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JocaigkeHHs] BEpTHKAJbHOI IUHAMIKHA HECYYHX KOHCTPYKIIA BAHTAKHUX
BAroOHiB i3 KpyrJjamux Tpyo

Mera. lle nocnipkeHHs CIpsIMOBaHE Ha BH3HAUCHHS BEPTHKAIBHOI JHHAMIKH HECYYHX KOHCTPYKILIl BaHTaX-
HHX BaroHiB i3 kpyriux tpy0. Meroauka. [IpoBejeHO MaTeMaTHYHE MOJCIIOBaHHS AWHAMiYHO! HABaHTAKEHOCTI
HECYYUX KOHCTPYKLil OCHOBHMX THIIIB BaHTQ)XHUX BaroHiB i3 Kpyriux TpyO: MiBBaroH, KPUTHUH BaroH, BaroH-
mwiatopma, BaroH-xomep. JlOCTiHKEHHST MPOBEACHO B IUIOCKIH cucTeMi KoopauHaT — rwionudi XZ. Ilpu npomy
BPaxoOBaHO, IO BaroH PyXa€ThCsl MPY)KHO-B’SI3KOI0 KOJIEIO Tak, IO peakiii Kouii mpomopuiiHi gk ii nedopmaii,
TaK 1 mBUAKOCTI Hi€el nedopmarnii. Y3410 10 yBaru pyx BaroHiB y mopoxHboMY cTaHi. CTUKOBY HEpPIiBHICTh OIUCAHO
nepioguyHor0 (yHKII€. Po3paxyHoK mpoBelneHo 3a MBUAKOCTI pyXy BarosiB 80 km/roa. Po3s’s3ok mudepeniiia-
JMbHUX PIBHSHB PyXy 3iilicHeHO B mporpamHomy komiuiekci MathCad i3 Bukopucranusm metony Pynre—Kyrra.
PesyabraTi. Ha migcTaBi MaTeMaTHYHOrO MOJCIIOBAHHS JAMHAMIYHOI HABAHTa)KCHOCTI HECYYHMX KOHCTPYKLIH Ba-
TOHIB i3 KPYIIIUX TPyO OTPHIMAaHO OCHOBHI MOKA3HUKH iX TUHAMIKH: IPUCKOPEHHS, K1 TIIOTh Ha HECYdi KOHCTPYKIIi1
B [IEHTPi Mac, CHJIH, IO IiFOTh Y PECOPHOMY MiABIIIYBaHHI Bi3KiB, KoeimieHTH AuHAMIKH. [IJ11 miBBaroHa, KPUTOTO
BaroHa, a TaKOX BaroHa-xoIlepa NPHCKOPEHHs B LEHTPI Mac Hecydoi KOHCTpYyKUii mepebyBaroTh y Mexax 0,4 g,
a BaroHa-iatgopmu — 0,5 g. YcTaHOBIICHO, IO OTPHMaHI MOKa3HUKN AWHAMIKH BaroHIB i3 KPyrimx TpyO mepedy-
BalOTh Y MEXax JIONMyCTUMUX. [IprCcKOpeHHsI, sIKi TII0Th Ha HECY4l KOHCTPYKII BaroHiB i3 KPyIJHX TpyO, Maixke He
BIJIPI3HSIOTHCS BiJ] THX, [0 OTPUMaHI JJIs BATOHIB-MPOTOTHIIB. [Ipy IbOMY XiJ] BATOHIB OI[IHCHO 5K «BIAMIHHUI» —
MiBBaroH, KpUTHH BaroH, BaroH-xomep Ta «xoOpwuit» — Baron-uiatrgopma. HaykoBa HoBu3Ha. Y po0oti Bnepiue
301 ICHEHO MaTeMaTH4HEe MOJICIIOBAHHS TUHAMIYHOI HABAaHTA)KEHOCTI HECYYMX KOHCTPYKLIM BaroHiB i3 KpYIJHX
TpyO Ta OTPUMaHO OCHOBHI MOKa3HHUKH iX nuHamiku. IlpakTuuHa 3HaYuMicThb. [IpoBenieHi JOCIiIKEHHS CIIPUSATH-
MYTh CTBOPEHHIO PEKOMEHAALIH 1110JJ0 MPOEKTYBAHHS HECYYMX KOHCTPYKIIH BaHTa)XHUX BAaroHIB i3 KPyriiuX Tpyo,
a TaKOXX MOXYTb OyTH KOPUCHUMHM HATPALFOBAHHSAMH I1iJ] YaC CTBOPSHHS iHHOBAIIHHUX KOHCTPYKLiil BaroHis.

