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YKpaiHChKUH ACpyKaBHUH YHIBEPCUTET 3TI3HUIHOTO TPAHCIIOPTY

JOCNIZKEHHA TEMIIEPATYPHOI'O BIIVIMBY HA MIIHICTb
HECYYO0I KOHCTPYKUII KPUTOI'O BATOHA

B mamepianax cmammi npogedeno U3HAYCHHS MEMNepamypHo20 GNAUSY HA MIYHICMb Hecy4oi KOH-
cmpykyii yHigepcanvnoz2o Kpumoeo acona modeni 11-217. Ilpu yvomy 00cniodiceHus npoeeodeHi Uasxom
KOMN 10MepHo20 MOOENIO8ANHS 3 BUKOPUCHAHHAM MEmOoOY CKIHUEHUX enemMenmis, AKUll peanizoeano 6 npo-
epammomy komnaekci SolidWorks Simulation.

IIpu cmeopenni npocmoposoi mMooeni Hecy4oi KOHCMPYKYII KPUmozo 8a20HA 8PAX08AHO eleMeHmuU, SKi
AHCOPCMKO 83AEMOOTIOMb MIdC COD0I0, MOOMO 8 MOOeN He BPAX0BAHO CAMOYWINTbHEHI 08epi.

Kornmunyanvua moodens Hecyuoi KoHCmpyKyii Kpumozo éazona ymeopena mempaeopamu. [Ipu nposedenni
PO3DAXYHKIE 00 Y8dacu NPULHAMO 08I CXeMu MepMIiUHO20 HABAHMANCEHHS HeCYuoi KOHCMPYKYIl Kpumoeo
6A20HA: MEMNEPAMyPHULL BNIUE HA GHYMPIUHIO NOGEPXHIO, WO MAE MICYe Npu nepese3eHHi gucokomemnepa-
MYPHUX BAHMAIICIE; 306HIWNIL MeMnepamypuuti 6naUe Ha OOKOBI CMIHU KPUMO20 8A20HA, W0 MOdHCe Mamu
Micye npu po3mMOpPO*CYEAHHI 6AHMANCIE.

Pesynsmamu nposedenux po3paxyHxie nokasanu, Wo MiyHicme Hecy4oi KOHCMPYKYIi KpUmozo 6azona npu nep-
witl 0ocriodcysamiil cxemi Haganmaicenns 3aoe3nevyemocs npu Oii memnepamypu y 118°C. Ipu yvomy maxcu-
ManbHi eKgiaIeHMHI HANPYHCeH sl 3aPIKCOBAHT Y BEPMUKATbHUX cmitikax i dopiguioroms 344,8 MIla. ¥V swocmi
OONYCIMUMUX HANPYIHCEHb BPAXOBAHO Medicy nauHHocmi mamepiany, sxa 0as cmani 0912C dopienioe 345 Mlla

Ipu Opyeiil cxemi HABAHMAICEHHS HECYHOT KOHCMPYKYTT KPUMO20 8420HA MAKCUMAIbHI eKBIBATICHINHI HANDY-
JHCEHHST OOMPUMYIOMBCS 8 MEHCAX OONYCIMUMUX NPU 308HIWIHbOMY memnepamypromy enaugi y 136,2°C. YucenvHi
3HAUEHHSA MAKCUMATIbHUX eKBI8AIEHIMHUX HANPYHCeHb npu ybomy ckradaroms 344,9 MI1a ma eunukaioms y 20ppax.

IIposedeni 00CHiONCEHHS CNPUSIMUMYMb HIOBUWEHHIO eheKMUEHOCMI BUKOPUCTAHHS 3ANI3HUYHO20 MPAH-
CROPMY WATISIXOM MOMCIUBOCINE 3ATIYHEHHS KPUMUX 8020HI6 00 nepese3ets OLibld WUPOKOi HOMEHKIAmMYpU 6aHma-
2C16, @ MAKOJIC CMBOPEHHIO HANPAYIOBAHb WOO0 NPOEKMYEAHHS MYTbMUDYHKYIOHATLHUX KOHCIMPYKYIT 6A20HIE.

