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VJIbTPA3BYKOBOM JATUAK KOHTPOJISI YPOBHA KUJIKOCTH

AHHoTanus. Konmpons yposus scuokocmu 00CMamouto 6adiCHAs NPOOIeMAa 60 MHO2UX OMPACTAX MEeXHUKU. B
PAMKAX 2#CeNe3HO00POHCHO20 MPAHCNOPMA OAHHAS NpobaemMa 8UOHA HA npumepe NOOUUNHUKO8 CKoabdceHus. OOHuM
U3 Haubonee GANCHBLIX NOOUUNHUKOE CKOIbIICEHUS ABNAIOMCA MOMOPHO-0CEBOU NOOWUNHUK 2PY308bIX DNIEKMPOBO308,
Komopulil, no Kpaiuel mepe, ewe okono 40 rem 6y0ym NPUMEHAMbCA HA 2PY308biX TOKOMOMuUBax. Taxkou noOwunHuK
6noOIHe HadedxceH 8 cyuae O0CMAmMOUH020 OISl €20 CMA3bIBAHUA YPposHs cmasku. Haubonee npocmoti cnocod konmpons
VPOSHA 3aNpagKy CMA3KU AGIAEMCA KOHMPOb ee YposHA no nepeaugy cmasku. Oonako 6 smom cayyae 0,5 — 1,5 numpa
CMA3Ku HA OYKCYy MOMOPHO-0Ce8020 NOOWUNHUKA Heu30excHo mepsemca m.K. 6 12-ocesom snekmpogose 24 6ykcwl,
nomepu cmasku Ha 3anpaexy npu TO-2 (kajcovle 5 OHell) cocmasisiiom 3HauumenvHyio eeiuyuny. Baoicnoi uacmoio
MHO2UX U006 MPAHCNOPMA OJiA JICENe3HbIX 00pPOo2 CUUMAEMCcs MOMOPHO-0cegol nodwunnuk. Kax neomwvemnemas
Y4aAcmb MHO2UX ONOPHLIX Y3106 OOHOUMEHHO20 0N0KA, usdenue npunumaem Ha cebs oyenv OobUUE OUHAMUYECKUE
Hazpy3Ku, a makice Hazpy3Ku om mpenus. UmenHo smum u 00bACHAEMCS e20 BANHCHOCHb — 6€30NACHOCb INEKMPOBO-
308 U MENOBO308 80 MHO2OM 3AGUCUN OM KOJIECHO-MOMOPHO20 DIOKA, €20 HAOEHCHOCMU 8 IKCNIYAmAayuu, a ona odec-
neuueaemcs, 8 YacCmMHOCmu, IMum noOwunHukom. Om nezo Jice 3a8UCAM PEMOHMONPULOOHOCMb U 603MOICHOCIIU TeX-
HUYeCK020 00CYICUBAHUS MOMOPA. [l KOHMPONS HATUYUA MACAA JYHWMUM 00PA30M NOOX0OUM AKYCHMUYecKull Memoo
koumpoas. OOHOU U3 CaMbIX 6AJNCHLIX obnaAcCmel NPUMEHEHUs YIbMPa38yKO8020 KOHMPOA ABNAEMCA UMepeHue
OCMAmMOYHOU MOIWUHBL MEEPOLIX U AHCUOKUX Mamepuanos. Ha dannom memoode ynbmpas8yKo6020 KOHMPOIA OCHOBANHA
cucmema KOHMPOs 3aNOTHEHUs, MOMOPHO-0CEBLIX NOOUUNHUKO8 MacioM. Paboma demaneii u cOopounvix eounuy no-
O0BUDICHO20 COCMABA ICENIE3HOOOPOICHO20 MPAHCNOPMA CEA3AHA C 6030€lCMEUeM HA HUX NePeMEeHHbIX NO GeluduHe
HA2py30K, 6 MOM Hucie yukiudeckux. Hanuuue makux dKCniyamayuoHHblX HA2PY30K Gbl3bléaem 603HUKHOGEHUe YCma-
JIOCHHbIX Mpewur 6 0emansix ¢ NOCIeOYIOWUM UX pazpyuleHueMm. Yuém enuanus ycmanocmuozo paspyulenus Ha pecype
Oemarneli oyeHusaemcs, KaxK npasuio, Nymém pecypcHozo UCnbiManus ONbiMmHbIX 00paA3yos u30enull, a maxice onvima
IKCHAyamayuyu nooooHwsix KOHCmpyKyuu. Takol nooxo0 céa3amn co 3HAYUMENbHbIMU 3aMPAMAMUL, C8A3AHHBIMU C HE0O-
X0OUMOCMbIO U320MMOGLEHUEM UCHBIIYEMbIX 00PA3YO08 U NOCAEOYIoWe20 Ux UCnblmanusmu. B oannoii pabome npeono-
JHCeH MemoO UCCe008AHUSL MAMEPUANO8, U3 KOMOPLIX OYOym u320mognenvl bedyroujue 0emaiu nymem co30aHuUs cne-
YUATLHO BBINOIHEHHBIX 00PA3YOS, NO3BONAIOUWUX CHOPMUPOBAMb 6 HUX HANPAICEHHO-0eOpMUposanHoe cocmosHue,
coomseemcmeyroujee momy, Komopoe 6yoem co30a6amsvcs 8 0emMausAx npu ux IKcnayamayuu. B pesynemame ucnvima-
HUsL 06pA3YO8 MAMEPUAIO8 HA CREYUANbHO PA3PAOOMAHHOM CMeEHOe, MONCHO NOLYUUMb KOJIUYECMBEHHYIO OYECHKY
YCManoCcmHou nPoYHOCIU NPOEKMUPYeMblx oemaieli 8 1a60pamopHbIX YCA06UAX MUHYIO IMAN NPOGEOEHUS PECYPCHBIX
uCnvlmaHull onvimHuwlx 06pasyos. Paspabomannwiii Memoo oyenku ycmanoCmHol RPOUHOCTNU MAMEPUATO8 NO380UM
CHU3UMb CPOKU U CIOUMOCIb 66004 6 IKCNILYAMAYUI0 HOGbIX 0emaneu u COOPOUHbIX eOUHUY, YMO NOOYEPKUBAEM €20
aKmyanibHOCHb.

