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AHOTALIA Posensnymo pesyromamu MOOe08aHHs OUHAMIYHO20 Npoyecy HABAHMANCEHHS OYKCO8020 8Y31d GUKOPUCTNOBYIOUU
xomnnexc «UM Yrnugepcanvholii mexanuzmy. Pospobnena ¢ « UMy imimayitina moOenb «8a20H-3ANI3HUYHA KOMISLY BKIIOYAE 8 cebe
KV308 HANIG8A2OHY 3 MOJCIUGICMIO IMimyeamu pi3Hy cmyniHb 3aeanmagicenocmi. Ompumani peanizayii 01s Koegiyienmis
8EPMUKATILHOI MA 20PU30HMANbHOL QUHAMIKU 6 0lanazoni weuoxkocmell pyxy 6i0 4+0 0o 120 km/200 K Ha npsamMux, max i @ Kpusux
OinbHuysx kouii. JJosedeno, wo pes3yrvmamu MOOEN08aHH NIONOPSAOKOBYIOMbCA HOPMATbHOMY 3AKOHY PO3NOoOileHHs. Busnaueni
OCHOGHI napamempu, uwjo XapaKmepusyoms yi Rpoyecu 8 3a1eHCHOCMI 8i0 WEUOKOCI MA PeCUMY PYXY

Knrouoei cnosa: 6ykcosuii 8y30.1; NiOWUNHUK; NIBBACOH; KOMICHA NAPA; HABAHMANCEHHS, OUHAMIKA.

DEVELOPMENT OF SIMULATION MODEL OF FREIGHT CAR WITH THE AIM
OF OBTAINING ESTIMATES OF DYNAMIC PARAMETERS

V. SHOVKUN

Department of cars, UkrSURT, Kharkiv, UKRAINE

ABSTRACT Considered to improve the reliability of axle equipment is complex and requires an integrated approach for their
solution. It is therefore necessary to explore ways of improving existing and creating new designs axle unit. These challenges require
an integrated approach which one of the steps is determining the probabilistic loads acting on the elements of the chassis of freight
cars. To model the dynamic process of loading axle unit used a series of "UM Universal mechanism"”, developed in Bryansk state
technical University. Developed in "UM" simulation model "car-railway track" includes a body napavine with the capability to
simulate varying degrees of workload, trucks of model 18-100 with the ability to change their characteristics, and the model of the
elastic way that allows you to change the profile and the macro-geometry of the path. The obtained simulation results obey normal
distribution. The main parameters characterizing these processes depending on speed and driving mode. Further using the obtained
data, calculated correlation functions of random processes that characterize the combined effect of change of coefficients of
horizontal and vertical dynamics of wagon Built correlation functions allows to evaluate the reliability of the axle unit. Modeling of
dynamic loads acting on the running parts of freight cars showed sufficient convergence with the results of sea trials of 87%.
Keywords: axle box; bearing assemblies; a pair of wheels; load; dynamics.

Beryn 2339 BUMaAKM BiAYEIUIEHb BaroHiB Ha  IUIAXY

MpsIMyBaHHS 4epe3 HamMmipHuii HarpiB. [lpum 1poMy

Sanmi3HUIYHAH TPaHCHIOPT [3 TOJIOBHOIO  MIOPIYHO  JOJATKOBO  TPWIAAAMH  JWCTAHIIHHOTO
TPAHCIOPTHOIO  apTepiero  YkpaiHu. BiH BHUKOHYE  KOHTPOJIIO KOJICHMX Map Ta ONISJa4aMd BaroHiB IO

MEPEBAXKHY OUTBIIICTh BAaHTAXKHHUX Ta MaCAXKHPCHKUX
MEPEeBE3CHh B YKpaiHU, TaK 1 33 y MDKACPKABHOMY
CIOJTYYCHHS.