Knrouogi cnosa: BaroH; Hecyda KOHCTPYKIIisl; TMHAMIYHA HaBaHTAXKEHICTh; BEPTHUKAJbHA AWHAMIKA; TPAHCHIOPT-
Ha MexaHika

Beryn 3MEHIIIEHHIO BUTPAT Ha BUTOTOBJICHHS BAroHiB, iX
EKCIUTyaTallilo, a TAKOX MiJBHUIICHHIO e(PEeKTUBHO-
CTI MIEPEBI3HOTO MPOIIECY.

BusHaueHHs TUHAMIYHOI HABAHTAXXEHOCTI ITiB-
BaroHa mojeni C70 3 ypaxyBaHHSIM pi3HOi BUCOTH
LeHTpa Baru HaBesneHo y [8)]. Po3paxyHkoBi cuiy,
SIKi JIIFOTh Ha Ky30B BaroHa, yCTaHOBIIEHO Ha TifIC-
TaBi HOPMaTUBHUX CTaHIAPTIB JUIs 3aii3HAND Ku-
Taro.

3’sicyBaHHS OCHOBHHUX JUHAMIUHUX ITOKa3HUKIB
BaHTQ)XHHUX BaroHIB 3 YPaxyBaHHSAM IOMEPEYHUX
3MillleHb Bi3KiB onucaHo B [7]. OTpuMaHo naHi, ki
JIO3BOJISIIOTH  OIIIHUTH BIUTAB TOTIEPEYHOTO 3Mi-
IICHHS Bi3KiB BaroHa Ha MMOKa3HUKU OE3MEKU PyXYy.

OpHak 3aa4y BH3HAUEHHS BEPTHKAIBHOI Ha-
BaHTKEHOCTI HECYYMX KOHCTPYKIiHi Barosis

[TnigHe QyHKIIOHYBaHHS TPaHCHOPTHOI ramysi
3YMOBIIIOE€ HEOOXIJIHICTh YNIPOBAKEHHS B €KCILTY-
aTalilo Cy4acHHX TPaHCIOPTHUX 3ac00iB. OCKiib-
KM OCHOBHHUI CErMEHT NEPEeBi3HOTO Ipolecy Bil-
BEJICHO 3aJlI3HUYHOMY TPAHCIOPTY, TO JO CTBO-
pPEHHS CydacHUX KOHCTPYKIIili BaroHiB IMOTPiOHO
nepea’ BIATUCS 0coONMBI yMOBH. 30KpeMa Iie
CTOCYETBCS IX HECYUUX KOHCTPYKIIiH.

BaxiBUM HamnpsiMOM CTBOPEHHS TIEPCIIEKTHB-
HUX BaHTQXHHUX BAaroHiB € ONTHMIi3aLisl iX HECYUHX
KoHCTpyKIiH. [le no3Bommino 6 3MeHIUTH X Mare-
plaloeEMHICTh 32 YMOBH JIOTPUMAaHHSI BaHTaXOIIiJI-
HOMHOCTI He HIKYE 3a BIINOBIAHI KOHCTPYKLil
BaroHiB-poToTHIiB. Take pillleHHs CHOpHUITUME
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3 ypaxyBaHHSM 3MEHIICHHS X MaTepiaJoeMHOCTI
B ITUX POOOTaxX HE PO3TIIHYTO.

JocnipkeHHIO TUHAMIKH PYXOMOTO CKIIaay
3 BUKOPHCTaHHSM CKCIICPUMEHTANBHOTO BaroHa-
nabopatopii npucesiuero poboty [5]. PosrmsayTo
MOJKIIMBY CHJIOBY JIil0 Ha PEMKy Ta KOJIECO pyXo-
MOTO CKJIQAy MiJ Yac MPOXOIKEHHS CKJIagHOI [ii-
JISTHKA KOJTii.

