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BU3HAYEHHS MIITHOCTI HECYYOI KOHCTPYKIIII BATOHA-
IHJIAT®OPMMU 3YJIEHOBAHOI'O TUILY 3 KPYI'JIUX TPYD

Mera. lle nmociipkeHHs CIpsIMOBaHE Ha BWU3HAYCHHS IOKA3HMKIB MIITHOCTI HeCy4oi KOHCTPYKIIi Barosa-
aTGopMu 34IEHOBAHOTO THITY 3 KpyriuX Tpy0. Meroauka. CTBOPEHO KOMII'IOTEPHY MOJIETIbh HECY40l KOHCTPYK-
il BaroHa-riaTpopMu 34JICHOBAHOTO THUITY 3 KPYIriux TpyO. Jlyist qociimKeHHs AMHaMIYHOT HaBaHTa)XKEHOCTI HeCy-
40i KOHCTPYKIIii BaroHa-ruiaTopMu MPOBEACHO MAaTEeMATHYHE MOJCIIOBaHHS. P0O3paxyHOK BHKOHAHO B IUIOCKIi
cucteMi KoopauHart. J{o yBaru B3sTi KOJMBaHHS MOCMUKYBaHHS, TaJOMyBaHHs Ta IIiJCKaKyBaHHs. Po3B’s30k nude-
peHLIaNbHUX PIBHAHB PyXy 3liliCHEHO B mporpamHomy 3ade3nedenHi MathCad. [IpoBeneHo po3paxyHOK Ha Mill-
HICTh HECy40i KOHCTPYKIIi1 BaroHa-miaThopMu 34JICHOBAHOTO TUIy. Pe3ynbTaTu. BcTaHoBNEHO, 0 NPHUCKOPEHHS,
SIKI TIPUTIAJAI0Th Ha HECYTy KOHCTPYKIIIO MEPIIoi CeKIil BaroHa-IaTGopMHu, CKIagaroTh 38,2 M/c?, a aApyroi — Oim-
3pK0 37,5 m/c?. OTpuMaHi BEIMYUHN IIPUCKOPEHb YPaxoBaHO Ul BU3HAYCHHS MOKA3HHUKIB MIIHOCTI HECY40l KOHC-
TpyKILii BaroHa-maatGOpMH 3WICHOBAHOTO THITy. PO3paxyHOK IPOBEJEHO 3a METOAOM CKIHYEHHHMX EJIEMCHTIB
y nporpamHOoMy 3a0e3nedeHHi CosmosWorks. YpaxoBaHO, IO KOXXKHA CEKIlisl BaroHa-uiaTGOpMH 3aBaHTaKCHA
nBoMa 20-GpyTOBUMH KOHTeHHepamH. Pe3ynbTaTu MpoBelEHHX pPO3PaxyHKIB JO3BOJMIM 3POOHUTH BHCHOBOK, IO
MaKCHMaJIbHI €KBIBaJCHTHI HaNpy>KCHHS BUHHMKAIOTh y KOHCOJIBHMX YaCTHHAaX XpeOTOBOI OajKM Ta CKJIaJaroTh
6mu3pko 200 MIla, TOOTO He mNeEepeBHINYIOTH IOMycTHMi. MaKCHMaibHI NEpeMIlleHHs] Yy By3JlaX KOHCTPYKIIT
3ahikcoBaHO B cepeHiX YacTMHAX CEKIili Ta cKIafaioTh 3,8 MM, MakcuMaibHi Aedopmanii cknagaoTs 2,3-107,
HaykoBa HoBHM3Ha. P03po0sieHO KOMIT'IOTEpHY MOJENb JJsl BU3HAYEHHsI MIIHOCTI HECy4oi KOHCTpYKIii BaroHa-
1aTGOpMH 34ICHOBAHOTO THITY 3 KPYIJIUX TpyO. Moiens 103B0JIsS€ BU3HAYUTH MMOKa3HUKHU MIITHOCTI HECY4Oi KOHC-
TpyKIii BaroHa-muaTGopMH 3a MO3J0BXHBOI HaBaHTaKEHOCTI KOHCTpYKiil. [IpakTuyna 3HaunmicTh. [IpoBeneni
TOCTIDKCHHST CIPUATHMYThH MiJABHIICHHIO €(EKTHBHOCTI EKCIUTyaTallil KOMOIHOBaHHX IIEPEBE3CHb Ta CTBOPCHHIO
PEeKOMEHAIIIH 1010 NPOEKTYBAHHS Cy9aCHUX KOHCTPYKIIiif BaroHiB-1U1aT()OpM 34JICHOBAHOTO THITY.

Kniouosi cnosa: BaroH-maTgopmMa; 34ICHOBAaHUH BaroH; HeCyda KOHCTPYKIIiS; TUHAMIYHA HABAaHTAKEHICTh; Mi-
I[HICTh; KOHTEHHEPHI IIepEeBE3EHHS

Beryn IMHOTO BHKOHAHHA. lle J03BOIUTH 3MEHIIUTH
MaTepialoMiCKiCTh HECYYHX KOHCTPYKIiH BaroHiB-
miatdopm, a BiAMOBIAHO, i BUTPATH HA X BUTOTO-
BIIEHHS B pa3i 3a0e3nedeHHs yMOB MIITHOCTI Ta
eKCILTyaTalliitHOT HaIIHHOCTI.

[Tig yac mpoekTyBaHHS CyYaCHUX KOHCTPYKIiit
BaroHiB-1U1aT(OPM 3WIEHOBAHOTO TUILY BaXKJIMBUM
€ BpaxyBaHHA YTOYHEHUX BEJIMYWH HABAHTAKEHb,
1[0 MOXYTh JIiITH Ha HUX B eKcIuTyaTalii. HassHa
HOpMaTHBHa 0a3a HE BHCBITIIOE B TIOBHIA Mipi
0c00JIMBOCTEH HABaHTAXKEHOCTI HECYYHX KOHCTPY-
KIii BaroHiB-IUIaTOPM 3WIEHOBAHOTO THITY 3a
OCHOBHHUX €KCIUTyaTauilHUX pexxumiB. Lle Buxiu-
Ka€ HeOOXiHICTh MPOBEICHHS BiIIIOBITHUX JOCITi-
JDKEHb y 1[bOMY HampsiMi st GopMyBaHHS peKo-
MEHJAIiil 100 TPOEKTYBaHHS CYYacCHUX KOHC-
TPYKIiH BaroHiB-IIaTHOPM 3WICHOBAHOTO THIIY.