Besneka mepeBe3eHb € MPIOPUTECTHUM HATIPIMKOM
misuotbHOCTI 3ami3Hunb kpain CHJIL. Ii 3aGesneuenss
3aJICKUTh BiJl 3JIaTOKCHOI POOOTH BCIX CTPYKTYPHUX
MiAPO3AUTIB, alle OJHUM 3 HAWBaXKJIMBIIINX YHHHHUKIB €
HafdiifHa  poOora  BaroHiB. BimMoBm  ernemeHTiB
KOHCTpYKIIi BAaroHiB HE JIMIIE BHUKIMKAIOTh 3aTPUMKY
JIOCTAaBKM BaHTAXIB CIIOKWBAa4aM dYepe3 BiAUCTUICHHS
BaroHiB Ha NUIAXY NPSMYBaHHs], ajic ¥ MPHU3BOIATH 10

CYyTTEBMX  JIOJATKOBMX  BTPAaT Ha  BiJHOBJCHHS
Tpare3aaTHoCTi.
OnHier0 3  HAWBIANOBIJAIBHINIMX  €JIEMEHTIB

KOHCTPYKIIIi BaHTa)XXHOTO BaroHy € OYKCOBI By3iH 3
POJIMKOBUMH HiIIIMITHAKAMH. SIK CBIUUTH OaraTopiuHHi
JOCBiJ] eKCIUTyarallii mapKy BaHTa)XHHX BaroHiB, came
OykcoBi By3mu 3a mepiox 2005-2016 pp. cnpuuuHWIN

30BHINIHIM O3HakKaM BUABIAIOTECS 10 1000 Bumagkis
BiMOB OYKCOBHX BY3JiB, SKi CTBOPIOBAJIIK 3arpo3y

Oe3mer pyxy.

OCHOBHUM KOHCTPYKTUBHHM €JIEMEHTOM
OykcoBoro Bysna € MiAMMIMHUKA. Ha 3amisHuIgx kpain
CHA Bxe moHan 50 pokKiB BHKOPHUCTOBYIOTHCS
OWIHIPWYHI  POJMKOBI  MiMMIMIHUKK.  Po3paxyHKn
JIOBTOBIYHOCTI BHUKOHYBAaJIHCh 3a METOIUKAMHU,

3alPONIOHOBAHMM M€ y Mepiriii mojaoBuHI XX cTopidds.
®dakTHYHA IOBrOBIYHICTP NWIHAPWIHUX POIHKOBUX
MINUITHAKIB BUSBUJIACHh 3HAYHO MEHIIIEC PO3PAXYHKOBOI.

3abe3neueHnds JOBrOBIYHOCTI IMMiJIIMITHUAKA, IO
MPAaLiOe B YMOBAaX AMHAMIYHOTO PalialbHOTO i OCHOBOTO
HABAHTAXXCHHS € JOCUTh CKIAJHUM 3aBAaHHsAM. [lpu
pO3paxyHKy Ha MIIHICTh 1 HaIiAHICTh E€JIEMEHTIB
KOHCTpyKii BB BHKOPHCTOBYIOTBCS CIPOIIEHI CXEMH,
SKI HE BpaxoBYIOTb psA [JiI0YMX YHMHHHKIB. Tak,
€KBiBaJICHTHE HABaHTAXCHHS Ha M AITATHAKA
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CKJIaJa€ThCS 31 CTaTHYHOTO Ta JUHAMIYHOTO
HABAaHTAKCHb. BenuunHa Ta XapakTep NPUKIaIaHHI
CTaTUYHOTO HABAaHTAXEHHS BHMBYEHI [OCHUTH IIOBHO.
Benwmna }II/IHaMi'-IHOFO HABAHTAXCHHS BU3HAYAETHCA SIK
IOJATOK 70 CTAaTUYHOIO HABAHTAXKEHHS 34 JOMOMOIOK)

NEBHOTO  MNEPEeCiYHOr0  eMMIpHYHOro  Koe(illieHTy
(koedilieHTy ~ BEepTHUKaJIBHOI  Ta  TOPU3OHTAIBHOI
JVHAMIKHM), II0 BpaxOBye HEPIBHOCTI UIULIXy, Ta