OniHKy JUHAMIYHUX SKOCTEW BaHTAKHUX Ba-
TOHIB Ha Bi3KaX MEPCIECKTUBHOI MOJICIII HABEJIEHO B
[14]. OrpumMaHO eKCIIEpUMEHTANbHI 3alI€KHOCTI
OCHOBHHUX TUHAMIYHUX ITOKa3HUKIB pyXy MiBBaro-
HIB 13 BUKOPUCTaHHAM Bi3KiB Mozeni 18-9771, sxa
Mae pi3HI mapameTpu KoB3yHiB. lle mae moxiim-
BiCTh BHOOpPY MapaMmeTpiB KOB3YHIB JJIsi OTPHUMAaH-
HSl HAHOUTBIIOrO eeKTy 31 3HWKEHHS TUHAMi4HOT
HaBaHTa)KEHOCTI SIK BaroHa, Tax 1 Koumil.

OpnHak y mux poOOoTax MPUIIEHO yBary IIo-
JIIIIIEHHI0 TOKA3HUKIB IUHAMIKA BaroHiB IUIIXOM
BUKOPUCTAHHS HOBHX 200 MOJCPHI30BaHHMX THIIIB
Bi3KiB. [Ipu bOMy He B34TO 70 yBaru Hecydi KOH-
CTPYKIIil BaroHis.

Oco06IMBOCTI MOZIEpHI3allii Ky30BiB BAHTXKHUX
BaroHiB Ha Cy4aCHOMY €Talli PO3BUTKY TPaHCIIOP-
THOI ramy3i omucado B [15]. MeToro Takoi Mozmep-
Hi3allii € MOJOBXKEHHS CTPOKY eKCILTyarallii Baro-
Ha. Takoxx y poOOTi 3ampOIOHOBAaHO BIOCKOHA-
JICHHS CHCTEMHU MiarHOCTUKM TEXHIYHOTO CTaHy
MOJIEPHI30BaHHUX KY30BiB BaroHiB.

3axo/MiB MO0 ONTHMI3aIll Ky30Ba BaroHa
3 METOK0 3MEHIIIEHHS MaTepiaoeMHOCTI B pOOOTI
HE 3aMpOorOHOBAHO.

CTpyKTYpHO-AMHAMIYHUIA aHaJli3 BaHTaXXHOTO
Barona mojano B [13]. Po3paxyHOK mpoBeIeHO 3a
METOJIOM CKIHYEHHUX eleMeHTiB. [Ipu 1poMy po3-
TIISTHYTO OaraTopiBHEBY CHCTEMY BiJIBHOCTI Baro-
Ha.

Pe3ynbTaT BU3HAYCHHS TUHAMIYHOT HABaHTA-
JKEHOCTI IMiBBaroHa IIijf 4ac NepeBe3eHHs Ha 3alli3-
HUYHOMY mopomi HaBeneHo B [9, 11]. Ilpu ubomy
PO3TIISIHYTO BHIIQJIOK KOPCTKOTO 3aKpIIUICHHS KY-
30Ba BiJTHOCHO MalTyOH, TOOTO BiJICYTHICTh BIIACHO-
IO CTYIEHs BIILHOCTI ITiJ] Yac KOJIHMBAaHb 3ajIi3HUY-
HOTO TIOpOMa.

BaxmBo 3a3HauMTH, M0 B IMX poOOTax He
B3STO JIO yBard BU3HAYCHHS BEPTUKAILHOI TUHA-
MIKH Ta OLIIHKY X0y BaroHa.

JlocnipkeHHsT BIULTMBY OCbOBOTO HAaBaHTAXKEHHS
Ha JIMHAMIYHI TTOKa3HUKH IiBBaroHiB, a TAKOX IO-

Ka3HHMKH iX B3a€MOii 3 KoJiero ommcano B [16].
[IpoBeneHo MaTeMaTHUYHE Ta KOMIT FOTEPHE MOJIe-
JIFOBaHHS JTMHAMIYHOT HABAaHTAXKEHOCTI IMiBBaroHa
i 9ac pyxXy 31 MBHUIKOCTSIMH B Jiana3oHi Bix 50
10 90 km/ron B kpuBHX pagiycamu 350 1 600 m.

