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OBOCHOBAHME JUHAMUYECKOM MOJEJIA YIIPYTOI'O KY30BA
JABYXITAKHOI'O TACCAXKHUPCKOI'O BAI'OHA

BrinonHeHa o1ieHKa aJcKBaTHOCTH KOMIILOTEP-
HOM Mojenau Ky30Ba ABYXO3TaXXHOI'O KyHeP‘IHOFO acca-
JKUPCKOI'0 BaroHa Ajigd pac4deTa COOCTBEHHOM YaCTOTBI
TNIEPBOTO0 TOHA M3rHOHBIX KOJIEOaHuil B BepTI/IKaHbHOﬁ
II0CKOCTU. MccaemoBanus MMPOBCACHLI HA OCHOBE aHa-
JIMTUYECKUX 3aBUCUMOCTEH HOpPMAaTUBHBIX JOKYMCH-
TOB, MCTOJAOB MATCMATUYCCKOI'0 MOACINPOBAHUA BHO-
paunﬁ KYy30B4d, SKCICPUMCHTAJIbHBIX JdHHBIX.

V.A. Lebedev,

KiroueBble CJI0BA: JBYX3TaXKHBIA TMACCaXKUP-
CKUIl BaroH, ympyruil Ky30B, AMHAMHYCCKAs MOJCIb,
MaTEeMaTUYECKOEC MOJICITUPOBAHUE, METOJ KOHEYHBIX
9JIEMEHTOB, BUOPAIIMOHHBIC HCIBITAHUS, COOCTBCHHAS
4acToTa, M3rHOHEBIE KOJIeOaHu.

V.V. Kobishchanov, D.Ya. Antipin, S.D. Korshunov

DYNAMIC MODEL SUBSTANTIATION OF ELASTIC BODY IN BILEVEL CAR

The aim of this work consists in choosing a ra-
tional way for the definition of self-resonant frequency
in car body bending vibrations of a bilevel car.

A test subject is the car body of a bilevel car of
the model 61-4465 manufactured by the Company
«Tver Wagon Works».

The vibration tests of a bilevel car were mod-
eled. Test results were compared to the data of actual
test and a computation on the recommendations of reg-
ulations.

There is developed a lamellar finite-element
model of a bilevel car carcass with its stiffness corre-
sponding to a real car body. The assessment of self-
resonant frequency in car body bending vibrations was
carried out on basis of three variants of its model dif-

Jlns mpeaBapuUTENIbHONM OLIGHKM Iapa-
METPOB NMPOEKTUPYEMOT0 BaroHa (IIpOYHOCTH,
HA/IKHOCTH, JTWHAMHUYECKUX IIOKa3zaTeled u
T. [.) BBHIIOJHSIOT MOJCIHPOBAHHE €ro
Harpy>XeHHOCTH.

MeTaIOKOHCTPYKIIMH KY30BOB OJHO-
ATAXKHBIX U JBYXATAXKHBIX MACCAKUPCKUAX Ba-
TOHOB OTJIMYAIOTCS TIO BECOBBIM U KECTKOCT-
HBIM XapaKTEPUCTUKAM: KY30B JBYXITaXXHOTO
BaroHa TsDKeJIee M BBIIIE Ky30Ba OJHO3TaX-
HOTO, K TOMY )K€ B CpellHEl YacTh OH MMEeT
MOHMKEHHUE, YTO JIeTaeT ero 0ojee KECTKUM.
B cBa3u ¢ »TUM 1enecoo0pa3HO OLIEHUTh
BJIMSIHUE YKa3aHHBIX KOHCTPYKTHBHBIX OCO-
OeHHOcTell Ha COOCTBEHHBIE YAaCTOThI M3rHO-
HBIX KOJIeOaHUH Ky30Ba U COOTBETCTBUE UX II.
5. 12 «Hopwm...» [1].

Lenpto paboOTHI SABISETCS BHIOOp paru-
OHAJIBHOTO CIIOCO0a OINpeNeNIeHUs] METOIaMHU

50

fered with the distribution of car body gross weight:
uniformly throughout the whole of metalware;
throughout the parts of metalware in accordance with
mass position in a real car; taking into account the in-
fluence of partition rigidity in compartments and ser-
vice rooms. The comparison of modeling results with
the use of models described and results of actual tests
shows their satisfactory correspondence that allows
approaching to dynamic values of a real car body at the
investigation of its loading by the methods of computer
simulation.

Key words: bilevel car, elastic car body, dy-
namic model, mathematic modeling, finite element,
vibration test, self-resonant frequency, bending vibra-
tions.

MaTEeMaTHYeCKOTO  MOJEIUPOBAaHUS  COO-
CTBEHHBIX YacTOT M3TMOHBIX KoJeOaHWH Ky-
30Ba JABYXATAKHOTO MMACCAXKUPCKOTO BaroHa.