JUHAMIYHI SKOCT1 Bi3KiB XO/IOBUX YaCTHH BaroHy.
OrJasig aiteparypu

JlocHimKeHHSIM 3 MUTaHb IiIBHINCHHS HaIIHHOCTI
OYKCOBHIX BY3JIiB BAaroHiB IPHUCBSYCHO 3HAYHA KUIBKICTh
pobit [1-4]. 3 wHamioi TOYKH 30py, NPHHITHIIOBOO
NOMHJIKOIO B PO3MIISTHYTHX —po0OTaX MPHCBIYEHUX
MIABUIICHHIO TOYHOCTI METOIIB PO3PaxyHKY HaMiHHOCTI
OyKCOBUX BY3IIiB BaroHiB € BiJICYTHICTh aHaJli3y BILIMBY
Ha IMAIMIHAK ~ OChOBUX cwi. ToOTo, aBTOpHM
TIPUIYCKAIOTHCS, IO OChOBI CHJIM B3araji He ICHYIOTb.
Aue ne cTBep/KEHHs He BianoBingae niiicHocTi. Ilpo me
CBiUaTh pe3yNbTaTH EKCIUTyaTaliHUX BHOPOOYBaHb
OykcoBuX By3miB KoHcTpyKii B. M. Uebanenko [5-7], ne
HmiATBep/DKEHA  HAsBHICTH  OCBOBHX  CHJI,  IIO
3aBaHTaXYIOTh OykcoBi By3mu. [Ipo me Xk cBigyath
pesymeTatn  gocmimkenb  [8-10]. Te xk  came
MATBEPIKYIOTh pe3yabTaTd MUHAMIYHHX BHIPOOYBaHb
YIOCKOHAIEHUX OyKCOBHX BY3JiB T ABUIIEHOT
HaxiiHOCTI, mpoBeneHnx YKpAA3T Ta AI1 YxpH/IIB.

HenockoHamicTh iCHYIOYHMX METOJMIB PO3pPaxyHKY
npu3Besia 0 3HAYHUX TOXMOOK TpU BU3HAYCHHI
NOKa3HUKIB  HaAIHHOCTI  OYKCOBHX  MiJNIMITHUKOBHX
By3/iB 1 pO30DKHOCTI 3 (aKTHYHMMHU pe3yJibTaTaMH
excruryaranii. Tomy OWIHKY HamgiHHOCTI OyKCOBHX
AIIUITHUKOBHUX BY3JIIB CJIiJi BAKOHYBATH 3 ypaxyBaHHIM
CyMicHOT ii OChOBHX Ta BEPTHKAIBHUX HABAHTAXKEHb.

Merta podoTu

BoueBnap, mo nuTaHHSA HIABMINEHHS HAIIHHOCTI
OYKCOBHX BY3JIiB € CKJIIAAHAM 1 BUMAara€ KOMIUIEKCHOTO
migxoay JUisi CBOro po3Bsi3aHHs. Tomy HE0OXigHO
JIOCITIZDKYBATH Pi3HI HAMPSMKH YIOCKOHAICHHS ICHYIOUMX
Ta CTBOPEHHS HOBHMX KOHCTpPYKIIH OYKCOBOTrO BYy3Ia.
OpHi€ero 3 3a1a4 s MABUIIEHHS MOKA3HHUKIB HaAiHOCTI
€ BU3HAUCHHS IMOBIPHICHUX HAaBaHTAXCHb, IO JIIOTh HA
€JICMEHTH XO0BHX YaCTHH BaHTAXKHUX BarOHIB.

Buxusiax ocHOBHOro MaTepiaJjy

Just  MOJenroBaHHS — JAWHAMIYHOTO  MPOIECY
HaBaHTAKEHHS OYKCOBOTO By3Ja BAHTa)KHOT'O BaroHy Iij
yac pyxy 3 PI3HUMH MIBHAKOCTSIMH BHUKOPHUCTOBYBABCS
KOMIUIEKC «UM YHuUBepcalbHBIN MEXaHU3M»,
po3poOiieHnii  BpsSHCBKMM — JEpPIKaBHUM  TEXHIYHUM
yHiBepcuteToM. Po3pobnena 3a gomomoror «UM»
IMiTaLiiiHa MOJENb «BarOH-3a1i3HUYHA KOJis» BKIIOYAE B
ce0e Ky30B HalliBBaroHy 3 MOXIIMBICTIO IMITYBaTH Pi3HY
CTYNiHb 3aBaHTaXEHOCTi, Bi3kn wMozenmi 18-100 3

MOJKJIMBICTIO 3MIHIOBaTH X XapaKTEPUCTHKH, a TaKOXK
MOJIeJTb MIPYKHOI KOJIIT, 110 I03BOJISIE 3MIHIOBATH MPOQiib
Ta MaKpOT€OMETPIr0 KOTii.