BusHaueHHs MIITHOCTI Ky30Ba IiBBaroHa 3 ypa-
XYBaHHSAM OTPUMAaHUX pE3YNbTATiB JUHAMIYHOI
HaBaHTAXKEHOCTI B pOOOTI HE TIPOBEICHO.

Pesynbpratn BTOMHOTO aHali3y Ky30oBa BaroHa
cepii S (g) mmns naBemeHo B [17]. PospaxyHok
3MIACHEHO 3a METOJIOM CKIHYEHHHX EeJIEMEHTIB.
Po3pobieHo Ta BepudikoBaHO TPUBUMIPHI MoIemi
JOCTTIDKYBaHUX BaroHIB Ta BU3HAYCHO MOKA3HUKU
1X MILIHOCTI.

OpHak TUTAaHHIO ONTHMI3allii Ky30Ba BaroHa
3 METOI0 3MEHIICHHS MaTepiaJOEMHOCTI B iil po-
00Ti yBaru He NPUAIJICHO.

Meta

OCHOBHOIO METOIO CTATTi € JIOCIIPKEHHS Bep-
TUKAJIbHOI JMHAMIKM HECYYMX KOHCTPYKIIiH BaH-
TQXHUX BaroHiB 3 Kpyrimmx TpyO. lle mo3Bonuth
OOTpYHTYBaTH MOIUIBHICTH YIPOBAIKEHHS KpPYyT-
TUX TpyO SIK HECyuyHX €JEeMEHTIB Ky30BiB BaroHiB
Ta BHM3HAYHTH BIUIMB LHOI'O BJOCKOHAJIICHHS Ha
Oesmneky pyxy. [y qOCSTHEHHs 3a3HAYE€HOi METH
MOTPiIOHO BUKOHATH TaKi 3aBJaHHS:

— CTBOPUTH pO3PaxXyHKOBY CXeMy Hecydoi
KOHCTPYKIIT BAaHT)KHOTO BaroHa JJIsi BU3HAYCHHS
OCHOBHUX TTOKa3HUKIB JMHAMIKH;

— BH3HAYWTU OCHOBHI TOKa3HUKU JHHAMIKH
BaHTA)XHHUX BaroHiB i3 KPyriux Tpyo;

— NPOBECTH aHalli3 OTPUMAaHUX pPE3YJIbTATIB
11010 BU3HAYEHHS OCHOBHMUX MOKA3HUKIB JUHAMI-
KM BaHT2)XHHUX BaroHiB i3 KPyTriux TpyoO.

MeTtoanka

Jnst 3MeHIIEHHS MaTepialoEMHOCTI HECY4YHX
KOHCTPYKIIili BarOHiB 3aIIPOIIOHOBAHO BIIPOBA/IUTH
SIK KOHCTPYKINHHI eneMeHTH Kpyrm Tpyou [10,
12]. Take TexHiuHE pimIeHHS OOTPYHTOBAHO MPO-
BEJICHUMH PO3paxyHKaMH Ha MilHicTh. [Ipu ipomy
JIOCITIJKEHHSI TPOBEJICHO JJIsi OCHOBHUX THIIIB Ba-
HTa)KHUX BaroHiB: MiBBaroH, KPUTHI BaroH, BaroH-
atgopma Ta BaroH-xomep (puc. 1).

[IpocTopoBi KOMIT'FOTEpHI MOJEIl BaHTAKHUX
BaroHiB 3 ypaxyBaHHSIM 3allPpONIOHOBAaHHX pillIeHb
HaBeJICHO Ha puc. 2.
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JInst BU3HA4EHHS OCHOBHHUX ITOKa3HMKIB JTMHA-
MIKH 3aIIPONOHOBAaHMX KOHCTPYKIIiH BaroHiB mpo-
BEJCHO PO3PaXyHKH, Ui YOrO BUKOPUCTAHO Ma-
TEMaTHYHY MOJIeJIb, HaBeieHy B [3].