Kniouoei cnosa: mpancnopmna mexauixa, Kpumuii a20H, Hecy4a KOHCMPYKYIs, MePMiYHULl AHali3, HAnpy-

JHCeHULL CMan.

HocranoBka mnpo6ievu. [limBuineHHs epeKTHB-
HOCTI BHWKOPHCTaHHS Ta KOHKYPEHTOCIPOMOXHOCTI
3aJII3HIYHOTO TPAHCTIOPTY BUKJIMKAE HEOOXiAHICTh 3a0€3-
TICYCHHS MOro 0araro()yHKIIOHATIEHOCTI Ta MOMITHBOCTI
BUKOPUCTAHHS ITi]1 TEPEBE3CHHSI IIMPOKOi HOMEHKIIATY P!
BaHTa)KiB, B TOMY YHCJIi 1 BACOKOTEMITEPATYPHHX.

OpmHnM 3 HaWOUTBII BUKOPHCTOBYBAHUX BAaroHIB,
SIKHH 3aCTOCOBYETHCS U TIEPEBE3CHb BUCOKOTEM-
MepaTypHUX BaHTaXiB, a caMe€ OKATHILIIB Ta raps-
4oro arsoMepary 3 temieparyporo He Buiie 700°C
€ BaroH-xomep. BaxkJMBO cKka3aTu, IO B eKCILTya-
Talil MOXEe MaTu Miclue HEOOXiAHICTh IMEepeBe3CHb
3aUTI3HUIICI0 BAHTAXIB 1 3 MEHIIOI TEMIIEPaTyporo.
VY 3B’43KY 3 TUM, 1[0 TIONTOBHEHHS BarOHHOTO MApKy
YKp3ani3HUIl B DIACHUHA 9ac € MOCHUTh HE3HAYHHM,
a KUTBKICTh BaroHiB-XONepiB B eKCILTyarallii € oome-
KEHOI0, IOLIIBHUM € PO3MIAN MOXIHBOCTI TpaH-
CHOPTYBaHHS TaKWMX BaHTaXIB B IHIIMX BaroHax,
HaNpHUKIA] KPUTUX. Y 3B 53Ky 3 UM s 3a0e3re-
YEeHHS CTaJ0ro PO3BUTKY €KOHOMIKHM KpalHH Ta TpaH-
CHOPTHOI ranxy3i BUHUKAE HEOOXiHICTh MPOBEACHHS
JOCTIKEeHb B 3a3HaYEHOMY HAIPSIMKY.
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AHaJi3 OCTAHHIX JOCTIKeHb Ta MmyOsaikamiii.
3 MeTOI0 NOMIMIIeHHS €(eKTUBHOCTI BUKOPUCTAHHS
yHIBepCaIbHUX BaroHiB B poOoTi [1] 3ampomnonoBano
3nificHeHHsT ix wmopepHizamii. IIpoBemeHo oOrpyn-
TYBaHHS 3aXOJiB IOJ0 MoJepHi3amii BaroHiB. [Ipu
LIbOMY BUKOPHCTAaHO METOJH KOMII FOTEPHOIO MOJe-
JIOBaHHS Ta MPOBEICHO HATYpHHH CKCIICPUMCHT.
OpHak 3amporoHOBaHa MoOJEpHi3alis He CIpuse
MOXKJIMBOCTI II€PEBE3CHb BAHTAXKIB 3 ITiJIBHIIECHOIO
TEMIIEPaTypoIo.

BusHaueHHS MOXIHBHUX MUISXIB TOKpPAIISHHS
TEXHIKO-€KOHOMIYHHUX  TOKa3HHUKIB  3aJi3HUYHHX
BaroHiB BHUCBITIIOEThCS y MyOmikattii [2]. Peamizamis
MTOCTABIIEHO] 3a/1adi JOCATAETHCA 32 PaXyHOK ITiJBU-
LICHHS. OChOBOTO HABAHTAXKEHHs BaroHa. HameneHo
OOTrpyHTYBaHHS JAaHOTO pilieHHs. B skocTi mporo-
Uy 00paHo BaHTaxkHuit BaroH BCNHL.