Puc. 1 — Mooenv «sazcon-3anizHuuna Kouisy

[MoGymoBa  Mozmeni  BHKOHyBalach  IIIIXOM
00’emHAaHHA Y MOZAETHh MiIMOIYJIB, SIKIi HECYyThb B COOi
CKJIAJIOB1 YaCTHHU MOJIENI: Ky30B, Bi3KH, KONICHI IapH, Ta
NpYyKHIO Komifo. Bci  enemeHTi Moneni moB’s3aHi
CHeLiaIbHUMHU  3B’SI3KaMH Ta CHCTEMOIO KOODJHMHAT.
MoientoBaHHs 3/1HCHIOBAJIOCh 3 BHUKOPUCTAHHAM ‘S”-
1oAi0HOTO BiJPi3Ky KOJii Ta CTPUIOYHUM MEPEBOTOM.

Jns iMiTyBaHHS MakporeoMmeTpii Ta HepiBHOCTEH
KoNii ~ BHKOpUCTOBYyBaBcs  ¢aitm 3 OibmioTekn
MIPOTPaMHOTO KOMILIEKCY.

[Tpn mpoMy MOZETH TO3BOJISIE OTPUMATH:

. KoedilieHTH IMHAMIYHUX CKJIaJIOBUX
BePTHKANBHUX  CWJI, IO MJIIOTh Ha  OYKCOBHIA
MANATHAKOBHHA BY301T;

. KoedimieHTn JTUHAMIYHUX CKJIaIOBUX

BEPTUKAIBHUX CHJ, IIO JIIOTh Ha HaJpecopHy Oaiky
Bi3Ka;

* TOPU30HTANBHI (ONEpEeYH] paMHi) CUIH, SIKi JI0Th
BiJI KOJIICHOT mapu Ha Oi4Hi pamMH Bi3Ka;

Jlesiki 3 OTpUMaHMX pealtizallid, sSKi XapaKTepusye
3MiHYy KO€(DIilli€eHTYy BEPTUKAIBHOI Ta TOPU3OHTAIBHOL
IUHAMIKK ~ JUis ~ Ha0iraro4oi  KOJICHOI mapum  y
3aBaHT)XEHOMY PEXUMI Ipu mBHUIKOCTI pyxy 100 km/rox
300paxkeHo Ha puc. 2,3.

KoedbiLjieHT BepTUKanbHOT AuHaMiku

01k 4

-0.15 ~

0.2 r c c c c r c

Yac, cekynam

Puc. 2 — Ocyunoepama sminu xoepiyicnmy eéepmurxaioHol
Oounamiru npu wieuokocmi 100 km/200 Ha npamiti OinbHuyi
Koaii
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Puc. 3 = Ocyunoepama sminu xoegiyicnmy
20pu30HMAanbHOI Ounamixu npu weuoxocmi 100 km/200
Ha npamiu OLTbHUYL KOEL

AmHanoriuni peamizamii Oynmm oTpuMaHi A
KOe(QIIiEHTIB BEPTUKATIHHOI Ta TOPU3OHTANBHOI THHAMIKHI
B Jiama3oHi mBHAKocTed pyxy Big 40 mo 120 km/rox 5K B
MPSIMHX, TaK 1 B KPUBHUX TUIBHUILIX Koxii. OueBUAHO, 110
BOHH SIBISIIOTH COOOI0 BHUMAIKOBHUII IpoIlec, OTpHUMaHi
pe3yneTaTty B Mexkax Hopm [11].

Ha wnactymHoMy erami poOOTH IPOBOAMIACH
MareMaTudyHa oOpoOKa OTpPUMaHUX JaHHX METOJaMHU
MaTeMaTU4HOI cTatucTUKU. [Ipy 1pOMYy BH3HAYaIUCh
HaCTyNHI  MapaMeTpH:  BelIWYMHA  MaTeMaTHYHOTO
OUIKYBaHHS, JUCIEpCis, a TakoX MiHIMaIbHI Ta
MaKCHMaJIbHI 3Ha4eHHsI 3yCHib. Pe3ynbraT JOCIiIKeHb
CBil9aTh, M0 BHUIAJKOBI IPOIECH, SKI XapaKTEPU3YIOTh
3MiHY KOC(IIi€HTIB BEPTUKAIBHOI Ta TOPH30HTAIBHOI

JUHAMIKH, pO3IMOJUICHI TI0 HOPMAJIbHOMY 3aKOHY.
IlepeBipka Ha BiNMOBITHICTE HOPMAaJIbHOMY 3aKOHY
3IMCHIOBAJIACH 3a MOKa3HUKAMHU Kanmaroposa-
CvupHoBa. OTpuMaHi MOKa3HUKH BIIXWJICHHS BiX

HOpMaJILHOTO po3mnoaiteHHs p = 0,816, 10 € gocTaTHIM
11100 BBXKATH PO3MO/IiieHHs ['ayCiBChKUM.

