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Cpenu OCHOBHbIX MPUYNH, KOTOPbIE
npuBoAAT K kKaTacTpogam, aBapusim

M 3HaA4YNTEJIbHbIM MaTtepuasibHbIM 3aTtparam
Ha XeJs1e3HOA0POXXHOM TpaHcrnopTe,
Hen3MeHHO ocTaloTcs AegeKTbl kosec

v GyKCOBbIX y3J10B BaroHoB. B cBs3un

C 3TUM KpariHe Ba>KHOU 3aga4vyen saBnseTcs

UX AOCTOBEPHOE U TOYHOE BbisiIBJIeHUe

Ha paHHeWV cTaguv 3apoxxaeHus. B ctatbe
npengsoxeHa HoBasi 6opToBasi 6ecrnpoBogHas
AnarHocTu4yeckasi CUCTeMa naccaxxupckoro
BaroHa, npegHa3Ha4YeHHas 4Jisi BbisiBJIeHUS
AedeKToB KOsIeCHbIX Nap, B OCHOBE KOTOPOH
JIeXXUT MeToa aKkycTu4eckoro KoHTposs. lMox
KYy30BOM KpensTCsi MUKPOG@OHbI, C MOMOLL|bIO
KOTOPbIX B aBTOMaTnN4eCKOM pexxmme
OCyLLEeCTB/ISIOTCS 3anNUCb U aHaJIN3 4YaCTOTHOIo
Avana3oHa aKkyCTU4YeCcKoro curHasia ot Kosiec
1 6yKCOBbIX noaLunrnHUKoB, No3BeoJisilowne
CBOEBPeMeHHO PUKCUPOBATb OTK/IOHEHUSI

OT 3a4aHHbIX HOPM.

BboproBasi auarHocTuyeckasi cuctema

nMeeT HeCOMHEeHHbIe NpeuMyLyecTBa

nepeg cBONMMU Ha3€e MHbIMU aKyCTU4Y€CKUMU
aHasioramu, rnocKoJibKy rnocsieaHue uMeioT
npob6siemMsi ¢ OCTOBEPHOCTbIO ANarHo3a
n3-3a HeratTUBHOr O BJ/INSIHUSI HQ TOYHOCTb
apdekra Jonnepa.

KnroueBble croBa: BaroH, KonecHas napa,
r1oBpPeXAeHVs KONeC, ANarHoCTka 4eeKToB,
akycTudeckuii metos, 6opToBasi cuctema
KOHTPOJIS.

BE3SOINACHOCTE

CucTtema akycTu4eckoro
KOHTPOJI1 KOJIECHbIX Nnap
BO BpeMS ABNXEeHUs

Bonoapenro Bauecaae Baadumuposuu — kanouoam
MexHU1ecKux Hayk, doyerm Kagedpsl « Bazonvr»
Yikpaunckoii eocydapcmeennoi axademuu
Jcene3nodoposctoeo mpancnopma (YxplAXKT),
Xaporos, Yipauna.

Crypuxun JImumpuii Heopeeuw — accucmenm
Kaghedpwl «Baeonvr» YkplAXKT, Xapvkos, Ykpauna.