B po6orti [3] AOCHIIKEHO MEePCHEKTUBH 3aCTO-
CYBaHHs IHHOBAI[IHHMX MaTepiaiiB JUisi 3MEHIICHHS
Tapu BaroHiB. OOTPYHTOBAHO BUKOPHUCTAHHS B SKOCTI
Marepiany HECYyYHX KOHCTPYKIIIi BaroHiB MarHi€BHUX
crutaBiB. HaBeseHi pe3ynsraTti po3paxyHKiB AOILTb-
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HOCTI 3aCTOCYBaHHS JAHOTO Marepiany B METaJOKOH-
CTPYKIIiAX Ky30BiB. BakiiuBO cka3ary, 1110 MPH [IbOMY
He MPHIUICHO YBaru BU3HAYEHHIO TEMIEpPaTypHOTO
BIUIMBY Ha HECYYi KOHCTPYKI[il BaroHiB.

B poGorti [4] HaBeneHO pe3yibTaTH OOIPYHTY-
BaHHA TOKPAI[eHHS TEXHIKO-€KOHOMIUHHMX ITOKa3-
HHMKIB BaHTQ)XHUX BaroHiB IUIAXOM BIPOBAa/UKCHHS
BHCOKOMIITHUX CTallell B X Hecy4l KOHCTPYKIIii.
IIpoBeneHO eKcHepUMEHTaIbHE YTOYHEHHS YMOB
MIITHOCTI 3BapHUX 3’ €JHAHb BaroHIiB i3 BHCOKOMIII-
HUX MaTepianiB. Po3pobneni crocobu migBUILIEHHS
BUTPUBAJIOCTI 3BapHUX 3’€HaHb. OHaK B poOOTi He
POBOAWIOCH BU3HAUCHHS TEMIICPATYPHOIO BIIJIBY
Ha MIIHICTh HECYYNX KOHCTPYKIIili BaroHiB 3 3ampo-
[IOHOBAHOI'O Marepiaiy.

B poGoti [5] aBropamm TpPOBOIUTHCS BU3HA-
YeHHsI HAaBaHTKEHOCTI HECYY0i KOHCTPYKIIil BaroHa-
XoIepa Juis NepeBe3eHb OKaTUIIiB Ta Iapsyoro ario-
Mepary 3 OOIIMBKOIO i3 KOMIIO3UTHOTO Marepialiy.
Pe3ynbraT po3paxyHkiB BaroHa JOBEIH AOIILHICTh
JIAHOTO BIpoBaKeHHA. OOHAK MaHe PIlICHHS peai-
30BaHE CTOCOBHO BaroHa-xomepa. KpiMm Toro, aBro-
paMu He JOCIIKYBaJIOCh 30BHIITHBOTO BITMBY TEM-
neparypy Ha MIIHICTb HECYYOl KOHCTPYKIIii BaroHa.

3axomy MIONO ananTamii Hecydoi KOHCTPYKINT
HalliBBaroHa J0 MEPEeBE3eHb BHCOKOTEMIIEPaTypHHUX
BaHTaXiB 0OIpyHTOBaHO Yy po0OoTi [6]. ABTOpamu
3aIlPONIOHOBAHO BCTAHOBJICHHS y Ky30B HaIliBBaroHa
KOHTEHHEPIB 3 KOMIIO3UTHOIO OOIIMBKOIO B SIKHX
MOXHa PO3MIillyBaTH BHCOKOTEMIICpaTypHUH BaH-
Tax. Pe3ynpraTti po3paxyHKiB Ha MIIHICTb, a TAKOXK
JUHAMIYHY HABaHTAXXCHICTh IMIATBEPIWIH JOLITb-
HICTh TaKOTO PillICHHSI.