OOBEKTOM HCCIEOBAHUS CIYXKHUT KY-
30B JABYXITAXXHOTO ITACCAKUPCKOTO KYIEWHO-
ro BaroHa mojenu 61-4465 (puc. 1) mpous-
BoacTBa OAO «TBepckoil BarOHOCTPOUTEIb-
HBIA 3aBoa» [2]. Baron mpennasHaueH st
HKCIUTyaTalliil B COCTaBE MACCAXUPCKUX TO-
€37I0B  MOCTOSHHOTO  (hOpMHUpOBaHUS  Ha
yYacTKaxX AJIEKTPUPHUIIMPOBAHHBIX JKEIE3HBIX
nopor kojneu 1520 MM co ckopoctsamu 10 160
KM/4.

MogenupoBaiuch BHOpallMOHHBIE UC-
IBITAHUS JIBYXITAXKHOI'O MACCAXHPCKOTO Ky-
nerHoro BaroHa. IIpum sTOoM ompenensnuch
COOCTBEHHBIE YACTOThl M3THOHBIX KOJIEOaHMIA
Ky30Ba B BEPTUKAJIHHOH MJIOCKOCTU C YYETOM
AKECTKOCTHBIX IapaMeTpOB IEPEropoiioK u
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(haKTHUECKOTO paclpesiesIeHNusI MacChl OpyTTO
10 MOZIETH METAIIOKOHCTPYKIIMH KY30Ba.

ITonyueHHbIE pe3yibTaThl CpaBHUBA-
JIUCh C pe3ysibTaTaMH HATYPHBIX WCIBITAHUN
U pacueToM 1o ycioBusM «Hopm...».

Puc. 1. JIByxaTaxxHbIi KyNeiHbINA MaccaxMpckuid BaroH Moaenu 61 — 4465

Ha ocHOBe MeTOl1a KOHEYHBIX AJIEMEH-
TOB pa3paboTaHa IJIaCTMHYaTas MOJEIb He-
Cylield KOHCTPYKIIMHM Ky30Ba JBYXITa)KHOTO
MacCaXUPCKOro BaroHa (puc. 2) B cpefe
rpaduyYecKoro sIpa MOJICIUPOBaHUs Siemens
PLM Femap 10.3 pacyeTHOro mporpaMMHOro
komrutekca NX Nastran [3]. Moaens coctout
us 7,2:10° TpeX- M YEThIPEXY3JOBBIX IIJIa-
CTMHYATBIX  DJIEMEHTOB,  OOBEIUHEHHBIX
6,3-10* y31aMu, U o0amaeT 4,3-10° crenens-
MU cB0OosbI. Ilo mapamerpy >KeCTKOCTH MoO-
JIeNTb COOTBETCTBYET PEalbHOMY KY30BY, UTO
ObLJI0 ompeeseHo B padoTte [4].

OneHka COOCTBEHHBIX YacTOT M3TrHO-
HBIX KoJeOaHM Ky30Ba MNpOBOAMIACH Ha

OCHOBE KOHEYHOZJIEMEHTHOW MOJIENH TpeMs
crioco0amu:

1) pacmpezneneHusi Macchl OPYTTO Ky30-
Ba (59,1 T) mo Bceil METaUIOKOHCTPYKIIUY;

2) pacrpe/enieHus MacChl OPYTTO Ky30-
Ba M0 YacTSIM METAJUIOKOHCTPYKLUH B COOT-
BETCTBHH C TIOJIO)KEHHEM MacC B PeabHOM
BaroHe;

3) pacnpezneneHust Maccel OPyTTO Ky30-
Ba 110 YaCTSIM METAJUIOKOHCTPYKIIMH B COOT-
BETCTBHM C TIOJIO)KEHUEM MacC B PeaJbHOM
BaroHe M C y4eTOM BIIUSHHS )KECTKOCTH MEXK-
KYMNEWHBIX IMeperopojioK, MeperopojoK Ciy-
KEOHBIX TTOMEIICHHI.

Puc. 2. [InacTuH4yaTass KOHEYHODJIEMEHTHAS MOJECJIb Ky30Ba IBYXOTAXKHOT'O ITACCAXKUPCKOTO BaroHa
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[TepBblif croco® caMblii TpocTO U
JOCTaTOYHO OBICTPBIM, HO OH HE YYUTHIBACT
JOKJIbHOE pa3MEILIEHUE Macc B Ky30Be
BaroHa.

Bropoii cmoco6 Gosee CIIOXHBIH, OH
MpeJIoiaraeT yTOUHEHHOE pa3MelIeHue Macc
o0opynoBaHus, AJIEMEHTOB OTJIEJIKH,
MIOJIE3HON HArpy3KH U T. J. 10 MOJIEIH Ky30Ba
B 3aBHCHUMOCTH OT HMX 30HBI PaclOJOXKEHHS
[5]. dns ympolieHus MOACIMPOBAHUS KY30B
Obul pa3leleH Ha TpPU YacTH: CPEAHION0
(caymoHHYI0, C IOHM)KEHHEM) U JIBE KOHIICBBIE.