MOCJICHUE TOIBI CPEIU OTKA30B Y3JIOB
1 000pYIOBaHMSI MACCAXKUPCKUX BATOHOB
B ITyTH CJIEIIOBAaHUSI OCHOBHAST X YacTh
rajgaeT Ha KoJiecHbIe napbl (54%), mpudeM 00J1b-
LIMHCTBO Ie(GEKTOB — 3TO BhILLEPOMHEI (44%),
no13yHbl (14%) v HaBaps! (5% ) Ha TOBEPXHOCTH
KaTaHus1 Kosec [1, 2]. MHOrumMu rccieaoBaHu-
SIMM JT0Ka3aHa 3aKOHOMEPHOCTD MOA00HBIX
(hakTOB M CBsI3aHA OHA C OTPULIATETHHBIM BITHSI-
HMEM HEPOBHOCTE! KOJIeC Ha TPOYHOCTh U I0J1-
TOBEYHOCTh OCeil KOJIECHBIX T1ap, POJIMKOBBIX
TTOIIMITHUKOB, PEIYKTOPOB TOABATOHHBIX I'e-
HEpaToOpOB, CTPEJIOYHBIX MEPEBOIOB, PEILCOB,
CBAapHbIX 1 U30JIMPYIOLINX CTBIKOB, OOJITOBBIX
coeauHeHuit [3—7].
[ToJTHOCTBIO MCKITIOYUTh MOSIBIEHUE OTKA30B
B BUIE JIOKAJIbHBIX HEPOBHOCTEM Ha TIOBEPXHO-
CTH KaTaHUs KOJIeC KOHCTPYKIIMOHHBIMU, TEX-
HOJIOTMYECKMMU 1 SKCILTyaTallMOHHBIMU Mepa-
MM CJIOXKHO, TIOCKOJIBKY IPUYMHAMM MX BO3HUK-
HOBEHHUST MOTYT OBITh CJTyJaiiHbIe HEIPOIHO3M-
pyeMble (aKTOpbl: KPaTKOBPEMEHHBIE
JIMHAMUYECKUE Pa3rpy3KU KOJECHBIX Tap Mpu
MPOXOJIE 0 HEPOBHOCTSIM PEJIbCOBBIX TYTEH,
HEMOCTOSTHCTBO KOA(M(UIIMEHTa CLEIICHUS
KOJIEC C peJibcaMU U T. 1. B 3TOM citydae akTyaib-
HOI1 CTAHOBMTCS 3a/1a4a OIePaTHBHOTO BBISIBIIE-
HUSI BO3HUKILIETO B IyTH CJeIOBaHMs nedhekTa
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KoJieca M CBOEBPEMEHHOTO OITOBEIIICHMSI TIOE3/I-
HOI OpuTaIbl 1 XKeJIe3HOMOPOKHBIX CITYXKO /111
MPEAOTBPALLICHUS yTPO3bI 0€30ITaCHOCTH IBMXKE-
HMSI, MUHUMU3ALIY BEPOSITHOTO yIliepOa 1 Co-
KpalleH!sI BpeMEHU Ha TEXHUIECKOE OOCITYKH -
BaHMUe I1oe3/1a.

CunrtaeM HeOOXOIMMBIM MPEXIE BCETO OIle-
paTUBHOE OOHApY:KeHUE TOJI3YHOB 1 HaBapOB
Ha KOJIECHBIX Tapax MacCaXkMpPCKUX BarOHOB,
KOTOpBIE ITPH 3aKaTbIBAHUY 00Pa3yloT HEPaBHO-
MEPHBII IIPOKAT, 0COO0 OITACHBII ITPU ITOBBILIIECH-
HBIX CKOpOCTsX aBrkeHus (120—160 xkm/4)
U TPYITHO MONAAIOLINIACS BBISIBIICHUIO B 9KCILTY-
arainuu. B Mecrax 3akaTaBIIMXCS TTOJ3YHOB
U HaBapOB, [TOMUMO ITPOYETO, ITPOUCXOIUT BbI-
KpallMBaHUe CTaId 000a, YTO B JaTbHEHIIIEM
MPUBOIUT K Pa3pyIIeHUIO Kojeca.

TexHMUeCcKOe COCTOSTHHE KOJICCHBIX Tap Ha-
nbosee MOJHO MPOSBISIETCS MPU IBYKCHUMN
B IIpoliecce B3aMOICICTBUS ¢ penbcamu. Ko-
POTKME HEPOBHOCTH Ha TIOBEPXHOCTU KaTaHMS
KOJIeC BbI3BIBAIOT YIapHbIC HATPy3KW, MTHULIN-
PpYIOIIIME 3ByKOBbIC KOJIEOaHMST HETIOAPECCOPEH-
HbBIX YacTeii BAroHa, ¥ TIOTOMY MOTYT ObITH OOHA-
PYKEHBI CpeICTBAMU aKYCTUUECKOTO (IITyMOIM-
arHOCTUYECKOT0) KOHTPOJISI.