B po6ori [7] aBTOpaMu 3anpornoHOBaHO KOHCTPYK-
it0 0araTo(QyHKI[IOHAJIFHOTO BaroHy s TIepe-
BE3CHb LIMPOKOI HOMEHKJIATYPH BAHTAXIB, B TOMY
YyuCci BUCOKOTEMIIepaTypHuX. HaBeneHO pe3ynb-
TaTH PO3paxyHKiB HeCyuoi KOHCTPYKIlii BaroHa Ha
MIITHICTh TP OCHOBHHX CGKCIUTyaTaliiHUX cXeMax
HaBaHTaXeHb. Pa3zoM 3 muM B gaHuX poOorax He
JOCIIJKYBAJIOCS] 30BHIIIHBOTO BIUIMBY TeMIIepa-
TYPHOTO HABAHTA)KCHHS HA Ky30Ba BaroHiB, IO Ma€
Miclle, HallpUKJIa, TIPH PO3MOPOKYBaHHI BaHTaXIB
y TeIUIsKax.

IIpoBeneHwmii aHai3 JIiTEPaTypHUX KEPEIT 103BO-
7€ 3pOOUTH BHCHOBOK, IO JOIIIBHUM € JOCIi-
[DKEHHsI TEeMIIEPaTyPHOIO BIUIMBY Ha HECYdy KOH-
CTPYKILIO KPUTOTO BaroHa.

Meta Ta OCHOBHi 3aBJaHHsI cTarTi. MeTorO
CTaTTi € JOCTIMKEHHS TeMIepaTypHoi HaBaHTa-
JKCHOCTI KPHTOTO BaroHa TIIpH CKCIUTyaTaliiHuX
pexxumax. lle m03BONIMTE MIABHIIUTH €(PEKTUBHICTH
BUKOPHUCTaHHA KPUTHX BaroHiB Ta (YHKLiOHYBaHHS

TpaHCIOPTHOI ramy3i B migomy. s mocsarHeHHs
3a3HaYCHOI METH BU3HAYCHI TaKi 3aBJaHHS:

— BU3HAYMTH BIUIHB TEMITEPATyPH MEPEBO3UMOTO BaH-
TaXKy Ha MILIHICTh HECY4Y0i KOHCTPYKLII{ KPUTOrO BaroHa;

— IOCIIIUTU MIIHICTh HECYy4Oi KOHCTPYKIIiT KpH-
TOTO BaroHa MpPHA PO3MOPOKYBaHHI BaHTaXy, pO3Mi-
IIEHOMY y HbOMY.

BuxknaaeHHsi 0CHOBHOro Martepiany crarti. [
BU3HAUEHHS BIUIMBY TeMIlEpaTypH IIepeBO3UMOTO
BaHTAXY HA MIIHICTh HECYUOi KOHCTPYKIII KPUTOTO
BaroHa y SKOCTi MPOTOTHUITYy OOpPaHO KPHUTHUH BaroH
monmem 11-217 (puc. 1 [8]).

Puc. 1. Kpuruii Baron mopesi 11-217

OCHOBHY TE€XHIUHY XapaKTEpUCTHKY BaroHa HaBe-
ieHo B Tabmaun 1.

Tabmums 1
OCHOBHA TeXHiYHA XaPAKTEPUCTHKA KPUTOIO
Barona moaeii 11-217

Ha3Ba napamerpy 3HayeHHs
BanTtaxxomiiiOMHICTb, T 68
Tapa, T 24,7
1IBuaKiCTH KOHCTPYKIiIHA, KM/TOJ. 120
labaput 1-BM (0-T)
OcbOBe CTaTUYHE HABAHTAKEHHS, 231,8
kH/Bicb
baza Barona, Mmm 10000
JloBkrHa 3a OCSIMU 3UCTIIICHHS 14730
ABTO3YETTIB, MM
JloBxWHA 3a KIHIIEBUMHU OaIKaMu 13870
pamu, MM
MakcumasbHa BUCOTA BiJ] pIBHS Bepxa 4668
TOJIOBKH PEHKH, MM
KinpkicTh oceid, ImT. 4
Mozens IBOXBICHOTO Bi3Ka 18-100
HasiBHICTb CTOSIHKOBOTO rajibMa €
MoJKIIUBICTD BCTaHOBJIEHHS Oy(epiB HEMae