Baron mpum 1mpoMy pO3IIISHYTO SIK CHCTEMY
3 TPhOX TBEPAMX TIT — HECY4YOi KOHCTPYKILIi Ta
nBOX Bi3KiB Mozeni 18—100 3 pecopHUMU KOMILIE-
KTaMH, SIKi MalOTh KOPCTKICTh Ta KOe(iIlieHT Bij-
HOCHOTO TEPTH.

VYpaxoBaHO, II0 Ha CHCTEMYy HAKJIaJICHO TaKi
3B’SA3KH:

— MepeMillleHHs Ky30Ba Ta Bi3KiB BaroHa-
m1aThOopMH y3JIOBXK OCI KOJIT OJHAKOBI: (1 = (3 =
Qs;

— KOJIICHI Tapu pyXarwThcs 0e3 MPOKOB3yBaH-
us: Prij = xrg/R, (r, i, j =1, 2), ne R — pazgiyc komne-
ca, 0,475 m;

— 4yepe3 BIACYTHICTb MpPYKHUX €JIEMEHTIB
y OyKCOBOMY MiABiIIyBaHHI migcTpuOyBaHHS Bi3-
KiB BU3HAYAIOTH ITiACTPUOYBAHHIM KOJICHHUX TIap.

MZ-NUZ TN x &

%

Puc. 1. JocmimpkyBaHi THIIH BaHTa)KHUX BaroHiB:
a — TIBBAroH; O — KPUTHI BaroH; 6 — BaroH-11aTgopma; ¢ — BaroH-XoIep

Fig. 1. Types of freight cars under study:
a —gondola car; b — covered car; ¢ — flat car; d — hopper car
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a—a

Puc. 2. Komn’toTepHi Mozieni 3a1i3HUYHUX BaroHiB, HECYYl €JIeMEHTH
KY30BiB SIKHX BUKOHAHO 3 TPYO KPYTIJIOTO Mepepi3y:
a — TIBBAroH; O — KPUTHH BaroH; 6 — BaroH-II1aTgopma; ¢ — BaroH-XoIep

Fig. 2. Computer models of railway cars, supporting elements of bodies of which are made of round section pipes:
a — gondola car; b — covered car; ¢ — flat car; d — hopper car

Kiii kouii mpomopiuidiHi sk i1 medopmartii, Tak
i mBHaKOCTI 1€l gedopmartii [3]. Ypaxosano, 1o

JlocnikeHHs NPOBEAECHO B IUIOCKIH CHUCTEMI  BaroHW pyXalThCs B IOPOXHBbOMY cTaHi. Pospa-
KoopauHar. IIpuMHATO NPUIYINEHHs, 10 BaroH  XyHKOBAa MOJENb BaroHa HaBeJcHa Ha puc. 3.
PYXa€EThCS MPYIKHO-B’SI3KOK0 KOJIEIO Tak, 110 pea-

PesyabTaTtn

(D Ms /M
klé 1 ﬂ] Lt k1 hJBl % [EX)
Ty
na(t n3(t na(t m(t
i< 2 »a—ly
Puc. 3. Po3paxyHkoBa cxeMa BaHTaXHOTO BaroHa
Fig. 3. Estimated scheme of freight car
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ne Mi, M> — BiAMOBIAHO Maca Ta MOMEHT iHEpIIi
Hecy4ol KOHCTpYKILii BaroHa-matdopmu; Ma, Ms
— BIJMIOBIZHO Maca Ta MOMEHT 1HEpIlil MepIioro 3a
XOJIOM pyXy Bi3ka; Ms, Ms — BiAMOBITHO Maca Ta
MOMEHT 1HepLil Apyroro 3a XoA0M pyxy Bizka; Cij
— XapaKTEepPHCTHKH MPYKHOCTI €JIEMEHTIB KOJHBa-
JBHOT CHCTEMH, SIKI BU3HAYAIOTh 3HAUYECHHSAMH KOe-
bimientiB sxopctrocti npyxkuH Kr; Bij — dyHKIis
PO3CitOBaHHS; @ — MOJIOBMHA 0as3u Bi3ka; Ki — skop-
CTKiCTh KouIil; 1 — KoedimieHT nemmndyBanHs; Ni(X)
— (hyHKIis, KA OTMIHCYE HEPIBHICTh PEHKOBOT KOJIii;
Oi — nedopmariii IpyXKHUX CJIIEMEHTIB PECOPHOTO
migBimyBaHHs; Frp — cuia aOCOMIOTHOTO TepTs
B PECOPHOMY KOMILIEKTI.