AKYCTMUYECKHI1 CUTHAJI OT B3aMMOJIEICTBY-
IOIIMX KOJIeca 1 peibca 00pasyeTcs Kak cymma
BO3MYIIIEHUI, KOTOPbIE Maji0 OTJIUYAIOTCS
10 BEJIMYMHE U TPEACTABISIOT CJIOXKHYIO KBa-
3MCTOXaCTUYECKYIO IOCeI0BATEeIbHOCTb.
Bo Bpemst mpoxoia BATOHOM PeIbCOBBIX CTHIKOB
U CTPEJIOK Ha (hOHE KBa3UCTOXaCTUIECKOI MO-
CJIeI0BATEIbHOCTHU CJIA0BIX UMITYJILCOB IOSIBIISI-
€TCsT HECKOJIBKO ¢ OOJIBIION aMITInTynoi. [1pu
HaJIM4YMM Ha TTOBEPXHOCTM KaTaHUs KoJeca
KOPOTKO# HEPOBHOCTH TEPUO IIPOXOKICHIS
HWMITYJIbCOB MPOIMOPLIMOHATIEH CKOPOCTH Baro-
Ha V, a aMIuIMTyna — MHTEeHCMBHOCTHU COoyaape-
HMSI, KOTOpasi 3aBUCUT OT INTyOMHBI HEPOBHOCTHU
3, (puc. 1).

AHaMTrYecKas 3arich KpUBOM NU3MEHEHUS
CIJIBI B KOHTAKTe KoJjieca M peibca B BUIE psina
®Dypee [8]:
0= 2l Gt

0

2(Qd —QMJ cos zn(2t, +ty,,)Sin znt,, nE (1)
o n /5 T,

0
p= 2( 0,-0.,, j [sin o, +1,) .t J
zn T, T,
IJie ¢, — CIBUT BO BpDeMEHH OTHOCUTENIbHO =0,

N — KOJMYECTBO UMITYJILCOB B ITOCJIEI0BA-
TCJIbHOCTHU;
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Puc. 1. Kpusas nameHenus cuiel B Buge
nocsef0BaTesIbHOCTY MPSAMOYrOJIbHbIX UMIY/IbCOB.

1> T)— JUIATEIILHOCTb U [IEPUOJ CIIEI0BA~
HUSI UMITYJIBCOB;

Q, — cuna ynapa KoJjieca Io pejibCy;

Q. — cTaTMyecKas Harpyska oT Kojeca
Ha peJibC.

B uznoxeHHOM BapuaHTe 3amada oGHapy-
JKeHMsI TIOBPEXKICHUSI KoJieca CBOIUTCS K BbIIe-
JICHUIO MEPUOAMIECKUX UMITYJIbCOB B 3BYKOBOM
cuTHaJie Ha (hoHe TIOMeX M OTpeIe/IEHHIO COOT-
BETCTBUSI MEXTy aMIUTUTYIOM 3BYKOBOTO JIaB-
JICHHsI ¥ TITYyOMHO KOPOTKOI HEPOBHOCTH.

Hakadenpe «Baronbr» YkpIAXKT paspabo-
TaHbI CMOCO0 M CUCTEMa aKyCTHIEeCKOTO KOHT-
POJISE KOJIECHBIX TIap BO BPeMs IBUXKEHUSI BAro-
Ha [9, 10], a TakKe MaKeTHBIIT 00pa3ell aHaIIH-
3aropa. CrcreMa COCTOUT U3 MUKPO(DOHOB,
aHaymM3aTopa 3ByKoBoro curHatau GPS/GSM/
GPRS-tpekepa. MUKpopOHBI pacIioioKeHbBI
01 KYy30BOM ITacCaXKMPCKOTO BaroHa (puc. 2),
aHaIM3aTop M TPeKep — B pacrpeeUTeIbHOM
1ikady BaroHa.