Jli1a BU3HAYCHHS JOITyCTUMOT TeMITepaTypH mepe-
BO3UMOTO BaHTaXy Y BaroHi MPOBEJCHO HOTO TepMil-
HUM po3paxyHOK. [Ipu 11bOMy BHKOPHCTAHO METOJ
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CKIHUCHUX CJICMCHTIB, SKHH peali3oBaHO B IpoO-
rpamMHoMy komruiekci SolidWorks Simulation. Ipu
CTBOPEHHI MPOCTOPOBOI MOJIeNi HECYHI0i KOHCTPYKIIii
KPUTOTO BaroHa BPaxOBaHO €JIEMCHTH, SIKI XKOPCTKO
B3aEMOJIIFOTH Mi’K 00010, TOOTO B MOJICIIi HE Bpaxo-
BaHO CaMOYIIUILHEHI JIBEPI.

KoHTrHyanbHa MOJIEIb HECY40l KOHCTPYKIIIT KpH-
TOTO BaroHa yTBOpEHa TeTpaelpaMu. Mopens Hali-
uye 230752 By3na Ta 656194 enementn. [1pu npomy
MaKCUMaJIbHUH po3Mip enemeHTy ckianae 100 mm,
a MiHiMansHU# — 20 MM.

IIpn cxmagaHHi pPO3paxyHKOBOI CXeMH HeCy4oi
KOHCTPYKLIi KPUTOTO BaroHa TEMIIEPaTypHE HaBaHTA-
KeHHsI P MPUKIIagaiocs 10 Horo BHYTPILIHIX MTOBEP-
XOHb (puc. 2). Takox po3paxyHKOBa CXeMa BPAXOBYE
BEPTHKAJIBLHE CTATUYHE HABAHTAXKCHHS Py, 3yMOBIICHE
Barolo BAHTAKY PO3MIIICHOTO Y KY30Bi 3 BUKOPHCTaH-
HSM HOro moBHOI BaHTaxxomiziomuocti. [lo ymopis
aBTO3YEITy MPUKJIAAAIOCs MOB3IOBKHE HABAHTAXKCHHS
P,y 1,0 MH st imiTanii pyxy Barona y ckJiaji rmoizaa
(puc. 3). Y sKocTi Marepiany KOHCTPYKIIii BHKOpPHC-
taHo ctanb Mapku 091 2C 3 JiHIHHEMH 130TPOITHUMU
BJIACTUBOCTAMH. 3aKPITUICHHS MOJICII 3MiHCHIOBAIOCS
B 30Hax 1i 0OMMpaHHs Ha XOIOBI YaCTHHU.
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Puc. 2. Cxema nNpuKjIaJieHHS TeMIIEPATYPHOTO
HABaHTA’KeHHS 10 Hecy4oi KOHCTPYKIil KPUTOro
BaroHa

Pesynbprati po3paxyHKiB MMOKa3ajw, MO MIIHICTh
Hecy4oi KOHCTPYKLii KpUTOro BaroHa 3abe3neuy-
erbest ipu Ail Temriepatypu y 118°C (puc. 4). Ilpu
bOMY MaKCHMaJlbHI €KBIiBaJICHTHI HalpyXeHHS
3ahiKCOBaHI Y BEPTUKAIBHUX CTIMKaX i JOPIBHIOIOTH
344,8 MIla (puc. 4). Y sSKOCTi ZOMyCTUMHUX Harpy-
KEHb BpPaxOBaHO MEXY IUTMHHOCTI Marepiaiy, fka
s cram 0912C nopiBaroe 345 Mlla [9].