Ticmozpana sepmuratsHot Suraminu

0.4 03 0.2 01 a 0.1 0z 0.3 0.4

Kanman

Puc. 4 — I'icmoepama 3minu 6epmukanbHoi OUHAMIKU

Ticmospama sepmuratsiol dunawixu

Yacrota

0.8 06 0.4 02 0 02 0.4 0e n0a

KAnMaH

Puc. 5 — I'icmoepama 3minu xoegiyienmy
20PU30HMALHOI OUHAMIKU

Jost TOPIBHSHHSA OTPUMaHHX JaHUX
BHUKOPUCTOBYBAIIUCS PE3YJIBTaTH XOIOBUX JHHAMIYHUX
BUIIpOOyBaHs  HamiBBaroHy Mozem 12-7023,  axi

mpoBeaeHi ¢axisuamu 1 YxkpH/IB. 3anexxHocTi, mo
XapaKTepU3yIOTh 3MIiHY MAaTEMaTHYHOIO OYiKyBaHHS
BHUIIaJIKOBOT'O MPOLIECY BEPTUKAIBHHUX Ta TOPH30HTAIBHUX
HaBaHTaXXEHb BiJl HIBUIKOCTI PyXy, HaBeJIeHO Ha puc. 6,7.

Ha PHUCYHKY MpeICTaBICHI MOPIBHSHHS
EKCIIEPUMEHTATBHUX IaHUX Ta pe3ynpTaTtu
MOJEeNOBaHHA.  30DKHICTE  EKCIIEpUMEHTAIbHUX  Ta

TEOPETHYHHX JaHUX CKJIao OMm3bko 87%, mo € miTkoM
3aJI0BIJIBHUM.

0.25

0.2

0.15

0.1

0.05
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Llsudwicme, kw'sod

100 120

Puc. 6 — 3uina mamemamuuno2o o4ikyeaHHs
BUNAOKOB020 NPOYeCy KoePIiyicHmie 6epmuKaIbHOl ma
20PU30HMANLHOL OUHAMIKU 610 WEUOKOCHE PYXY
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Puc. 7 — 3mina oucnepcii o sunaokosozo npoyecy
Koeiyichmis 6epmuKanibHOi ma 20pu30HmMaibHol
OUHAMIKU 8I0 WBUOKOCMI PYXY

OueBHIHO, IO Il OTPUMAHI 3aIEKHOCTI SBIISIOTH
CO00F0 BHIAIKOBHH MPOIIEC 13 CHHYCOIMATBHOIO CKIIaI0BOIO,
mapaMeTpaM SIKOTO BIIACTHBE 3HAYHE PO3CifoBaHHA. Tomy
JUIsL FI0TO JOCHIDKEHHST HEOOXITHO 3aCTOCOBYBAaTH METOIU
Teopii iMOBipHOCTI 1 Teopil BunaakoBux ¢yHKuUid. [Ipomec
HABAHTAXXCHHS OYKCOBHX BY3JIB SIBIISIE COOOK0 BHIAIKOBHIA

TIPOIIEC.

Jns  cramioHapHWX ~— BHIAIKOBHX  IPOICCIB
BU3HAYATEHIMH € MaTeMaTHYHE OYiKYBaHHSA Ta IHCIICPCis
TIPOIIECY. [Ipu UBOMY OCHOBHI CTaTUCTHUYHI

XapaKTEPUCTHKH CYMH JBOX BHIIQJIKOBHUX IPOLECIB 3MiHK
BEPTUKAIBHUX T4 TOPU3OHTAIBHMX HABAHTAXKEHb X1 1 X2
BiamoBiaHO OyayTh piBHi [12]:

Y =% 4% (1)
ne  Y,X,X, — MaTeMaTH4HE O4YiKyBaHHS
BiIMOBIiAHO CyMapHOro, BEPTUKAIBLHOTO Ta

TOPH30HTAIFHOTO BUIAIKOBUX MPOIIECIB.