C moMoIIbIO aHaIM3aToOpa U3 3BYKOBOTO
CUTHAaJIa BO BpeMsI IBMDKEHUSI BaroHa BbIIEJIsI-
FOTCS TIEPUOIMIECKIE UMITYJTECHI, COOTBETCTBY-
JolIKe ynapaMm MoBPeKICHHOTO KoJieca 0 peib-
CY C TIPUBSI3KOM K CKOPOCTH BpallIeHHsT KOJeca.
JlaHHBIE 0 BBISIBJICHUH TIOBPEXKIEHHOTO Kojleca
TIPU TIOMOIILIY TPeKepa MepeiaroTcst Ha GOPTOBbIE
U Ha3eMHbIE TTOCTHI KOHTPOJIS BATOHOB.

Takoit MeTol aKyCTUYeCKOTO KOHTPOJIS
TTO3BOJISIET OCYILIECTBIISATH BBISIBJICHNE Ie(heKTOB
He TOJIbKO Ha TIOBEPXHOCTU KaTaHUs KOJiec,
HO U B MOJIIMITHUKAX OYKCOBBIX Y3JIOB Ha OC-
HOBAaHUM aHajM3a YaCTOTHOIO auara3oHa
AKYCTUYECKOTO CUTHaIa U COTOCTABICHUS
C U3BECTHBIMM YaCTOTaMM WX 1e()EKTOB UCXOIS
M3 KOHCTPYKIIMU, TEOMETPUIECKHX pa3MepoB
M CKOPOCTH JIBVKEHUS ITOe3/1a:

gacToTa ¢ 1e(heKTOM Ha Hapy>KHOM KOJIbIIE

F;:ﬁ' 1—&COSQ .@’ (2)
22, 60

yacToTa ¢ 1e(heKTOM Ha BHYTPEHHEM KOJIbIIe

szl- 1+icosa -RPM, 3)
2 P, 60

yacToTa ¢ 1eeKTOM poJIMKa

BoHaapeHko B.B., CkypuxuH [1.. Cuctema akycTu4eckoro KOHTpPons KONECHbIX Nap BO BpeMS ABWKEHUS




Puc. 2. BoproBas cucrema
aKyCTU4eCKOro KOHTPOJISI KOJIeCHbIX
nap BaroHa.

(71—

Mukpodbon

Kyzoe Barona \I

S Az

177
- A,G‘)_ 4 ! _~_€)_,

P, B .| RPM
=—L 4 1-|=£]| (cos —_— 4
2B, P, (cosar) |- ==, @)

rae N — KOJTMYECTBO POJIMKOB B ITOAIIMITHUKE;

RPM — cxopocCTb BpallleHUsI MOAIIUITHY -
Ka, 00./MUH,;

B, — nnametp posuka,

P, — nuameTp cenaparopa (HapyXHBbIi
IUaMeTp MOMINUIHUKA TUTI0C BHYTPEHHUM
IraMeTp MOAIIUITHUKA, IeJICHHBIC Ha 2);

0L — YTOJI KOHTAKTa TeJI KAUCHMSI C TOPOXK-
KaM# KauyeHUsI.

CucreMa aKyCTUYeCKOTo KOHTPOJISI UMEeT
cleayIolIre MpenMyIIecTBa:

— BO3MOXHOCTb HETIPEPHIBHOT'O KOHTPOJIS
KOJICCHBIX T1ap B IIYTH CJICIOBAHMSI BaroHa,
a TakxXe 3a01aroBpeMeHHOE ONOBEIICHUE
PEMOHTHBIX OpUTaI IIPUBOIST K IOBBIIICHUIO
TOTOBHOCTH TaCCaXXMPCKUX BarOHOB B 3KC-
IUTyaTaluu,

— perucTpauus KOPOTKMX HEPOBHOCTEH
cpasy IocJie BOSHMKHOBEHMSI II03BOJISICT OTIe-
pPaTUBHO NMPUHUMATh MEPBI IO U3MEHEHUIO
CKOPOCTHOTO pexXKhMa Ioe3aa, a TakxKe IIpe-
IyIpexnaTh pa3BUTHE HEPaBHOMEPHOTO
npokarta (KOTOpHIif BO3HMKAET IIPHU 3aKaThl-
BaHUM KOPOTKUX HEPOBHOCTEH ), BEIUMCIICHUE
pobera KOJeCHO Iaphbl ¢ KOPOTKOI HEpOB-
HOCTBIO;