Takox B paMKax IOCIiKEHHS IPOBEICHO BU3HA-
YeHHS MOXKJIMBOCTI PO3IrpiBy BaHTaxy, poO3Millie-
HOTO y KPUTOMY BarOHi B KOHBEKTHBHOMY rapaxi.
[Ipu cknamaHHi PO3paxyHKOBOI CXEMH BpaxOBaHO,
0 Ha HECyJYy KOHCTPYKIIII0O KPHTOTO BaroHa i€
BEPTUKAJIbHE CTaTUYHE HaBaHTaKCHHA. Temmepa-
TypHE HaBaHTAKCHHSI MPH LOMY MPHUKIAAATIOCA 10
30BHIITHIX TOBEPXOHb OOKOBUX CTiH (pHC. 7).
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Puc. 3. Cxema aii cuJ Ha Hecyyy KOHCTPYKUIiIO
KPHUTOr0 Barona

2500 -
2000 - y = 146.46x + 0.867

1500

Hanpyxenns, MIla

1000
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Temneparypa, °C

Puc. 4. 3ane:kHicTh HANIpy:KeHb B HeCy4iii KOHCTPYKILiT
KPHUTOI0 BaroHa Bi/l TEMIIEPATYPHOTO BILTHBY

von Mises (N/m?)
3.448e + 008
3.160¢ + 008
2.873e + 008
2.586¢ + 008
2.298e + 008
2.011e + 008
| 1.724¢ + 008
- 1.437e + 008
- 1.149¢ + 008
8.620e + 007
5.747e + 007
2.874e + 007

7.010e + 003

Puc. 5. Hanpy:keHnuii cTan Hecy40i KOHCTPYKIi
KPHUTOr0 BaroHa

[Ipu npoMy HalOUIBII HABAHTAKEHUMH CKJIAJ10-
BAMH Hecydoi KOHCTPYKIii BaroHa € OOKOBI CTiHH

(puc. 6).

Puc. 6. Haii6inbm HaBaHTaxkKeHi 30HM Hecy4ol
KOHCTPYKII KpUTOro BaroHa

Pesynsratn po3paxyHKiB BCTaHOBWIIM, IO MakK-
CUMaJIbHI €KBIBaJICHTHI HANpyXeHHS B HECydill KOH-
CTPYKIii KPHUTOTO BaroHa IOTPHUMYIOTHCS B MEKax
JOMYCTUMHX TIPH 30BHIIIHBOMY TEMIIEPaTypHOMY
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BruuBi y 136,2°C (puc. 8). Ilpu nupomy MakcumanbHi
CKBIBAJICHTHI HaNpYKeHHA cKiIanawTs 344,9 Mlla Ta
BHUHUKAIOTE Y Todpax (puc. 9).

e e e

Puc. 7. Cxema npukiIaJeHHs TEMIEPATYPHOI0
HABAHTAKEHHH /10 HeCy40i KOHCTPYKUII KPUTOr0 BAroHa
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Puc. 8. 3anexxkHicTh Hanpy:keHb B Hecy4ili KOHCTPYKIUiT
KPHTOI0 BATOHA BiJl TEMIIEPATYPHOI'O BILIUBY

Haii0inpm HaBaHTaXXEeHUMHU CKIIQJIOBUMH HECYdO0i
KOHCTPYK1ii BaroHa € 60koBi ctinu (puc. 10).

IIpoBeneHi NOCHIPKEHHS CHPUITHMYTh IiJBH-
MEeHHI0 €(heKTUBHOCTI BUKOPHUCTAHHS 3QJTI3HUTHOTO
TPAHCHOPTY IUIIXOM MOMUIMBOCTI 3QJIYYCHHS KpPH-
TUX BaroHiB JI0 TIEPEBE3CHb OUIBII MTUPOKOi HOMEH-
KJIaTypy BaHTaXiB, a TAKO CTBOPCHHIO HAIPAIIO-
BaHb 100 MPOCKTYBaHHS MYJIbTH(PYHKIIOHAILHUX
KOHCTPYKIIIH BaroHis.