[ligBuieHHs: 00CSTIB MEPeBe3cHL BAHTAXIB Ye-
pe3 MIKHApOAHI TPaHCHOPTHI KOPHUIOPH 3YMOB-
JOIOTH HEOOXIJIHICTh YBEJEHHS B EKCILTyaTaIlito
KOHTEHHEpHUX nepeBe3eHb. [lepeBe3eHHsl KOHTEe-
HEpIB 3aJI3HMIICIO 3IHCHIOIOTh HAa BaroHaX-
miarpopmax. B ocTaHHI pOKM AJs MiABUIIECHHS
e(EeKTHBHOCTI KOHTEHHEPHHX epeBe3eHb BUKOPH-
CTOBYIOTh BaroHU-IIAT(GOPMHU 3WIEHOBAHOTO TH-
my. OcoONMBICTIO TAKUX BaroHiB € Te, 10 iX HECy-
Ya KOHCTPYKI[iS CKIQJA€ThCsl 3 JIBOX CEKINH, SKi
OIUPAIOTHCS HA TPH Bi3KH.

Ha cywyacHomy ertami po3BUTKY 3ai3HUYHO] ra-
NMy3i Ha cTajii NPOEKTyBaHHS BaroHiB-miaThopm
34JIEHOBAaHOT'O THITY HEOOXIJHUM € BIPOBAKCHHS
HOBHX IHHOBAI[IfHUX PIillIeHb IOJI0 X KOHCTPYK-
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BusHaueHHs BILTMBY MO3A0BXKHBOTO U Iomnepe-
YHOTO 3MIIIEHHS LIEHTPa TSUKIHHS BEIMKOBArOBOTO
BaHTaXy Ha BaroHax-muargopMax MPOBEIACHO
B [14]. ¥V Xoxi BUKOHAHHS AOCIIIHKCHH OTPUMAHO
3aJIKHOCTI OCHOBHHMX JMHAMIYHUX IOKa3HMKIB
3 OTJIAy Ha BEIMYMHY LIBHIKOCTI PyXY.

AHamiz  Hecyuoi  KOHCTPYKIII  BaroHa-
maTdopmu mposeacHo B [17]. OcobmuBicTIO Ba-
rOHa-TIaTGOPMH € MOXKJIMBICTh PETYIIOBAHHS KO-
PHUCHOI IOBKWHH 3aJIeKHO BiJ rabapuTiB BaHTaxKy,
SIKUI Ha HhOMY TI€PEBO3STh.

BaxxnmBo 3a3Ha4wTH, 10 B PO3TISTHYTUX POOO-
Tax AOCHIPKEHHIO MO3I0BKHBOI AWHAMIYHOI Ha-
BaHTA)XEHOCTI HECY4YMX KOHCTPYKIIiii BaroHiB 3a
eKCIUTyaTallifHUX PEXUMIB yBaru He OyJo TpHIi-
JICHO.

JlocmimKeHHsT TUHAMIYHOT HaBaHTa)KEHOCTI He-
Cy4oi KOHCTPYKIIil Ky30Ba BaroHa mij 4ac mepeBe-
3¢Hb Ha 3aJII3HUYHOMY MOPOMi HaBEACHO B [5, 6].
PesynpTatn MaTeMaTHYHOTO MOJICITIOBAHHSM TTiJIT-
BEPKEHO KOMIT IOTEPHUM.

[IuTanHs AMHAMIYHOI HABAaHTa)KEHOCTI Ta Mill-
HOCTI BaroHiB-TIaTGOpPM 34YJICHOBAHOTO THITY
B po0OTax HE PO3IIISIHYTO.

[lepcriekTrBH 3acTOCYBaHHS MarepialliB HOBO-
ro MOKOJIIHHA ITiJ] YaC BUTOTOBJIEHHS 3aJ113HUYHUX
BaroHiB BUCBITIICHO B [10]. 3a3HaueHO mepemaru
BUKOPHCTaHHS MarHi€BUX CIUIABIB y HECYYHX CHC-
TeMax BaroHis. [IpoTe aBTopu He BKa3anu 0coOIH-
BOCTEHN IMHAMIYHOI HABAHTAKEHOCTI BaroHiB, BH-
TOTOBJIGHUX 13 TaKWX MarepialiB, 3a eKCIuTyaTa-
MIHHUX PEKUMIB.

Koncrpykuiiini  0co6nmBocTi  10Bro6azoBoro
BaroHa-rmathopmMu BUCBITIIEHO B [15]. OcobnuBi-
CTIO BaroHa € BiJICYTHICTh XpeOTOBOI OajKku 3a J0-
BXHHOIO paMu. HaBeZieHO pe3ynbTaTh po3paxyHKy
Ha MIIHICTh HECydol KOHCTPYKIi BaroHa-
wiatopmu, peasizoBaHi B MPOTPaMHOMY CEPE0-
Bumi ANSYS. OnHak npu npoMy aBTOpPH HE Ipo-
BOJWJIM MaTEMaTUYHOTO MOJICIIOBAaHHS JHHAMiy-
HOI HABaHTaXXEHOCTI BaroHa-ruiardopmu, a mij gac
PO3paxyHKIiB Ha MIIHICTh YPaxOBYBaJIH HOPMATH-
BHi BEJIMYMHU HABAHTAXKCHb.

VY ockoHaJIeHHsI HeCY40i KOHCTPYKIIii BaHTaX-
HOTO BaroHa BHUCBITJIEHO B [16]. HaBeneno pesyib-
TaTH PO3paxyHKy Ha MIIHICTh HECYy4Oi KOHCTPYK-
il Baroxa.

[lix gac mpoBeneHHS PO3paxyHKIB aBTOPH 00-
MEKWINCS HOPMAaTUBHUMH 3HAYECHHSMH HaBaHTa-
J)KE€Hb, SIK1 AIIOTH Ha BaroH. ToOTO MOIEIIOBAHHS
TUHAMIYHOI HaBaHTA)KEHOCTI HECYYO0i KOHCTPYKIIIT
BaroHa B IIUX poboTax He OyJo MPOBEIEHO.