CTHKOBY HEpIBHICTh ONHMCAaHO MEPiIOTUYHOIO
dyukiiero [3]:

h
t)=—(1-coswt),
n(t) =5 -coson) o
ne h — rnubuHa HEPIBHOCTI; ® — YacTOTa KOJH-
BaHb, Ky BH3HA4alOTh 3a Gopmynorw o=2mV/L
(V — mBuakicTh pyxy Barona, L — nosxuHa HepiB-
HOCT1).

(6)

Po3B’s130k mMaremartnuHoi Mopeni 3AIHCHEHO
B mporpamHomy komiuiekci MathCad 3a metomom
Pynre—Kyrra [4, 6, 18].

[TowyaTkoBe MepeMileHHsI Ta MBHIKOCTI B3STO
piBHUMHU HyIO. BXimHUMEH mapaMeTrpaMu MoOAeli
€ TeXHIYHI XapaKTePHCTUKH Ky30BiB BaroHiB, pe-
COpHOTO IiBINIYBaHHS, a TaKOX 30yprorouoi mii.
ITix yac mpoBeaeHHsS PO3PAaXyHKIB ypaxOBaHO Ia-
paMeTpu PECOPHOro MiABIIIYBaHHS Bi3Ka MO
18-100.

Inepuiiini koedilmieHTH HECyYHX KOHCTPYKIIIH
BaroHiB, fKi BPaxOBaHO IIiJi 4aC BU3HAYCHHS JIU-
HaMIYHOi HaBaHTaXXCHOCTI y BEPTHKAJBbHIN ILIO-
eI, HaBegeHo B Ta0u. 1. Li xoedimienTn BU3HA-
YeHO 3a J0IOMOTOI0 OMIIiK MPOrpaMHOro KOMILIe-
kcy SolidWorks.

Po3paxyHOK mpoBeeHO 32 MBHIKOCTI pyXy Ba-
roniB 80 km/roa. Pe3ynbprat po3paxyHKiB HaBe-
JeHo B Tab. 2, a TakoX Ha puc. 4—7.

OTmxe, Ui TMiBBaroHa, KPUTOTO BaroHa, a Ta-
KOXX BaroHa-xorepa NPHCKOPEHHs B LEHTPI Mac
Hecy4ol KOHCTpYKIii mepedyBae B Mmexax 0,4 g,
a BaroHa-ruiargopmu — 0,5 g.
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OtprMaHi pe3ynbTaTH [O3BOJIIIOTH 3pOOMTH  FOTHCS BiJ THX, IO OTPUMAaHi JUIA BaroHiB-
BHCHOBOK, IO MTOKa3HMKHM JHHAMIKHA BaroHiB Ile- IMPOTOTHIIB (puc. 8).
peOyBaroTh y MekKax JaomycTumux [1, 2]. [Ipu nboMy XiJ BaroHiB OI[IHEHO SIK «BiJMiH-
[IpuckopeHHs, AKi Iif0Th HA HECYydi KOHCTPYK- HHID» — IIBBaroH, KPUTUH BaroH, BaroH-XOIep Ta
1Iii BaroHiB i3 Kpyrimx TpyO, Maixke He BIAPI3HA-  «1o0Opuin» — BaroH-aTdopma (puc. 9).