BucHoBKH

1. Bu3Ha4yeHO BIUIMB TEMIIEpaTypy IEPEBO3UMOTO
BaHTaXy Ha MIIHICTh HECYY0i KOHCTPYKIIiT KPUTOTO

von Mises (N/m?)
3.449¢ + 008
3.161e + 008
2.874¢ + 008
2.587¢ + 008
2.299¢ + 008
2.012e + 008
1.724¢ + 008
1.437¢ + 008
- 1.150e + 008
8.623¢ + 007
5.749¢ + 007
2.875¢ + 007
7.744¢ + 003

Puc. 9. Hanpy:xeHuii cTaH Hecy4oi KOHCTPYKIiT
KPUTOI'0 BaroHa

Puc. 10. Haii6iib11 HABaHTaKeHI 30HU HeCy4oi
KOHCTPYKIii KPUTOr0 BAaroHa

BaroHa. BcTaHOBIEHO, 1O MIITHICT HECYYOi KOH-
CTPYKIIii KPUTOTO BaroHa 3a0e3MedyeTbes MpH i
temneparypu y 118°C. MakcumaiibHi €KBiBaJIeHTHI
HanpyXeHHs 3a(iKcoBaHi y BEPTHKAIBHUX CTiHKax
i nopiBHIOIOTH 344,8 MI1a.

2. JlochimkeHO MIMHICTD HECy4doi KOHCTPYKIIii
KPUTOIO BaroHa IIpd PO3MOPOXKYBaHHI BaHTaxy,
po3MmilieHoMy Y HhoMYy. MakcUMalibHI €KBiBaJICHTHI
HampyXeHHsI JOTPUMYIOTbCS B MeEXKax JJOMYCTH-
MHX TIPU 30BHIOIHBOMY TEMIIEPAaTypHOMY BILIHBI
y 136,2°C. Ilpu 1ipoMy umMcenbHI 3HAYSHHS MaKCH-
MaNbHUX €KBIBaJCHTHHX HaNpyXeHb CKJIAZAIOTh
344,9 MIla Ta BuHMKawOTh y Todpax.
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Lovska A.O. RESEARCH OF THE TEMPERATURE EFFECT ON THE STRENGTH
OF THE BEARING STRUCTURE OF A COVERED RAILROAD CAR

The article deals with the determination of the temperature effect on the strength of the bearing structure
of a universal boxcar model 11-217. The study was carried out by computer modeling using the finite element
method, which is implemented in the SolidWorks Simulation software package.

When creating a spatial model of the bearing structure of a covered railroad car, elements that rigidly
interact with each other were taken into account, i.e., the model does not take into account self-sealing doors.

The continuum model of the bearing structure of a boxcar is formed by a tetrahedron. The calculations took
into account two schemes of thermal loading of the bearing structure of a covered freight car: the temperature
effect on the inner surface, which occurs during the transportation of high-temperature cargo; the external
temperature effect on the side walls of a covered freight car, which can occur during defrosting of cargo.

The results of the calculations showed that the strength of the bearing structure of a covered railroad car
under the first studied loading scheme is ensured at a temperature of 118°C. The maximum equivalent stresses
were recorded in the vertical racks and equaled 344.8 MPa. The yield strength of the material was taken into
account as permissible stresses, which for 09G2S steel is 345 MPa.

In the second loading scheme for the bearing structure of a covered railroad car, the maximum equivalent
stresses are within the permissible limits for external temperature exposure of 136.2°C. The numerical values
of the maximum equivalent stresses are 344.9 MPa and occur in the corrugations.

The research will contribute to improving the efficiency of rail transport by enabling the use of covered
railcars for the transportation of a wider range of goods, as well as creating developments in the design of
multifunctional railcar structures.

Key words: transport mechanics, covered railroad car, bearing structure, thermal analysis, stress state.
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