BusHauenHs nuHaMiuHOi HaBaHTa)KEHOCTI Ba-
TOHIB MiJ Yac MepeBe3eHb Ha 3ali3HUYHUX MOPO-
Max mposeneHo B [11]. OTpumani BEIWYUHH TH-
HaMIYHUX HaBaHTa)KE€Hb BPAXOBAHO B PO3paxyHKax
Ha MILHICTh HECYYHX KOHCTPYKIiil BaroHiB.

JocaimkenHs JuHaMIYHOI HaBaHTa)KEHOCTI Ba-
TOHIB 34WJIEHOBAHOTO TUITY B pOOOTI HE BUKOHAHO.

Po3paxyHok Ha MilHICTh Barona-miatopMu
IUIsl TIEPEBE3CHHS KOHTEHHepiB HaBeaeHo B [19].
YpaxoBaHo, 0 Ha BaroHi-maTgopmi 3HAXOASATh-
cs nBa 40-pyroBux KoHTeHHepH. UucenbHi 3Ha-
YEeHHS PO3PaxyHKOBHX HaBaHTa)KEHb, SIKi MiIOTh Ha
BaroH-TaThopMy, Y34TO BiJIMOBIAHO 0 YWHHUX
HOpPMATUBIB.

OOrpyHTYBaHHS JOLNBHOCTI eKCIUTyaTallii Ba-
TOHIB-TUTaTGOPM ISl TIEpEeBE3E€HHS KOHTEHHEpiB
moxaHo B [7]. 3a KOHCTpPYKITi€r0 BaroH-Iuiatopma
Ma€ BaHTAXKOIIANOMHICTE 73 T Ta MOXE 3I1HCHIO-
BaTH IICPEBE3CHHS KOHTCHHEPIB THUIIOPO3MIpY
1CC, 1C, a takox 1CX.

Ocob6auBOCTI MOAEpHi3alii HECYyUYUX KOHCTpY-
KLI# BaroHiBs s 3a0e3meueHHs X MIIIHOCTI B €KC-
yaTarii posrisgayTo y [12]. HaBeneno pesynbra-
TH pO3pPaxyHKy Ha MIIHICTh Ky30BiB BaroHiB
3 ypaxyBaHHSM 3aMpONOHOBAHUX PIIlICHb.

OnHak y po3risHyTHX poOOTax HE BHUCBITIEHO
0COOJIMBOCTEI HABAaHTA)KEHOCTI HECYYNX KOHCTPY-
KII[i¥f BarOHIB 32 eKCILTyaTalllHUX PEXKUMIB.

Merta

OCHOBHOIO METOIO CTaTTi € BU3HAYECHHS T10Ka3-
HUKIB MIITHOCTI HECy4oi KOHCTPYKIIi BaroHa-
m1aTGopMH 3UICHOBAHOIO THIY 3 KPYIJIHX TPYO.
Jlnist MOCATHEHHS 3a3HA4Y€HOi METH BU3HAYEHO TaKi
3aBJIAHHS:

1. 3amponoHyBaTH MOJENIb HECY40i KOHCTPYK-
i BaroHa-miatGopMH 3WICHOBAHOIO THITY 3 KPY-
X TpyoO;

2. CKJIaCTH MaTeMaTHUYHy MOJENb JTHHAMIYHOI
HaBaHTA)KEHOCTI HECY4YOi KOHCTPYKIII BaroHa-
m1aTGopMH 3UWICHOBAHOTO THITY 3 KPYTIIUX TPYO 3a
OCHOBHHUX EKCIUTyaTaIllHHUX PEXHUMIB;

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/203404

© O. B. ®owmin, A. O. Jlosceka, 2020

93


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

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

Hayka Ta nporpec tpancropry. Bicuuk J[HinponeTpoBcbKoro
HaL[iOHAJIBHOTO YHIBEPCHTETY 3ali3HUYHOro TpaHcnopty, 2020, Ne 2 (86)

PYXOMMI1 CKJIAJL I TATA TIOI3/11B

3. CTBOPUTH KOMII'IOTEPHY MOJEIH Ui BU3HA-
YeHHS MIIHOCTI HEeCy4oi KOHCTPYKIIi BaroHa-
1aThOpPMH 3UJICHOBAHOTO TUILY 3 KPYIIIHX TPYO;

4.BU3HAUNTH TIOKa3HWKHA MIITHOCTI Hecydoi
KOHCTPYKIIii BaroHa-miaTGOpMH 34UICHOBAHOTO
TUIY 3 KpyTJUX TpyoO.

MeToauka

Jlst 3MEeHIIIeHHST MaTepiaJOMICTKOCTI BaroHiB-
m1aT$opM 3alIpONOHOBAHO BUTOTOBICHHS HECYUNX
€JIEMEHTIB 1X KOHCTPYKIii 13 TpyO Kpyrioro nepe-
pi3y. Ilpu mpoMy BROCKOHaJeHa Hecyda KOHCTpPY-
KLis BaroHa-margopMu Mae tapy Ha 5 % MeHIIy
3a Tapy BaroHa-MpoTOTHITy (BaroH-rwiatgopma
mogeni 13-401).

Jus migBumeHHs e(eKTUBHOCTI eKCIUTyaTarii
BaroHa CIPOEKTOBAHO MOJIENIb HECY40i KOHCTPYK-
mii  BaroHa-maTQoOpMH  3WICHOBAHOTO  THITY
(puc. 1). Hecy4ya KOHCTPYKIIisl CKIIQIA€THCS 3 ABOX
CeKIIii, SIKi CIIUpAIOThCsl Ha TPH Bi3KU. Bzaemomis
CeKIii MiX CO0O0I0 3AIMCHIOETBCS Yepe3 MPUCTPIi
3unenyBaHHsI SAC-1. JIns BU3HauUeHHS IiaMeTpiB
TpyO, 3 SKUX CKIAHAETHCA KOHCTPYKIIisl, BHKOPHC-
TaHO METOJ ONTHUMI3alii 3a KpUTEepieEM MiHIMyMy
MatepianomictrocTi. [Ipn npomy mBopHeBa Oajka
Ma€ KOHCTPYKIIifO, IIGHTUYHY JI0 Ti€l, sIka BUKOPH-
CTaHa Ha BaroHIi-MPOTOTHII. 3 OOKY CIIMpaHHS Ce-

KITift Ha cepeaHiil Bi30K MIBOpHEBa Oalika 3aMiHEHA
Ha 0anKy KpyTioro mnepepisy.