D,=D, +D, +2r,[D,D, ; )

ne p,,D,,D, Jwcriepcii BiIMOBIAHO CyMapHOTo, a
TAKO)K  BUMAJKOBUX  TIPOIECIB  BEPTUKAIBHOTO  Ta
TOPU30HTAIBHOTO TUHAMIYHOIO HAaBaHTAXEHHS; [ —
KOeQIIiEHT KOPEIIALii TIPOIIECiB X1 1 Xo;

OpmHiero 3 HAHBOXIMBINIMX  XapaKTEPUCTHK
BUITAJIKOBUX MPOIICCIB 3MIHH JUHAMIYHNX HABAHTAKCHb €
KOpeJsiLiiiHa (GyHKIis.

Ry =R, +R, +2R; ®)

(y)

Linsnicms sipozionocmi

.

e Ry,RX,Rx - KOpeJAIiiHl (QYHKIT BiIMOBITHO
1 2

CyMapHOTO,  BEpTHKaJbHOTO Ta  TOPHU30HTAIHHOTO

BUIAAKOBUX Iporeci; R — B3aEMHA KOpeIsIiiiHa

XX
(YHKIIIS TIPOTIECIB X1 U X,

B mopanenroMy BHKOPHCTOBYIOUHM OTpHMaHi JaHi,
o0umcieHi Kopensmiiai (GyHKIIT A1 BUaAKOBHX IIPOIIECIB,
0 XapaKTepH3yIOTh CYMICHY JMif0 3MIiHH KOe(illi€HTiB
BEPTHKAIBHOI Ta TOPU3OHTAIBHOI AMHAMIKH BarOHy.

3a pe3ynbrTaTaMd JOCHDKEHb JUI1 KOXHOTO 3
OTPHMaHUX BUIMAJKOBHX TNpoleciB Oymu moOynoBaHi
KOpeJsILIiiiHI (QYHKIIT.

fix,)

1 T T T T T T

(=
n
T
L

1

05
—2000 -1500

1 1 L 1

1 1
1000 ~500 0 500 1000 1500

inmepsan vacy, Mc

2000

Puc. 8 — Kopenayiiina ¢ynxyis ons pyxy
31 weuoxicmio 100 km/200 (6 kpusiti)

fix.t)

06} .

Linenicms sipozicnocmi

L 1 1 1
~500 0 500 1000 1500

iHmepsan wacy, Mc

_02 1 1
'=2000 -1500 1000 2000

Puc. 9 — Kopenayitina ¢hynxyis ons pyxy 3i
weuokicmro 100 km/200 (8 npamiii)

[oOynoBani  KopemnsiiiHi  (yHKIIT
BUKOHATH OL[IHKY HaJ[IHOCTI OYKCOBOTO By3Ja.

JIO3BOJISIFOTE
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BucHoBok

MogenoBaHH TUHAMIYHUX HABAaHTAXKEHD JIFOYNX

Ha XOJOBI YaCTUHM BAHTAXHUX BAaroHiB I0Ka3ajo
JOCTaTHIO  30DKHICTH 3  pe3yjibTaraMH  XOJOBHUX
BunpoOyBanb, Oimm3zko 87%. Tomy 3amporoHoBaHa

MOJIENTb MOXKE€ MOKe OyTH BHKOpDHCTaHa JUIs OLIHKH
30ypIOIOYNX HaBaHTaKEHb NPH pO3paxyHKax HaAiHHOCTI
OyKCOBHMX BY3IIiB BaHT@)KHUX Barosis. JloBeneHo, mo e
MIPOIIEC MA€E CTAIIOHAPHHUHN Ta €ProJMIHHN XapakKTep.

OTtpumaHni pe3yabTaTu MOJICITIOBaHHS
HiANOPSAAKOBYIOTBCS HOPMaJIbHOMY 3aKOHY
posmoxineHHs. Bu3HaueHI OCHOBHI NapameTpw, IO

XapakTepu3yloTh i TPOLIECH B 3aJEKHOCTI  Bif
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