gearwheel rotation frequency and influences weakening of the sidebands of the
faultless pinion. During the experimental research the traction gearbox vibration of
electric train was acquired on the test bench in a depot, and the calculated power
spectrum has not identified sidebands and mesh frequency. After the time-
synchronous average within 18 revolutions for the pinion and gearwheel frequency,
the vibration power spectra were acquired. The time-synchronous average technique
eliminates random and non-synchronous components while keeping the frequency
components that are synchronous to the rotating frequency of the pinion and
gearwheel of the traction gearbox. On the vibration power spectra in the vicinity of
the mesh frequency the strong sidebands are visible, and they do not coincide with



the previously calculated rotation frequencies, which means the absence of
gearwheel faults. At the vibration power spectrum for the pinion there are six
sidebands in the vicinity of the meshing frequency that coincide with the previously
calculated pinion rotation frequencies, which means the presence of localized or
distributed faults for the pinion. Disassembling of the traction gearbox shows a crack
of the rolling bearing inner race and faultless state of the gear mesh. It was
established that the sensitivity of the time-synchronous average technique makes it
possible to identify not only localized faults extraction but also distributed faults such
as eccentricity and misalignment of the pinion shaft through the modulation of the
sidebands on vibration power spectra of the gearwheel.

Keywords: electric train, frequency, sideband, spectrum, synchronous
averaging, traction gearbox, vibration.

Beryn. Penykropu HaOyiau MIMPOKOTO TMONIMPEHHS B MAaIIWHOOYIyBaHHI.
BinHenaBHa miarHOCTYBaHHS PEAYKTOPIB MPUBEpPTAE BEIUKUN iHTEpec, 00 JT03BOJISE
BIJICJTI/IKOBYBaTH PO3BHMTOK ITOIIKO/KCHb JIJI1 YHUKHCHHS Henepea0auyeHuX 3YMUHOK
ob0naaHanHs [1], ckopouyBatu yac iX....IlpogoBxK e HH A TEKCTY

AHaJIi3 OCTaHHIX J0CJHiIKeHb i myOJikauniii. AHani3 BIOpaliifHUX CUTHAIIIB
3apEeECTPOBAHMX HAa KOPMYCl PEAYKTOPIB € OJHUM 3 Hahe(EeKTHUBHIMIMX CHOcOo0iB
JIarHOCTYBaHHSI TEXHIYHOTO CcTaHy. IIpoTsirom AekiibKoX aekaa Oysio po3po0sieHo
0araTo METO/IiB ...... [IpomoBX)XeHHS TEeKCTY ....[3, 4]

BuzHayeHHss MeTH Ta 3aBJAaHHSA J0cCJiI:KeHHs1. OTpUMaHHS 11arHOCTUYHUX
O3HAaK TEXHIYHOTO CTaHy TATOBOTO PEAyKTOpa EJNEKTPOIOoi3/la 3aBASKA METOAY
CHHXPOHHOI'0 YCepeITHeHHS BiOpailii y yaci.

st nocsirHeHHs chOopMyILOBaHOI METH MOTPIOHO PO3B’SI3aTH TaKi 3aB/IaHHS:

........ [IpomoBx)eHHS TeKcTy[5Ta7]

OcHOBHA YacTHHA J0CJiuKeHHsI. ['0JI0BHA BIIMIHHICTh pPyXOMOTO CKJIaJTy Bij
1HIIIOTO TTPOMUCIIOBOTO 00JIaIHAHHS TOJISITA€ Y CKIIAJIHIN B3a€MO/I11 KOHTAKTY KoJjieca-
periku, mo 30yaKye BiOpalliro 3Ha4HO BUIIY 3a BiOpaIlit0 BHACIIIOK IMOMIKOKEHb Y
TATOBUX PeIyKTOpax OCOOJMBO HA paHHIX CTaAisAX 1 BIUIMBAE HA HU3bKE BiTHOIICHHS
CUTHAJI/IITYM MiJ Yac J1arHOCTyBaHHS IPOTITOM PyXy OOpPTOBHMH KOMIUICKCAMH, JI€
O3HAaKHU TEXHIYHOTO CTaHy TATOBOTO peayKTopa 3axoBadi B mymi [16]. Po3B’s3anus
3aBJIaHHs 3 JiarHOCTyBaHHSA ... [[pomoBXeHHSA TekcTy ....[6,8-10]