Tabnuus 1
Inepuiiini koedinieHTH HecyYHX KOHCTPYKIii BATOHIB /181 BU3HAYEHHS
AUHAMIYHOI HABAHTAKEHOCTI Y BePTUKAJIBHIN miomuHi
Table 1
Inertial coefficients of supporting structures of cars for determination
of dynamic loading in the vertical plane
MowmeHrT iHepuii, BiIcOTOK 3MEHIIEHHS MaCH TOPIBHSHO 3
Tum Barona Maca, T )
T M BaroHOM-IIpOTOTHUIIOM
[liBBaron 14,6 266,1 6,0
Kputnit Baron 14,7 307,9 4.0
Baron-mardopma 11,0 101,4 4.0
Baron-xorep 14,8 230,2 5,0

Tabnuns 2

JAuHaMivyHi NOKA3HMKH JOCHIIKYBAHUX BATOHIB MiJ 4ac pyxXy B IOPO:KHbOMY CTaHi

Table 2
Dynamic indicators of the cars under study when moving in empty state
TToka3uuk 3HaYeHHs
1B KB BII® BX
Ipuckopenss Ky3oBa, m/c? 41 4,07 52 4,05
Cuuia B pecopHOMY Ii/IBillyBaHHI nepiioro Bizka, kH 41,0 41,4 40,3 41,3
Cuuia B pecopHOMY ITiIBilllyBaHHi Ipyroro Bi3ka, kKH 41,0 41,4 40,3 41,3
KoediieHT 1uHaMIKK EPIIOTO Bi3Ka 0,52 0,5 0,72 0,5
KoediieHT quHaMiKu APyroro Bizka 0,52 0,5 0,72 0,5
I1B — niBBaron; KB — kpuruii Baron; BII® — Baron-miatpopma; BX — BaroH-xormnep
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Fig. 4. Accelerations acting on the supporting structure of the gondola
Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2021/227223 © O. B. ®omin, A. O. Jloceka, 2021

109


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancropry. Bicuuk J{HinponeTpoBcbKoro
HAL[IOHAJILHOTO YHIBEPCUTETY 3alli3HHYHOr0 TpaHcnopty, 2021, Ne 1 (91)

PYXOMMI1 CKJIAJL I TATA TIOI3/11B

2 |
E Orl."l'.n h J|'| 'q‘x ] b | 1l| 1‘5 1 (AR | I\n
AR LA N ‘N
St ] - S r
S -4
-6
0 1 2 3 4 5

. . t,C
Puc. 5. HpI/ICKOpeHHH, SAK1 J1IF0Th Ha HECYYY KOHCTPYKI[IHO KPUTOT'O BaroHa '

Fig. 5. Accelerations acting on the supporting structure of the covered car
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Fig. 6. Accelerations acting on the supporting structure of the flat car
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Fig. 7. Accelerations acting on the supporting structure of the hopper car
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Fig. 9. Accelerations acting on the supporting structures of cars made of round pipes

[IpoBeneHi JOCTIIKEHHS JOBOJAATH JIOILIb-
HICTh YMPOBAKCHHS KPYTIIUX TPYO AJISi HECY4HX
€JIEMEHTIB BaroHis.

HaykoBa HOBU3HA Ta IPAKTHYHA
3HAYNMICTh

Y po0ori Brepiie 3iiiCHEHO MaTeMaTUIHE MO-
JIETFOBAHHS JMHAMIYHOT HABaHTAXKEHOCTI HECYUYMX
KOHCTPYKI[ifl BaroHiB i3 Kpyriaux Tpyo Ta oTpuMa-
HO OCHOBHI ITOKA3HHMKH iX JUHAMIKH.

[IpoBeneHi AoCHiIKEHHS CIPHATUMYTH CTBO-
PEHHIO PEKOMEHJAlii MO0 MPOCKTyBaHHS HECy-
YMX KOHCTPYKIiM BaroHiB i3 Kpyriux Tpyo, a Ta-
KOXX MOXYTh OyTH KOPUCHUMH HampalfOBaHHSIMH
JUTSE CTBOPEHHS 1HHOBAIliHHMX KOHCTPYKIIiii Baro-
HiB.

BucnoBxku

1. CtBopeHO pO3paxyHKOBY CXeMy Hecydoi
KOHCTPYKI[ii BAHTQ)XHOTO BaroHa JJisi BH3HAYCHHS
OCHOBHMX ITOKAa3HHKIB IMHAMIKH. JlOCIiIKEHHS
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MPOBEACHO B IUIOCKIH cucTeMi koopawmHat. Mo-
JIeNTb BpaxoBYy€ MEPEMIIIeHHsS BaroHa 10 CTUKOBIN
HepiBHOCTI. [Ipy 1bOMY AOCHIIKEHO PyX BaroHiB
Yy IOPOXKHHOMY CTaHi.