KitioueBble CJI0Ba: MOMOPHO-0CEB0U NOOUURHUK, AKYCMUYECKULI Memo0 KOHMPOs, 6€30nacHoCmb.
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ULTRASONIC LIQUID LEVEL MONITORING SENSOR

Abstract. Liquid level control is quite an important problem in many branches of technology. In the framework
of railway transport, this problem is visible on the example of sliding bearings. One of the most important sliding bear-
ings is the motor-axial bearing of electric freight locomotives, which will be used on freight locomotives for at least
another 40 years. Such a bearing is quite reliable if the level of lubrication is sufficient for its lubrication. The easiest
way to control the level of filling of the lubricant is to control its level by overflowing the lubricant. However, in this
case, 0.5-1.5 liters of grease on the axle box of the motor-axial bearing is inevitably lost because in a 12-axis electric
locomotive there are 24 axle boxes, the loss of grease for refueling at TO-2 (every 5 days) is a significant amount. An
important part of many types of transport for railways is considered to be a motor-axial bearing. As an integral part of
many support units of the same block, the product takes on very large dynamic loads, as well as friction loads. This
explains its importance-the safety of electric locomotives and diesel locomotives largely depends on the wheel-motor



unit, its reliability in operation, and it is ensured, in particular, by this bearing. The maintainability and technical
maintenance capabilities of the motor also depend on it. The acoustic control method is best suited for monitoring the
presence of oil. One of the most important applications of ultrasonic testing is the measurement of the residual thick-
ness of solid and liquid materials. The system for monitoring the filling of motor-axial bearings with oil is based on this
method of ultrasonic testing. The work of parts and assembly units of railway rolling stock is associated with the impact
on them of variable loads, including cyclic loads. The presence of such operational loads causes the appearance of fa-
tigue cracks in the parts with their subsequent destruction. Taking into account the impact of fatigue failure on the life
of parts is estimated, as a rule, by resource testing of prototypes of products, as well as experience in the operation of
such structures. This approach is associated with significant costs associated with the need to manufacture test samples
and their subsequent testing. In this paper, we propose a method for studying the materials from which the missing
parts will be made by creating specially made samples that allow them to form a stress-strain state corresponding to
the one that will be created in the parts during their operation. As a result of testing samples of materials on a specially
designed stand, it is possible to obtain a quantitative assessment of the fatigue strength of the designed parts in labora-
tory conditions, passing the stage of carrying out resource tests of prototypes. The developed method of evaluating the
fatigue strength of materials will reduce the time and cost of commissioning new parts and assembly units, which em-
phasizes its relevance.
Keywords: motor-axial bearing, acoustic control method, safety.