Tperuit cnoco® B JONOJHEHUE KO
BTOPOMY YYHMTHIBAET BJIHMSHUE HKECTKOCTHU
[IEPETOPOJIOK MACCAXKUPCKUX KyTIe,
cinykeOHpIX  momemieHuil.  Ileperopomku
MOJIETTUPOBAIHCH KOHEYHO-3JIEMEHTHBIMA
IUIACTUHAMHU, MO YIOPYTOCTH U  TOJIIMHE
UMHUTHPYIOUIMMHA ~ PEAJIbHBIE  TEPETOPOJIKH.
Kpemnienne mneperopook K MOJENH Ky30Ba
OCYILIECTBIISUIOCH IIPU MOMOILHU CHEUAIbHbBIX
abCcoMI0THO KECTKUX CTEPKHEBBIX
3JIEMEHTOB.

[Ipu Bcex cmocobax Macca OpyTTO
Ky30Ba pacrpenensercs MyTeM HW3MEHEHUs
IUIOTHOCTH Marepuajia KOHEYHBIX JJIEMEHTOB
monenu. Ilpm  mpoBemeHum  pacderToB
3aKpeIICHUE pacyeTHBIX cXem B
IPOCTPaHCTBE OCYIIECTBIISIIOCH B
COOTBETCTBUH C YCJIOBUSIMH UCIBITaHHH [6].
CBi3p B  BEPTUKAJIBHOM  HaIpPaBJICHUU
BBIIIOJTHEHA B 30HE  PACHOJIOKCHHS
CKOJIb3YHOB, B TOPH30HTAJIBHOM IONIEPEYHOM
HalpaBJICHUM — B  30HE  IISITHUKOB.
'opu3oHTanmbHas NMPOJONBHAs CBS3b Ky30Ba
pacrosoXeHa B CepeIMHE ero JTHHBI.

B paboTte BBIOTHICS pelBapUTEIbHbIN
pacder COOCTBEHHOW 4YacCTOTHI MEPBOTO TOHA
M3rHOHBIX ~ KOJICOAHWH B  BEPTHKAJIBHOM
IUIOCKOCTH 10 TpeboBanusM «Hopm...», B
COOTBETCTBUH C KOTOPBIMH HacToTa KojeOa-
HUH Ky30Ba JI0JbKkHA OBITH HEe Meree 10 I'.

Pe3ynpraThl MOEIMPOBAHHS U pacyueTa
no «Hopmawm...» comocraBieHbl B TaOIuIEe C
pe3y/bTaTaMi HATYPHBIX CTEHIOBBIX HCIIBI-
TaHui BaroHa [6-9].

Tabnuma
PacyeTHble 1 SKCTIepUMEHTANIbHBIE 3HAYEHHUS YaCTOTHl M3TMOHBIX KoJeOaHui Ky30Ba BaroHa
[Tapamerp MonenupoBanue MKO Haryphslie Pacuer no «Hop-
CTEHIOBBIE MaM...»
Cmoco6 1 | Crmoco0 2 | Croco06 3
HCIIBITAaHUSA
YactoTa U3rnOHBIX
Kose0aHuit Ky30Ba 8,7 9,6 10,3 11,3 13,1
Barosa, I'if

ConoctaBneHue pe3yabTaTOB MOJEIH-
pOBaHUSI BUOPAIIMOHHBIX HCIIBITAHUI Ky30Ba
TPETBUM CIIOCOOOM C pe3ylbTaTaMH HaTyp-
HBIX CTEHJOBBIX MCIIBITAHUN MOKa3bIBAET HUX

yIOBJIETBOPUTEILHOE COOTBETCTBHE  (pac-
XO0XJIeHHE He mpeBbiiaet 8,8%).
TakuM 00pa3oM, HCIOJIB30BAHUE -

HaMHYECKOM MOZCIIN JIBYX3TaXXHOT'O BaroHa

CIIUCOK JIMTEPATYPBI

1. Hopwmsl is pacueTra W MPOSKTHPOBAHUSI HOBBIX U
MOJICPHU3UPYEMBIX BAarOHOB JKEJE3HBIX JIOPOT
MIIC xomen 1520 MM (HecaMOXOAHBIX). — M.:
BHUMB-BHUMXKT, 1983. — 260 c.
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C YOpPYTrUM KY30BOM, pacHpeieleHHe €ro
Macc M0 JUIMHE M BBICOTE C YYETOM >KECTKO-
CTHM IMEPETrOpPOJOK MACCAKUPCKUX Kyle H
CIIy’>keOHBIX MMOMEIICHUN MO3BOJISIOT MPUOIIH-
3UTHCA K IMHAMUYECKUM MOKA3aTeNsIM peajlb-
HOrO Ky30Ba, B TOM 4YHCJI€ NIPH MOAEIHPOBaA-
HUU JIBH)KEHUS BaroHa 110 HEPOBHOCTSM ITyTH.

2. OAO «TBepcKOil BarOHOCTPOUTCILHBINA 3aBOI». —
Pexxum moctyma: http:/ www.tvz.ru/.
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