J1s MOKITMBOCTI TepeBe3eHHs] KOHTEHHEpiB Ha
BaroHi-uiatopMi mependadeHo MOCTaHOBKY Bif-
KUIHUX (ITHHTOBUX YIIOpPIiB y CepeaHiil JacThHI
CeKIii, M0 A03BOJISIE 3IMCHIOBATH MEpEeBE3CHHS
KOHTEHHEPIB Pi3HOIO THIIOPO3MIpY.

Jns mocmimkeHHsT JUHAMIYHOI HAaBAHTaKEHOCTI
BaroHa-IaTpoOpMH 34ICHOBAHOTO THUITY BHKOPHC-
TaHO MaTeMaTHYHY MOJEb, pPO3polJieHy Mpod.
I'. I. boromazom. Lro Mmoxens Oyno moompariboBa-
HO IUIIXOM YpaxXyBaHHS MEPEMIIIeHb JABOX CEKIIil
3a eKCIUTyaTalifHuX PEeKUMiB HaBaHTaXeHHs. Ta-
KOX Yy MOJIEJIi CKacOBaHO MPYKHi 3B’ A3KH MiXK KO-
HTCHHEPaMHU Ta HECYYOK KOHCTPYKIIIEI0 BaroHa-
mwiardopmu [3].

VYpaxoBaHo, 110 BaroH-miatopma 3aBaHTaxe-
HUK KoHTeWHepamu Tunoposmipy 1CC. ocmi-
JDKEHHSI KOJMBAaHb BaroHa-uiaTopMu 3 KOHTEH-
HEpaMH 3JIIHCHEHO Yy TUIOCKIN CUCTeMi KOOPAMHAT.

[lix yac cknamaHHsS MaTeMaTHYHOI MOJIEIN Bpa-
XOBaHO, 1110 KO’KHA CEKIlis BaroHa-IuaTGopMu Mae
BJIaCHY CTYyMiHb BiTbHOCTI. Ile mpumymieHHst 00-
IPYHTOBaHO THM, IO KOHCTPYKIIHHI OCOOIUBOCTI
MPUCTPOIO 3WICHYBAHHS JTO3BOJISIOTH 311CHIOBATH
TaKi MePEeMIIICHHS.

Puc. 1. Baron-nmatdopma 39JIeHOBaHOTO THITY 3 TPYO KPYTJIOTO Iepepiszy

Fig. 1. Articulated flatcar of round pipes
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Pe3yabTaTn 3I0BXHBOI CHIIM Ha HECYydy KOHCTPYKIIIIO HaBeze-
HO Ha puc. 2.

/g

Po3paxyHkoBy  cxemy  Barosa-miaatqopmMu
3WIEHOBAaHOTO TUITY 3 KOHTEHHEpaMH MiJ i€ Mo-

Z
m
P, K
- | A ‘
ijFTP M k j Frp M ij Frp
OF6) CE=9 c=
- 21 s 21 .

Puc. 2. Po3zpaxyHKoBa cxeMa BaroHa-1iaTpOpMHu 3WICHOBAHOTO THITY

Fig. 2. Calculation scheme of the articulated flatcar
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m; - Xy +(m,- -zci)-iﬁ)ml =0; @)
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m; - Zyn, =0; (6)

My, Sy, + My by, =K (X, = Xin, ) =03 (7)

Iy, '(Pnnz + My, 'h‘jénnz =& Oy, My, h=1-Fpp (SignA}m2 'SignAgmz )+Z(k1 Alnn2 —k, Agmz )5 )]

My - Enn, =k A kA - (signAlrLHz -signAl ); 9)

m; - Xy, +(m, 'ZL-i)'(f)nnz =0; (10)

I, +(m; - 2) Xy, — & (1 2 ) - @rin, =05 (11)

m; - Zy, =0, (12)

ae Al = Zrn, — 1 P, 3 Al = Zn, +1 @, i-of cekuii BaroHa-arpopmu; Ip; — MOMEHT
M IIM,- — Maca-OpyTro i-0i cekiii BaroHa- iHepuii i-o0i cekuii BaroHa-mardpopmu; P, — Belu-

, .. YHMHA MOB3J0BXHBOI CHITN i€ Ha aBTo3uerr; [ —
mwiargpopmu; Mp; — Maca Hecyuoi KOHCTPYKIILi a HoB3/10 of cuIH, IO i€ Ha aBTO3HeIL; [
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HOJIOBMHA 0a3u cekuii BaroHa-mathopmu; Frp,—
a0COIOTHE 3HAUEHHS CUIIU CYXOro TepTs B pecop-
HOMY KOMIUIEKTI; k'— JKOPCTKICTh 3B’SI3Ky MIiX
CeKUisAMH; k,, k, — HKOPCTKICTh NPYKUH PECOPHUX
KOMIUIEKTIB Bi3KiB BaroHa-miaTgopMu (Bi30K MO-
nem 18-100); m; — maca xoHTelHepa; 7, — BUCO-
Ta IIEHTpa Baru KOHTelHepa; [, — MOMEHT iHepIii

i-TO KOHTEWHEPA; X;, @, Z;

1

— KOOpAuHaTH, 110 BU-

3HAYAOTh  TEPEMIIEHHS  CeKIliH
1aThOpPMH BiTHOCHO BiIMOBITHUX OCEH.

BaroHa-

a—a

a, m/ct

[To3moBXXHE HABAHTAXKCHHS, SIKE i€ HA HECydy
KOHCTPYKITIIO BaroHa-miarGopMu, y3sTO piBHUM
2,5MH [1, 2]. Po3r’s3anns nudepeHiiaIbHIX
piBasHb (1) — (12) 3miiCHEHO B CEpeIOBHIITI
MathCad [8, 20].

PesynpTatn po3paxyHKy MOKasand, L0 MPHC-
KOPEHHSI, SIKi JIF0Th Ha HECy4y KOHCTPYKLIIO mep-
moi 3 OOKy CHIIM ceKii BaroHa-miaTdopMu, CKia-
naroTth 38,2 m/c?, a mpyroi — Ommssko 37,5 m/c?