Taomung 1
HazsBa ta0mumi

[TapameTp 3HavyeHHs [TpumiTku

... III0 BTBUHYYETHCS B MIMUJBKY W O OTBOPY JI0JlaBaHHS MacTHja B OMOPHI
MIAMKUIHAKA TIITATHAKOBOTO BYy3Ja TATOBOTO PEAYKTOpa EJIEKTpOoIoi3fga cepii
EP2T. Jlami curHam micias aHAjIOTOBOrO (PiIbTPYy HHM3BKUX YAaCTOT HAIXOAUTH JI0
¢ POBOTO CAMOMKCIIA € 3a3Ha€ TUCKpeTu3alii yactororo 46 kI (puc. 1). Curnan
4acTOTH OOepTaHHs MOTPiIOEH AJiI KOHTPOJIIO CTal0i YacCTOTH JAUCKPETU3allli yChbOro



BIOpaliiHOro curHaiy abo A TOYHOrO BHU3HAYEHHs Meploly oOepTaHHS IIECTIpHI
Yy 3y04acToro Kojeca TAroBoro peaykropa [15].
Mogens BiOpalii 0OAHOCTYIHYACTOTO PeAYKTOpa Oyie MaTh BUTJISA

y(t) = ZK:Xk (1+a,(t))cos(2nkf t+d, +Db, (1) (1)

ne X, —ammiityna k-oi rapMoHiKM 3y003a4eIIeHHS;

f =N.,f,=N,f, — yacToTa 3y003a4eIIcHHs, KA 3aly4ae 4acTOTy 0OepTaHHs
miecTipHi f, 13 uucioM 3y0iB mecTipHi N, 149acToTy oOepTaHHA 3yOuacToro koiueca f,
13 yncnoM 3y0iB 3yO4acroro koneca N, ;

a,(t), b, (t) — yHKuii MOgyIALIT;

¢, — mouaTkoBa (aza.

OyHKIIT MOIYJISIT BIMOBIIAIOTH 3@ MOIIKOKEHHS MIECTIPHI Ta 3y04YacToro
koneca. a, (t) ck1agaerbesi 3 1BoX ... [IpolOBXKEeHHA TEKCTY

Ha puc. 2 a HaBonaTbCs pe3ysibTaTH MOJENIOBaHHS 4yacoBoi ¢opmu BiOparii
CIIPaBHOT'O TSArOBOro penykropa enekrpomnoizga 3 N, =22, N, =75, f, =12,3811,

f,=3,65I'u, sKka BHpaXEHAa CUWIBHOIO NEPIOJUYHOI0 CKIAJ0BOI0 YacTOTH
3y0o3auemenns f =272,8 11 3 BUCOKOIO aMILTITYI00.
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Puc. 2. MonentoBanHs yacoBoi popmu BiOpailii TATOBOTO peIyKTOpa:
a — BiOpaIlis crpaBHOTO peaykropa 0e3 mymy; 6 — BiOpallisi CipaBHOTO peayKTopa i3
IIyMOM

Jlam 37iACHIOETBCS MOJIETIOBAHHS JIOKAJBbHOTO TOIIKO/DKEHHS BIIKOIYy 3y0a
3y04acToro Koiieca, IO CIPUYHMHSIE ONUHUYHUN ymap 1, SK HACTINOK, 30ypeHHS
Y3IIOBX YChOTO YaCTOTHOTO... [[pOTOBXEHHS TEKCTY

BucHoBku. PesynbTaTé MojenroBaHHsS BiOpaiii 3y04acToro 3aderuieHHS 3
BIJIKOJIOTUM 3yOOM 3y04acToro koseca MpOJAEMOHCTPYBaJIM €(PEKTUBHICTb METOIY
CUHXPOHHOTO YCEPEIHCHHS BH3HAYATH 1€ MOIIKOKEHHS Ha CIIEKTPi MOTY>KHOCTI 3a



HasBHUMHM OIYHMMM CMyrami. BiaXuieHHsi pe3yibTaTiB €KCHEpPUMEHTY BiJl
pe3yabpTaTiB MojetoBaHHs He nepeBuiye 0,44 %.

Ha BiaMiHYy BiJ KJIACMYHHMX CIEKTPAJbHUX METOMAIB 3alpONOHOBAHMIA
METOJI CHHXPOHHOT'O ycepeaHeHHs BiOpanii ... [I[po1oBXeHHSA TEKCTY
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