Beenenue

AKycTHUYECKHE CPEACTBAa U3MEPEHUN YpOBHs. B Hacrosiee Bpems, NPeyIoKEeHbl PA3IMYHbIC
MIPUHLUIIBI IOCTPOCHUS aKYCTUYECKUX YPOBHEMEPOB, U3 KOTOPBIX IIMPOKOE PACIPOCTPAHEHUE TO-
JIy4rJI IPUHLHII JIOKAIMKA. B COOTBETCTBUM C ATUM NPUHLUAIIOM U3MEPEHUE YPOBHS OCYLIECTBISAIOT
[0 BPEMEHHU MPOXOXKJICHUS YIbTPA3BYKOBBIMU KOJICOAHUSIMH PACCTOSIHUS OT M3JIydaTessi 10 TpaHu-
bl pa3Jiesia IByX CpeA W OOpaTHO O MpHEeMHUKA HM3iydeHus. JIOKalus rpaHumbl pa3aena IBYX
Cpell ocylIecTBIsieTcsl IMO0 CO CTOPOHBI Ta3a, JIMOO CO CTOPOHBI paboueit cpelbl (KUAKOCTU WU
CBIIIYYEro MaTrepuaia). Y poBHEMEPHI, B KOTOPBIX JIOKALMsl TPAHULIBI pa3jieia ABYX Cpell OCYIIECTB-
JII€TCA Yepe3 ra3, Ha3blBalOT aKyCTUYECKHMH, & YPOBHEMEPHI C JIOKALMEW rpaHulbl pas3jiena JByX
cpen yepe3 cioi pabouelt cpelibl — yIbTPa3BYKOBBIMHU.

BonbIMHCTBO METO/IOB YIBTPa3BYKOBOTO MCCIIEIOBAHUS HCIIONB3YET MO0 MPOIOJIbHEIE, JIH-
00 morepeyHble BOJMHBI. Takke CyHMIECTBYIOT M ApYyrue (OpMBI pacIpOCTPaHEHHUS YIbTPa3BYKa,
BKJIIOYasl TIOBEPXHOCTHBIE BOJIHBI U BOJHBI JIaM0a. [IpooibHbIe yiIbTpa3ByKOBbIE BOJHBI — BOJIHBI,
HaIlpaBJICHUE PaCIPOCTPAHEHHsI KOTOPBIX COBIIAJIAET C HAIIPABICHUEM CMEIICHUN U CKOPOCTEH Ya-
ctul cpensl. [lonepeynsle yIbTpa3ByKOBBIE BOJIHBI — BOJIHBI, PaCIpPOCTPAHSIOIIUECS B HaIlpaBlle-
HUH, NEPIECHAUKYISIPHOM K IUIOCKOCTH, B KOTOPOM JIEKAT HAIIPaBJICHUS CMEIIEHUN M CKOPOCTEH
YaCTHUI TEJNA, TO XK€, YTO U CIBUTOBBIE BOJIHBI.

TeneBoii meron ynbTpasBykoBoro koHTpoisis (Y3K). MzmyuaTenb yiabTpa3BYKOBBIX BOJIH,
OOBEKT KOHTPOJS M MPUEMHUK O0pa3yrOT «aKyCTUYECKHH TPaKT», MO HAINYMIO KOTOPOI'O PEru-
CTPUPYETCSl CUTHAJI O HaJIM4MM Macia. Eciau Ha NyTH ylIbTPa3BYKOBBIX BOJIH OT M3JIydarels 10
IpPUEMHHUKA HAXOJUTCS, OTpaXKarolllas WIM PaccerBarollas yJIbTPa3BYKOBBIC BOJHBI, 00JacTh, TO
YpOBEHb IPUHATOIO CUTHAIa MUHHUMAJIEH.