(puc. 3).

0—-b

&, M/ic?

Puc. 3. IIpuckopeHHs, sKi TIFOTh HAa HECYYy KOHCTPYKIIIFO BaroHa-Iu1aT(OpMH 34ICHOBAHOTO THITY:
a — mepiia 3 00Ky Jii TO3JOBKHBOI CHITH CEKIisl BaroHa-IUIaTPOPMU;
6 — npyra 3 00Ky Jii HO3I0BKHBOT CHJIN CEKIIisl BaroHa-IaThopMu

Fig. 3. Accelerations acting on the load-bearing structure of the articulated flatcar:
a — the first flatcar section on the side of longitudinal force;
b — the second flatcar section on the side of longitudinal force

HactynHum eranmom y paMkax IIbOTO JOCIi-
JDKEHHS € BU3HAYEHHS TIOKa3HUKIB MIITHOCTI HECy-
401 KOHCTPYKIIii BaroHa-ruiaThopMu 34JICHOBAHO-
T'O THITY.

Jnist BU3HAUYEHHS TIOKa3HUKIB MILHOCTI Hecy4uoi
KOHCTPYKIIii BaroHa-ruiaThopMu 3 KPYILIMX TPpyO
CKJIaJICHO KOMIT'IOTEpHY MOJeNb. Po3paxyHok
MPOBEIEHO 3 BUKOPUCTAHHIM METOAY CKiHUEHHHX
€JIEMEHTIB Y CEpeNOBHIII IporpaMHoro 3abesrie-
yerns CosmosWorks [4, 18]. Po3paxyHkoBy cxe-
My HeCy4oi KOHCTPYKLii BaroHa-matGopmu 3a

PO3paxyHKOBOro pexumy | (pMBOK) HaBeAE€HO Ha
puc. 4. IIpu upoMy 10 mepegHix ymopiB HpHUKiIa-
JIEHO MO3/I0BXHE HaBaHTaXeHHs y 2,5 MH [1, 2].

YpaxoBaHOo, 1[0 KOXHa CEKIliS BaroHa-
mwiatpopMu 3aBaHTaxkeHa aBoMma 20-QpyToBUMH
KOHTeiiHepamu. BepTukanbHe HaBaHTa)XEHHS BiJl
KOHTEHHepIB OyJI0 NPUKIAJCHO JIO0 TOPU3OHTAIIb-
HUX MOBEPXOHb (DiITUHIOBUX YIOPIB y BUIJISIL 1U-
CTaHUIMHOTO HABAaHTAXEHHS 3 YypaxyBaHHIM
LeHTpa Baru KoHreitnepis [9, 13].

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/203404

96

© O. B. ®owmin, A. O. Jlosceka, 2020


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

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

Hayka Ta nporpec tpancropry. Bicuuk J[HinponeTpoBcbKoro
HaL[lOHAJIIBHOTO YHIBEPCHTETY 3alli3HUYHOro TpaHcnopty, 2020, Ne 2 (86)

PYXOMMI1 CKJIAJL I TATA TIOI3/11B

Puc. 4. Po3paxyHkoBa cxema HeCy4ol KOHCTPYKIIil BaroHa-1iat(hopMu 34JI€HOBAHOTO THITY

Fig. 4. Calculation scheme of the load-bearing structure of the articulated flatcar

Jlnst ckamaHHs CKiHYEHHO-SJIEMEHTHOI MO
Hecy4oi KOHCTPYKIIii BaroHa-miiaTGpopMu BUKOPH-
CTaHO TPOCTOPOBI i30MapaMeTpUYHI TeTpaeapH.
OntumaneHy KiJIBKICTh €JI€MEHTIB CITKH BHU3Haue-
HO 3 BUKOPHCTAaHHSM TI'pad0aHaiTHYHOTO METOAY.
[Ipy mpOMYy KINBKICTh €NEMEHTIB CITKH CKJaja
5406 526, By3zniB — 1538 366. MakcumanbHUR
pO3MIp eJeMeHTa CITKU JOPIBHIOE 15 MM, MiHIMa-
JIBHUH — 3 MM, MaKCHMaJIbHE CIIBBIIHOIIEHHSI 00-
KiB eixeMmeHTiB — 3 078,9; BIICOTOK €JIEMEHTIB 3i
CHIBBITHOIICHHSIM OOKIiB MeHIIEe Tphox — 87,6;
Oinpme gecatd — 0,212, KigpKicTh €JIeMEHTIB
y kouti — 8. CriBBiJHOIIEHHS 301JIBIIEHHS] PO3Mipy
enemenTta — 1,7.

200 MIIa

3aKpimieHHsT MOAENI 3IIHCHEHO B 30HAX CITH-
paHHS HeCcyJoi KOHCTPYKIIii Ha XO/IOBI YaCTHHH.
Pesynprati po3paxyHKy Ha MIIHICTH HeCydoi
KOHCTPYKIii BaroHa-miatopMu HaBEICHO HIDKYE.
MakcuManbHi €KBIBaJICHTHI HANPYKEHHS TMPH
IIbOMY BHHHKAIOTh Y KOHCOJBHUX YaCTHHAX Xpeo-
TOBOI OaJKkM Ta cKjiIazarTh Omau3pko 200 MIla,
TOOTO HE MEePEeBHUILYIOTh aomyctuMi (puc. 5) [1, 2].
MakcuManbHi TIEpEMIIIEHHS y BY3Jax KOHC-
TpyKii 3a)iKCOBaHO B CEPENIHIX YaCTUHAX CEKIIiid,
BOHH CKIaJaloTh 3,8 MM (puc. 6), MakcUMalbHi

nedopmarlii ckagarTe 2,3- 1072,

187 MIIa

167 MIIa

Puc. 5. HanpysxeHnii CTaH CEKIIii 3WIEeHOBAaHOTO BaroHa-iaTdGopMu

Fig. 5. The stress state of the articulated flatcar’s section
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Puc. 6. [lepeMineHHs y By3JiaX CEKIil 3WJICHOBAHOTO BaroHa-miatGopMu

Fig. 6. Displacements in the section nodes of the articulated flatcar

HaykoBa HOBH3Ha Ta MPaKTHYHA
3HAYUMICTD

Po3po06iieHo KOMIT'YOTEpHY MOJECIb JJis BU3HA-
YeHHSI MIIHOCTI HECY4YOoi KOHCTPYKIII BaroHa-
m1aTGopMu 3WIEHOBAHOTO THITY 3 KPYTIHX TPYO.
Mogzens 103BOJIsIE BU3HAYUTH [TOKa3HUKH MIiITHOCTI
Hecy4ol KOHCTPYKUil BaroHa-miaTopMu 3a Io3-
JOBXKHBOI HABaHTAXKEHOCTI KOHCTPYKINI (po3Tsr-
HEHHS — PUBOK).