2.Bu3HaueHO OCHOBHI MOKa3HWKH THHAMIKH
BaHTaKHUX BArOHIB i3 KPYIJMX TPyO: MPHCKOPEH-
HSl, SKi JiIOTh Ha Hecydy KOHCTPYKLIIO B IIEHTpi
Mac, CHIIM, IO JIF0Th Y PECOPHOMY ITiBIlTyBaHHI
Bi3KiB, KOC(II[IEHTH JUHAMIKY.

3.IlpoBeneHo aHami3 OTPUMAaHUX PE3yJbTATIB
LI0A0 BU3HAYCHHS OCHOBHMX IOKA3HUKIB JUHAMI-
KM BaHTOXHUX BaroHiB i3 kpyraux T1py0. llpm
UBOMY JUIS TMiBBaroHa, KPUTOTO BaroHa, a TaKOX
BaroHa-xorepa MPUCKOPEHHS B LIEHTPi Mac Hecy-

4oi KOHCTpyKIii mepeOyBaioTe y Mexax 0,4 ¢,
a BaroHa-mardopmu — 0,5 g.

[IpuckopeHHs, sKi AilOTH Ha HECydi KOHCTPYK-
ii BaroHiB i3 KPyriux TpyO, Maibke He BIAPI3HI-
FOTBCS BiJ TIPUCKOPEHb IS BaroHIB-TIPOTOTHIIIB,
a X1J1 BarOH1B OLIIHEHO SIK «BIIMIHHHI» — IIBBaroH,
KPUTHI BaroH, BaroH-XoImep Ta «100puii» — BaroH-
maTdopma.

YcraHoBNEeHO, MO OTPUMaHi MOKAa3HUKU JHHA-
MIKH BaroHiB i3 Kpyriux TpyO nepeOyBaroThb y Me-
Kax JIOMYyCTUMUX.

Buxmanene Bka3dye Ha JOMUIBHICTD YIIPOBa-
JOKCHHST HECYYHMX CJICMCHTIB BaroHIB i3 KPYyIJIHMX

TpyO.
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Research of the Vertical Dynamics of the Supporting Structures of Freight
Cars Made of Round Pipes

Purpose. This study is aimed at determining the vertical dynamics of supporting structures of freight cars made
of round pipes. Methodology. Mathematical modeling of the dynamic loading of the supporting structures of the
main types of freight cars made of round pipes (gondola car, covered car, flat car, hopper car) was carried out. The
studies were carried out in a plane coordinate system — the XZ plane. At the same time, it was taken into account
that the car is moving in an elastic-viscous track so that the reactions of the track are proportional to both its defor-
mation and the rate of this deformation. The studies were carried out for the case of empty cars. The joint inequality
is described by a periodic function. The calculation was performed at a speed of 80 km/h. Differential equations of
motion were solved in the MathCad software package using the Runge-Kutta method. Findings. Based on the math-
ematical modeling of the dynamic loading of the supporting structures of cars made of round pipes, the main indica-
tors of their dynamics were obtained: accelerations acting on the supporting structures in the mass center, forces
acting in the spring suspension of bogies, dynamics coefficients. For gondola car, covered car, and hopper car, the
acceleration at the mass center of the supporting structure is within 0.4 g, and for a flat car — 0.5 g. It was found that
the obtained indicators of the dynamics of cars made of round pipes are within the permissible limits. The accelera-
tions acting on the supporting structures of cars made of round pipes are almost the same as those obtained for
prototype cars. At the same time, the motion of cars is assessed as «excellent» for gondola car, covered car, and
hopper car and «good» for flat car. Originality. Mathematical modeling of the dynamic loading of the supporting
structures of cars from round pipes was carried out and the main indicators of their dynamics were obtained.
Practical value. The research carried out will contribute to the creation of recommendations for the design of sup-
porting structures of freight cars of round pipes, and can also be useful developments in the creation of innovative
car designs.

Keywords: car; supporting structure; dynamic loading; vertical dynamics; transport mechanics
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