[Tee303neKxTpuueckue npeodpazoparenu (nanee [1911) npuMeHsOTCS B yIbTPa3ByKOBOM KOH-
TpOJie, BBICTYNAsl B KaueCTBE M3JIydarels U MPUEMHHKA YJIbTPa3ByKOBOTO MMITYJIbca, 00OpabaThiBa-
€MOro YJIbTpa3BYKOBbIM JedekTockonoM. [Ipunuun neiicreus [13I1 ocHOBaH Ha Mbe30dIeKTpUYE-
CKUX 3¢ (deKTax — ABICHUN BOZHUKHOBEHUS JIEKTPUUYECKON MOJSpHU3AUK 1O JeHCTBHEM MEXaHU-
YECKUX HAIIPSHKEHUN U U3MEHEHUE T€OMETPUYECKUX Pa3MEpPOB B TaK IPUIIOKEHHOW Pa3HOCTH II0-
TEHIIMAJIOB.

[Mpunmun gevictBust [1911 3akimrouaeTcs B TeHepaluu yIbTpa3BykoBoil BomHBI (Y3) U mpeod-
pa3oBaHUM YJIbTPA3BYKOBOM BOJIHBI B AJIEKTPUYECKUIl curHail. J[aHHBIM MPUOOPOM OCYIIECTBIISIOT
aKyCTHYECKUN KOHTPOJIb 00BEKTOB KOHTPOJIS Ha HAJTMUKE HECITUIOIIHOCTEH.

ITocTpoeHue cUCTEMBI aKyCTHYECKOI0 KOHTPOJIA
KoHcTpyKins Nnbe30371eKTpUUecKOro JaTunka OCHOBaHA Ha MPUHLUIE MPOXOXKICHUH Y3
BOJIHBI Yepe3 >KUIKOCTh. JlaTuuK MpeacTaBisieT co0oil 1Be Mbe30IUIACTUHBI PACIONI0KEHHBIE APYT



Ha MPOTHUB Jpyra. J[Be TIACTUHBI U KUAKOCTh MEKIY HUMH 00pa3ylOT aKyCTUYECKYIO CUCTEMY, 10
KOTOPOH MPOUCXOANUT PACIPOCTPAHCHUE M PETUCTPALIUS YIbTPA3BYKOBON BOJTHBI.

JJis MOCTPOCHHMSI aKyCTUIECKOM CUCTEMBI KOHTPOJISI Maciia ObUT pa3paboTaH aTYMK, KOTOPBII
obecrieunBaeT CTaOMIBLHYIO U 0€30IMO0YHYI0 perucTpaIuio Macia, puc. 1.
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Puc. 1. AkycTuyeckasi cxeMa JaTYHKA

KoHcTpykuus faTumka MpocTa M KOMIIAKTHA, 4TO oOecleyrBaeT LIMPOKHUM aAnana3oH obia-
CTEH MPUMEHEHUSI TaHHOTO JaT4HKa.

[TpuHuun pa®oThl JaTyMKa MMOCTPOEH HAa TEHEBOM METOJAE aKycTHdecKoro koHtpoussd. CyThb
MIPUMEHSIEMOI0 METOJa JUIsl JaHHOrO JAAaTYMKa 3aKJI0YaeTcsl B TOM, YTO KakK TOJBKO Ha BBIBOJAX
IIPUEMHOM IUIACTUHBI MOSBISAETCS PA3HOCTh MOTEHIUAIOB MOKHO CYIUTh O TOM, YTO MEXIY IUIa-
CTMHAMM HAaXOJUTCS Cpelia B KOTOPOM pacmpocTpaHsercss Y3 BOJHA, 3TO 3HAYUT YTO MEXIYy IUia-
CTMHAMM HaXOJUTCsI KOHTPOJIUpPYyeEMast )KUIKOCTb

@®opMbl U pa3Mep JaTurKa MO3BOJIAIOT IOMECTUTh €r0 B Y3KHE EMKOCTH WJIM MacJIOIpPOBO/IbI.
®dopma fgatumka obecredrBaeT OecrpensaTCTBEHHbIN CKBO3HOM TOK Macia. Bo Bpems TeueHus mana
yepe3 JaTyuk o0pa3yercs aKkyCTMUECKUH KOHTAKT U MO0 HAJIWYHUIO 3TOr0 KOHTAKTa PErUCTPUPYETCS
HaJIMuue macia.