Pesynbratu mpoBeeHUX OCIIIPKEHb MOXYTh
OyTH KOPHCHHMH Wil 4Yac CTBOPEHHS Cy4YacHUX
KOHCTPYKI[iH BaroHiB-miaT¢opM 34ICEHOBAHOTO
THUITY.

BucHoBxku

[1ix yac mpoBeaeHHS LILOTO TOCIIHKEHHS:

1. CtBOpeHO Mozenb Hecy4oi KOHCTPYKLil Ba-
TOHA-TUIATGOPMH 3YWICHOBAHOTO THUIY 3 KPYIJIUX
TpyO. Jl1s1 MOKIIMBOCTI TIepeBe3eHHS KOHTEHHEPiB
Ha BaroHi-matdopMi mnependadyeHo IMOCTAHOBKY
¢GITHHrOBUX yIOpiB. Y cepefHiii YacTHHI pamu
PO3MIIIIEHO BiIKUIHI (DITUHTOBI YIOPH, IO JT03BO-
Jisi€e 3MIACHIOBATH TIEPEBE3CHHS KOHTEWHEPIB pi3-
HOTO THIIOPO3MIpY.

2. CkiaJieHO MaTeMaTHYHY MOJIE/b TMHAMIYHOT
HABaHTAXXEHOCTI HECy40oi KOHCTPYKLii Barosa-
1aThOpMH 3 KPYTiux TpyO 3a OCHOBHUX EKCILIY-
aTamiiHux pexxumis. Ilig yac ckinagaHHsS MaTeMa-
TUYHOI MOJIeNIi BpPaXxOBaHO, 1[0 KOXKHA CEKIlis Ba-
rOHa-TIaTGOPMH Ma€ BIACHY CTYIiHb BiIBHOCTI,
OCKUTBKM KOHCTPYKIIHHI OCOOIMBOCTI MPUCTPOIO
34JICHYBaHHS JTO3BOJISIOTH 3IACHIOBATH iX Iepe-

MIIIEHHS Y TIPOCTOPI.

Pesymprati nmocmimpkeHb TO3BONMIHN 3pOOWUTH
BHCHOBOK, IIO MPHUCKOPEHHS, AKi MPUIMAAalOTh Ha
Hecy4y KOHCTPYKIIiIO Tepinoi 3 00Ky Hii CHIIN cek-
mii  BaroHa-rutatopMu, CKIamaroTh 38,2 M/c?
a npyroi — 6imm3bpKo 37,5 m/c?.

3. CTBOpEHO KOMIT IOTEPHY MOJENb Ul BU3HA-
YeHHsI MIIHOCTI HeCy4oi KOHCTPYKIi BaroHa-
m1aTGOpPMH 3WIEHOBAHOTO THITY 3 KPYTIHX TpYO.
[Ipu upoMy po3paxyHOK MPOBEIEHO 3a PO3PaxyH-
KoBoro pexxumy | (puBOK), TOOTO 1O MepeaHiX
YIOpIB TPHUKIAJECHO TO3I0BKHE HABAHTAKECHHS
VYpaxoBaHo, 10 BaroH-uiatpopma 3aBaHTAKCHUH
yotupma KoHTeiHepamu tunoposmipy 1CC. Bep-
THKaJbHE HABAaHTAXEHHS BiJ] KOHTEWHEPIB NPHK-
JaJeHO JI0 TOPU30HTAIBLHUX TOBEPXOHB (DITHHIO-
BUX YNOPIB Yy BUTJSAI JTUCTAHIIHHOTO HaBaHTa-
JKCHHSI.

4. Bu3HAYeHO MOKAa3HUKH MIIIHOCTI HECy4oi
KOHCTPYKIIii BaroHa-miatrGopMu 34JICHOBAHOTO
TUIY 3 Kpyriux TpyO. Po3paxyHok mpoBemeHO 3a
METOJIOM CKIHYEHHHX EJIEMEHTIB. YCTaHOBIICHO,
0 MaKCHMAaJbHI €KBIBAJICHTHI HAINPYXEHHS BH-
HUKAIOTh Y KOHCOJIBHUX YacTHHaX XpeOToBoi Oail-
KM Ta HE NEePEBUIIYIOTh JOIMycTUMi. MakcuMaibHi
MIepeMIIleHHs y By3JIax KOHCTPYKIi 3adikcoBaHO
B CEPEIHIX YaCTHHAX CEKIIiH.

[IpoBeneH1 IOCTIPKEHHST CIPUATUMYTh ITiJ{BU-
LICHHIO e(EeKTHBHOCTI eKcIlTyaraulii KOMOiHOBa-
HUX TepeBe3eHb Ta CTBOPCHHIO PEeKOMEH/IaIliii 1o~
JI0 TIPOEKTYBAHHS CyYacHUX KOHCTPYKIIiH BaroHiB-
1aT¢OpM 34WIEHOBAHOTO THITY.
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OIIPEJIEJIEHUE ITPOYHOCTHU HECYIIEW KOHCTPYKIIUA
BATOHA-IIVIAT®OPMbI COYWIEHEHHOTI'O TUITIA U3 KPYTJIBIX
TPYDb