— CHUCTeMa SIBJIsIeTCs 6oJiee TOUHOM 1 3h-
(GEeKTUBHOI MO CPpaBHEHUIO C CYIIECTBYIO-
IIUMHA Ha3eMHBIMH aKyCTUIECKUMHU CPEACT-
BaMU IMAarHOCTUKU, ITOCKOJIBKY ITOCIICTHUE
MMEIOT MPOOIEMBI C JOCTOBEPHOCTHIO THar-
HO3a M3-3a HeTaTUBHOTO BJIMSHUS Ha TOY-
HocTb 3¢ dekTa Jdomnepa, 0coOeHHO Koraa
rmoe3na CIeAyIoT MIMO HEITOABUKHO PacIio-
JIOXKEHHBIX MUKPO(GOHOB C OOJIBLIIMMHU CKO-
pPOCTSIMU;

— BBICOKAsSI HAJEXKHOCTh CHCTEMBI 00Y-
CJIOBJICHAsI 1 MEHee Harpy>KeHHBIMH YCIIOBU -
SIMM pa0OTBHI, ITOCKOJIBKY JATYUKU (MUKPOPO-
HBI) pacrojaramTcs oA 00pecCOpeHHBIM
Ky30BOM IaCCaKUPCKOTO BaroHa 1 He Tpedy-
IOT TIPOKJIAAKHU IIPOBOMOB K 00BEKTY KOHT-
pOJISt, B OTJIMYME OT M3BECTHBIX CUCTEM C JIaT-
YUKAMU YCKOPEHU;

® MWP TPAHCIMOPTA, Tom 13, N2 1,

— CIOCOOHOCTH TTapaJIIeJIbHO ITPOBOIUTD
1 aBTOMATUYECKUI aKyCTUIeCKUIA KOHTPOJTb
TEXHUYECKOTO COCTOSTHUS aBapUITHBIX yJacT-
KOB ITyTH ITOMOTaeT IIPUBSI3aTh €T0 K KOOPIH -
HaTaM obcaykuBaHus mocpeactBom GPS;

— JIOTIOJTHUTENIbHBIC YI00CTBa M 3KOHO-
MUIO JJaeT BO3MOXHOCTh MOHTaXKa Ha KOH-
CTPYKIIMU JIFOOOTO TO/1a TTIOCTPOHKHU, MO0 CU-
cTeMa SIBJISIETCS aBTOHOMHOM M He 3aBUCHUT
OT CXEMBI 2JIEKTPOOOOPYI0BaHMSI BaroHa.

BbiBOAdbl

1. Ha xene3nbix goporax CHI' u EBporist
OTCYTCTBYIOT 3(D(hEeKTUBHBIE CUCTEMBI HETIPE-
PBIBHOTO KOHTPOJISI TEXHUYECKOTO COCTOSTHUS
KOJIECHBIX ITap, YTO HETATMBHO BIIMSICT Ha 0e3-
OTIaCHOCTb IBVDKEHUST M CHUKAET 9KCIUTyaTa-
IIMOHHYI0 TOTOBHOCThH MaCCaXKUPCKUX Baro-
HOB.

2. 3BYKOBBIE KOJIeOaHMUSI CITy>KaT JOCTOBEP-
HBIM UICTOYHUKOM MHGMOPMAIIMN O TeXHUYE-
CKOM COCTOSTHMY KOJIECHBIX TIap U OYKCOBBIX
TIOAIIUITHUKOB BO BpeMsI IBVDKEHUs Tacca-
JKMPCKOTO BaroHa.