KoHcTpykuust maTumka mpocTa ¥ KOMITAKTHA, YTO OOEeCTeYrBaeT MIMPOKHUHA Juana3oH obia-
CTEH IPUMEHEHMS JTaHHOTO JaTYHKa.

[TpuHuun pa®oThl AaTYMKa MOCTPOEH Ha TEHEBOM METOJIE€ aKyCTHUecKOoro KoHTpouss. CyTb
IIPUMEHSIEMOr0 METOAA Ul JAHHOIO JAaTYMKa 3aKJI0YacTcsd B TOM, YTO KAaK TOJIBKO Ha BBIBOJAX
MIPUEMHOM IUIACTUHBI MOSBISETCS PA3HOCTh MOTEHIMAIOB MOKHO CYIAUTbh O TOM, YTO MEXIY IUIa-
CTMHAMM HaXOIMTCS Cpelia, B KOTOPOU pacnpocTpassieTrcs Y3 BOJIHA, 3TO 3HAYUT, YTO MEXKIY IUIa-
CTHHAaMU HAaXOIHUTCS KOHTPOJIHpYyeMast )KUAKOCTh, PHC. 2.
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Puc. 2. Ipuauun padoTsl mpeodpa3oBaTeis

[lepenaromas mpe3omnactuia Z1 reHepupyeT 30HAMPYIOIIMNA HMITYJIbC, KOTOPBIM pachpo-
CTpaHseTCs 4epe3 OOBEKT KOHTPOJIS, IPH €ro HAJIWYHH, B JaHHOH paboTe paccMaTpHUBAIOCh MaciIo.
3areM Mbe30IIaCTHHA NIPUEMHHUKA Z2 HaYMHAET KOoleOaTbCs B TAKT C 30HIUPYIOIIEM UMIYJIbCOB U
n3-3a 00paTHOro Mbe30d(deKTa Ha BHIBOAAX IJIACTHHBI 00pa3yeTcsl pa3HOCTh MOTEHIMAaNa, KOTO-
pBIi B TANbHEHIINM U MOJUICKUT peructpaunu. KoHeuHblil BapuaHT AaTurKa MPEACTaBIEH Ha pHC.

3.



Puc. 3. IlaT‘ll/lK HAJINYUA WIH OTCYTCTBHUA KHAKOCTH

JlaTyuk cTaOMIIBHO PETUCTPUPYET HATMYUE WM OTCYTCTBUE KUAKOCTH MEX/Y IbE30IUIaCTH-
HaMH.

[Tocne cuATUS ocumiiorpamMm Oblila COCTaBIIEHa IMarpaMMa HalpaBICHHOCTH YIbTHPA3BYKO-
BOI BOJIHBL. JlparpamMMa HanpaBJIEHHOCTH MPEACTABISET 3aBUCUMOCTb HHTEHCUBHOCTb IIPUEMHOI0
CHTHaJIa OT yIJla HakJloHa. /luarpamMMa HarpaBJIeHHOCTH MpeJICTaBlIieHa Ha puc. 4.
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Puc. 4. lnarpaMma HanpaBJeHHOCTH YJbTPa3BYKOBOI'0 My4Ka

Ilo nuarpamme HanpaBIEHHOCTH MPOCIEKHUBAETCS 3aBUCUMOCTh IIPUEMA YPOBHS CUTHAIA OT
yIJla HAaKJIOHa Mepeaarolleld IUIAaCTHHBI K MPUEeMHON. MakcuManbHbI YPOBEHb CHUTHAJI CO CXEMBI
IIPUEMHMKA OCYILIECTBIISIETCA ITPH yriie HakioHa 0° u cocrasisier 70 MB.

3akiil0ueHue

PazpabGoTannblii naTunk oOecrieunBaeT CTAOMIBHYIO U O€30IMO0YHYI0 PETUCTPAIUI0 Maca,
YTO MO3BOJIAT TOYHO KOHTPOJIUPOBATH HAIMUYWE WIM OTCYTCTBHE Malla B cucTeme. J[aHHBINH MeTo.
MIPOCT M HAJIe)KEH B SKCILTyaTalliu.
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