Heab. /lanHoe HccnenoBaHue HAMPaBJICHO Ha OINpeAeNieHHE MoKa3aTelei MPOYHOCTH HECYyIed KOHCTPYKIHMH
BaroHa-11aT(OpMbl COWICHEHHOTO THIA U3 KPYTIbIX TpyO. Meroauka. Co3aHa KOMITBIOTEpHAS MOJIENb HecyIei
KOHCTPYKIIUM BaroHa-miaTOpMBl COWICHEHHOTO THMA W3 KPYIIBIX TpyO. i WccienoBaHUsS AMHAMHYECKOU
HaArpy>XCHHOCTHU HECYIIeW KOHCTPYKIIMH BaroHa-IuIaT(GOPMBI IPOBEACHO MaTeMaTHYeCKOe MoIeInpoBanue. Pacyer
MPOBE/ICH B IUIOCKOH CHCTeMe KoopAWHAT. Bo BHMMaHWe TPUHATH KOJNCOAHWS IMONCPTHUBAHUSA, TaJIONHAPOBAHUS
U moamnperuBaHus. Permenne nuddepeHnnanbHeIX ypaBHEHUH ABIKCHHUS OCYIIECTBICHO B MMPOrpPaMMHOM obecre-
yeann MathCad. Pe3ynabTarhl. YCTaHOBICHO, YTO YCKOPEHHS, KOTOPHIE MPUXOIATCS HAa HECYIIYI0 KOHCTPYKIIHIO
MEPBOIl CEKIIMU BaroHa-miaT(opMbl, cocTaBisitoT 38,2 M/c?, a BTopoii — okojio 37,5 m/c?. [lonydeHHbIC BEINYHHBI
YCKOPEHUH YUYTCHBI TIPU OIPEICIICHIH MOKa3aTeIei MPOYHOCTH HECYIIeH KOHCTPYKIMH BaroHa-IuiaThopMbl couie-
HEHHOTo THIa. Pacyer mpoBeneH Mo METOIy KOHEUYHBIX AJIEMEHTOB B mporpaMMmuoM obecrneyenun CosmosWorks.
VYureHo, 4TO Kakaas CEKIMs BaroHa-miaT(opMbl 3arpyxeHa aByms 20-QpyTOBBIMH KOHTCiHEpaMu. Pe3ynbTars
MIPOBEJIEHHBIX PAaCcYeTOB MO3BOJIMIIM CJENATh BBIBOJI, YTO MAKCUMAaJbHBIE SKBHUBAJICHTHBIE HANPSKEHHUSI BOSHUKAIOT
B KOHCOJIBHBIX YaCTSAX XpeOTOBOH Oanmku u coctaBistoT okoiio 200 MIla, To ecTh He HPEBHIIAIOT OITyCKaeMEIE.
MaxkcuManpHbIe TIepeMeIIeHIsI B y31aX KOHCTPYKIMU 3a(UKCHPOBAHBI B CPETHHUX YACTSIX CEKIHUH W COCTABISIIOT
3,8 MM, MakCUMaJIbHBIE Ae(popManmu cocTapisroT 2,3-107° . Hayunast HoBu3HA. Pa3zpaGoTana KOMIBIOTEpPHAS MO-
JIeNTb ISl OTIPENeNIeHUs] IPOYHOCTH HecyIleld KOHCTPYKIIMH BaroHA-TUIATQOPMEI COWICHEHHOTO THIIA M3 KPYTIIBIX
Tpy0. MoJenb Mo3BONSET ONMPENCIUTh MMOKa3aTeIH MPOYHOCTH HECYIIeH KOHCTPYKIMHM BaroHA-IUIAT(GOPMBI IpH
MIPOAOJIEHOW HATPY>KEHHOCTH KOHCTpYKnuu. IIpakTudeckasi 3HAYMMOCTb. [IpoBeNeHHBIC HCCIeOBaHUS OyOyT
CIOoCOOCTBOBAThH MOBBIMICHUIO (PPEKTUBHOCTH KCILIyaTallid KOMOWHHPOBAHHBIX MEPEBO30K M CO3/JaHHIO PEKO-
MEHJIAIHH 110 MPOESKTUPOBAHUIO COBPEMEHHBIX KOHCTPYKIUI BaroHOB-TIAT(GOPM COUJICHEHHOTO THIIA.

Kniouesvie cnosa: Baron-matdopma; COUJICHEHHBIH BaroH; HECyIlas KOHCTPYKIIUS; JUHAMHYECKAsE HAIPYIKEeH-
HOCTb; POYHOCTh; KOHTEHHEPHBIE IEPEBO3KU
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STRENGTH DETERMINATION OF LOAD-BEARING STRUCTURE
OF ARTICULATED FLATCAR OF ROUND PIPES

Purpose. This study aims to determine the strength of the load-bearing structure of the articulated flatcar of
round pipes. Methodology. A computer model of the load-bearing structure of an articulated flatcar of round pipes
has been created. To study the dynamic loading of the load-bearing structure of the flatcar, mathematical modeling
was performed. The calculation is made in a flat coordinates. The oscillations of twitching, pitching and bouncing
are taken into account. The motion differential equations are solved in MathCad software. Findings. It was estab-
lished that the accelerations that fall upon the load-bearing structure of the first section of the flatcar are 38.2 m/s?,
and the second — about 37.5 m/s?>. The obtained acceleration values are taken into account when determining the
strength indicators of the flatcar load-bearing structure. The calculation is done using the finite element method in

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/203404 © O. B. ®owmin, A. O. Jlocbka, 2020

100


http://creativecommons.org/licenses/by/4.0/
mailto:fomin1985@ukr.net
mailto:alyonalovskaya.vagons@gmail.com
mailto:fomin1985@ukr.net

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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HinponeTpoBcbKoro
HaL[lOHAJIIBHOTO YHIBEPCHTETY 3alli3HUYHOro TpaHcnopty, 2020, Ne 2 (86)

PYXOMMI1 CKJIAJL I TATA TIOI3/11B

CosmosWorks software. It is taken into account that each section of the flatcar is loaded by two 20-foot containers.
The results of the calculations made it possible to conclude that the maximum equivalent stresses occur in the canti-
lever parts of center sill and are about 200 MPa, i.e., they do not exceed the allowable ones. The maximal displace-
ments in the structural node are fixed in the middle parts of the sections and are 3.8 mm, the maximum deformations
are 2,3-10. Originality. A computer model has been developed to determine the strength of the load-bearing struc-
ture of articulated flatcar made of round pipes. The model allows determining the strength indicators of the flatcar
load-bearing structure with longitudinal loading of the structure. Practical value. The conducted research will in-
crease operation efficiency of combined transportations and create recommendations on modern designing of articu-
lated flatcars.
Keywords: flatcar; articulated car; load-bearing structure; dynamic load; strength; container transportation

REFERENCES

1. Vagony gruzovye. Trebovaniya k prochnosti i dinamicheskim kachestvam, 54 GOST 33211-2014 (2016). (in
Russian)

2. Vagoni vantazhni. Zagalni vimogi do rozrahunkiv ta proektuvannya novih i modernizovanih vagoniv koliyi
1520 mm (nasamohidnih), 250 DSTU 7598:2014 (2015). (in Ukrainian)

3. Lovska, A. O. (2017). Improvement of the supporting structure of platform car for higher efficiency of container
transportations. Science and Transport Progress, 1(67), 168-183.