3. [IpumeHeHMe CUCTEMBI OTIEPATUBHOTO
(6OPTOBOTO) AKYCTUUECKOTO KOHTPOJISI HA OC-
HOBaHUM pa3pabOTaHHOTO METO/IA MTO3BOJISIET
3¢ GeKTUBHO OOHAPYKMBATh HAM0O0JIee OTIac-
HbIE TIOBPEXIEHUS KOJIECHBIX TTap 1 OYKCOBBIX
TTOAIIUITHUKOB, YTO TTOJIOXUTETHHO BIUSET
Ha obecrieueHre BBICOKOW 9KCIUTyaTalloH-
HO TOTOBHOCTHM MacCaXUpPCKUX BaroHOB
B OKCIITyaTaluu.
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MOBILE ACOUSTIC CONTROL SYSTEM OF WHEEL SETS

Bondarenko, Vyacheslav V., Ukrainian State Academy of Railway Transport (UkrGAZhT), Kharkov,

Ukraine.

Skurihin, Dmitry I., Ukrainian State Academy of Railway Transport (UkrGAZhT), Kharkov, Ukraine.

ABSTRACT

Defective wheels and axle boxes of cars still re-
main among main reasons that lead to disasters,
accidents and significant material costs for rail
transport. In this regard, an extremely important
problem is reliable and accurate detection of defaults
at the early stage of emergence.

It is difficult to completely eliminate the occur-
rence of failures in the form of local irregularities on
the wheel tread taking structural, technological and
operational measures, because their causes can be
within a range of unpredictable random factors:
short-term dynamic unloading of wheel sets when
passing over irregularities of rail tracks, the volatility
of the coefficient of friction of the wheels and rails,
etc. In this case, the actual task is a rapid identifica-
tion of a wheel defect arose in transit and timely
notification of the train crew and rail services to

prevent threats to safety, minimize the likelihood of
damage and reduce maintenance time trains.

A new wireless onboard diagnostic system of
passenger cars is proposed, which is designed to
detect defects of wheel sets. This system is based
on the method of acoustic control. Under the body
of the passenger car microphones are mounted
through which in the automatic mode recording and
the analysis of frequency range of an acoustic signal
from wheels and axle bearings, allowing detecting
timely deviations from the set standards.

This onboard diagnostic acoustic system has
obvious advantages over its ground acoustic ana-
logs, since the latter, as known, have problems with
the reliability of the diagnosis because of the negative
impact on the accuracy of the Doppler effect, espe-
cially when trains run past the stationary located
microphones at high speeds.

Keywords: car, wheel set, damaged wheels, defect diagnostics, acoustic method, onboard control system.

Background. /n recent years, among failures of
Joints and equipment of passenger cars en route most
of them fall on the wheel sets (54%), the most of the
defects are chips (44%), wheel flats (14%) and built
up metals (5%) on the wheel tread [ 1, 2]. Many stud-
ies have shown similar pattern of facts and it is as-
sociated with the negative influence of the roughness
of the wheels on the strength and durability of the
wheel set axles, roller bearings, gears of undercar
generators, switches, rails, welded and insulating
joints, bolted connections [3-7].

Itis difficult to completely eliminate the occurrence
of failures in the form of local irregularities on the wheel
tread taking structural, technological and operational
measures because their causes can be unpredictable
random factors: short-term dynamic unloading of
wheel sets when passing over irregularities of rail
tracks, the volatility of the coefficient of friction of the

wheels and rails, etc. In this case, the actual task is a
rapid identification of a wheel defect arose in transit
and timely notification of the train crew and rail ser-
vices to prevent threats to safety, minimize the likeli-
hood of damage and reduce maintenance time trains.

We believe it necessary first of all, to proceed with
detection of wheel flats and built up metals to the wheel
sets of passenger cars, which, when rolling up form
uneven rolling, particularly dangerous at high speeds
(120-160 km /h) and are difficult to identify in operation.
In places of rolled up wheel flats and built up metal,
among other things chipping of steel of the rim occurs,
which further leads to the destruction of the wheel.

Objective. The objective of the authors is to pres-
ent a new wireless onboard diagnostic system of
passenger coaches designed to detect defects of
wheel sets, which is based on the method of acoustic
control.
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