DOI: https://doi.org/10.18664/1994-7852.164.2016.92508 (in Ukrainian)

4. Bofang, Z. (2018). The finite element metod: Fundamentals and Applications in Civil, Hydraulic, Mechanical
and Aeronautical engeneering. China: China Institute of water resources and gidropower research.
DOI: https://doi.org/10.1002/9781119107323 (in English)

5. Fomin, O., Lovska, A., Kulbovskyi, 1., Holub, H., Kozarchuk, 1., & Kharuta, V. (2019). Determining the
dynamic loading on a semi-wagon when fixing it with a viscous coupling to a ferry deck. Eastern-
European Journal of Enterprise Technologies, 2(7(98)), 6-12.

DOI: https://doi.org/10.15587/1729-4061.2019.160456 (in English)

6. Fomin, O., Lovska, A., Masliyev, V., Tsymbaliuk, A., & Burlutski, O. (2019). Determining strength indicators
for the bearing structure of a covered wagon's body made from round pipes when transported by a railroad
ferry. Eastern-European Journal of Enterprise Technologies, 1(7(97)), 33-40.

DOI: https://doi.org/10.15587/1729-4061.2019.154282 (in English)

7. Ishchenko, V. M., Fedosov-Nikonov, D. V. (2017). Long Wheelbase Flat Wagons: Structural Strength.
Metallurgical and Mining Industry, 8, 26-31. (in English)

8. Kondratiev, A. V., Gaidachuk, V. E., & Kharchenko, M. E. (2019). Relationships Between the Ultimate
Strengths of Polymer Composites in Static Bending, Compression, and Tension. Mechanics of Composite
Materials, 55(2), 259-266. DOL: https://doi.org/10.1007/s11029-019-09808-x (in English)

9. Kurowski, P. (2019). Engineering Analysis with SOLIDWORKS Simulation 2019. SDC Publications.

DOI: https://doi.org/10.4271/9781630572372 (in English)

10.Lee, W. G., Kim, J.-S., Sun, S.-J., & Lim, J.-Y. (2016). The next generation material for lightweight railway car
body structures: Magnesium alloys. Proceedings of the Institution of Mechanical Engineers, Part F:
Journal of Rail and Rapid Transit, 232(1), 25-42. DOLI: https://doi.org/10.1177/0954409716646140 (in
English)

11.Lovska, A. (2018). Simulation of Loads on the Carrying Structure of an Articulated Flat Car in Combined
Transportation. International Journal of Engineering & Technology, 7(4.3), 140-146.

DOI: https://doi.org/10.14419/ijet.v7i4.3.19724 (in English)

12. Ptaczek, M., Wrobel, A., & Buchacz, A. (2016). A concept of technology for freight wagons modernization. /OP
Conference Series: Materials Science and Engineering, 161, 1-12.

DOI: https://doi.org/10.1088/1757-899X/161/1/012107 (in English)

13.Reyes, A. (2017). Beginners guide to SolidWorks 2018. SDC Publications. (in English)

14. Shatunov, O. V., & Shvets, A. O. (2019). Study of dynamic indicators of flat wagon with load centre shift.
Science and Transport Progress, 2(80), 127-143. DOI: https://doi.org/10.15802/stp2019/165160
(in English)

15. Stastniak, P., Kur¢ik, P., & Pavlik, A. (2018). Design of a new railway wagon for intermodal transport with the
adaptable loading platform. MATEC Web of Conferences, 235, 1-5.

DOI: https://doi.org/10.1051/matecconf/201823500030 (in English)

Creative Commons Attribution 4.0 International
doi: https://doi.org/10.15802/stp2020/203404 © 0. B. ®owmin, A. O. Jlocbka, 2020

101


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

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

Hayxka Ta nporpec Tpancnopty. BicHuk J{HinponeTpoBcbKoro
HaL[iOHAJIIBHOTO YHIBEPCHTETY 3alli3HUYHOro TpaHcnopty, 2020, Ne 2 (86)

PYXOMMI CKJIAJL I TATA TTOI3/11B

16. Vatulia, G., Falendysh, A., Orel, Y., & Pavliuchenkov, M. (2017). Structural Improvements in a Tank Wagon
with Modern Software Packages. Procedia Engineering, 187, 301-307.
DOI: https://doi.org/10.1016/j.proeng.2017.04.379 (in English)

17. WBN Waggonbau Niesky GmbH. (2016). Developing a flexible platform of freight wagons. Niesky: WBN
Waggonbau Niesky GmbH. (in English)

18. Weber, M., & Verma, G. (2015). SolidWorks Simulation 2015. Black Book. Cadcamcae Works.

19. Wiestaw, K., Tadeusz, N., & Michal, S. (2016). Innovative Project of Prototype Railway Wagon and Intermodal
Transport System. Transportation Research Procedia, 14, 615-624.
DOI: https://doi.org/10.1016/j.trpro.2016.05.307 (in English)

20.Zhai, W., Han, Z., Chen, Z., Ling, L., & Zhu, S. (2019). Train—track-bridge dynamic interaction: a state-of-the-
art review. Vehicle System Dynamics, 57(7), 984-1027.
DOI: https://doi.org/10.1080/00423114.2019.1605085 (in English)

Hanitinra mo peaxoserii: 03.01.2020
[Ipuitasara go apyky: 30.04.2020

Creative Commons Attribution 4.0 International

doi: https://doi.org/10.15802/stp2020/203404 © O. B. ®owmin, A. O. Jloscska, 2020

102


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

