-

SCIENCE AND ENGINEERING

VK 629.463.3:519.6

Hukonait BOPOHUH (mnap,.)
Nikolai N. VORONIN (Jr.)

Hukonaii BOPOHUH
Nikolai N. VORONIN

Features of Freight Cars Operation within

the Railways of Myanmar
(TekcT cTatbu Ha aHI. 93. — English text of the
article — p. 66)

Bo3apacrarowime B nepuos Ha4aBLUNXCS
B 2011 rogy cepbe3HbIX MOJIMTUYECKUX
¥ 3KOHOMUYECKuX pedopm NoTpebHOCTN
B rpy3onepeBo3Kax norpebosanm

OT rpaBunTeJibCTBa MbSIHMbBI CUCTEMHBIX
npeobpa3oBaHWii Ha TPaHCropTe.
TMpUHATBI [OIrOCPOYHBIE NMPOrPamMmMbl
MOAEPHU3aLNU XXeJ1e3HbIX J0POr,
YKperieHusl nx pecypcHori 6a3bl,
TeXHUYECKOro ocCHalyeHusl. B pamkax
oXugaeMbix nepemMeH aBTopbl CTaTbu
aHann3upyoT COCTOSIHNE BarOHHOro
napka B cTpaHe, 0CO6eHHOCTU

ero akcruyatauum. lMpu aTom Kak
oTgesibHasl xapaKTepHas npobiema
paccmaTpmuBaeTcsi UBHOC NMSITHUKOBOIO
y371a Ha pa3HbIX o TUny n Ha3aHa4eHuro
rpy30Bbix BaroHax.

KnoyeBbie crioBa: TpaHCrnopTHasi CUCTeMa,
XxenesHasi aopora, MbsiHma, rpy3oBbie
BaroHbl, MSTHUK, MOAMSTHUK, KOHTAKTHOE

JiaBJieHvie, U3HoC.
|
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OcobOeHHOCTU 3KcnyaTauum
rpy3oBbiX BaroHOB
Ha XeJie3HbIX goporax
MbSAHMbI

Boponun Hukoaaii
Huxoaaeeuu — dokmop
MexXHU4ecKux HaykK,
npogeccop Mockosckoeo
20Cy0apcmeeHH020
YVHUBepcumema nymei
coobuenus (MUHUT),
Mockea, Poccus.
Boponun Hukoaaii
Huxoaaeeuu (maad.) —
KaHoudam mexHu4ecKux
Hayk, doyenm MUUT,
Mockea, Poccus.

3un it Mun — kanoudam

MmexHu4ecKux Hayx,
3uH 3 MUH Sneon, Pecnyoauka Coro3
Zin Aye MIN Mbosuma.

ecniyonrka Coio3 MbsiHMA SIBSETCS

JIpeBHEUIIM rocyaapctsoM B FOro-

BocTouHoit Asuu. Ero Hacensior
B ocHOBHOM OupmaHubl (70%). B VIII Beke
OHM co31anu c¢Bo€ rocymapctBo I[laran,
a B XVIII Beke K HeMy NIPUCOEIMHUIICS el
PSLI MEJIKMX FOCy1apCcTB. MbsiHMA FPaHUYUT
¢ Mnaueit (1463 xm) u banrnagem (193 kM)
Ha 3amane, Kutaem (2185 kM) Ha ceBepo-
BocToke, JlaocoM (235 kM) Ha BOCTOKe
u Tannangom (1800 kM) Ha IOTO-BOCTOKE.
C 1ora u 10oro-3amnajaa 6epera cTpaHbl OMbI-
BalOTCs BojaMu beHraabckoro 3aiuBa u 3a-
nuBa Moyrama (MapTtabaH), a Takxke AHIa-
MaHcKoro mops. Ilnomanb pecrnyoanku,
BKJIIOYAsl IpUJIeTalole OCTPOBa, COCTAB-
nsieT 676 ThIC. KM?, IyIMHa OEperoBoil M-
Huu — 1930 kM.

DTta KopoTKasg InmojuTtreorpaduueckas
CIIpaBKa He KaXKeTCsl JIMIIHEH, KOraa CTaBUT-
csl 3a7a4a OLEHUTh B KOHTEKCTE IPOIIIOrO
M HACTOSILIET0 COCTOSIHME TPaHCIOPTHOM
CHCTEMbI CTPaHbI U IIPUOPUTETHYIO POJIb B HEM
JKeJIe3HbIX TOPOL. VX TeXHUYeCKUii TOTEHIIM -
aJl ¥ IePCIIEKTUBbI PAa3BUTHSL.



NPEOANOCBLIJIKM MOOEPHU3ALUU

TpaHcriopT MbstHMBI IIPEACTaBIEH BCEMU
€ro BUJaMU, K KOTOPBIM OTHOCSTCSI: JKeJIe3-
HOJIOPOKHBIM, MOPCKO, PEYHOM, BO3MYIII-
HbII 1 aBTOMOOUJIbHBINA.

Hauajno crpoutenbcTBa 3KeJle3HbIX JOPOT
B bupMe (Tak Ha3pIBajach CTpaHa B TOT IIEPU-
oa) otHocaT K 1877 rony. Torna Huxxusis
bupma 6b11a KonoHueir BennkobputaHuu
u yacTtbio bpuranckoit Uunun. OTKpbIiTHE
JKEeJIe3HOIOPOXKHOIO COOOIIEHUSI COCTOSIOCH
Ha uHuu Panryn—IIpomM. DTa nuHus crana
IePBOi TOCYyIapCTBEHHOM XeJIe3HOM 10pOroi
(Irrawaddy Valley State Railway). E€ npors-
JKEHHOCTb COCTaBJIsIa 262 KM U IPOXOauia
BIoJIb peku MpaBanu. /lopora, CTpouBILIAsICST
B TeueHUe TPEX JIeT, IpeaHa3Havagach s
UMIOpTUpOBaHus ToBapoB u3 Muauu. B 1884
rogay HoBasi KommaHus (Sittang Valley State
Railway) no6asuia ee 267 KM IyTU BIOJIb
nvHuu u3 Panryna B ropon Tonry uepes Iery.
Berka ucronb3oBagach IS IepeMelleHUs
puca U3 JOJMHBI B IJIaBHBIA MMOpT PaHryH
(B HacTosIIee BpeMsl — SAHTOH).

Ilpu coenunenun ¢ BepxHeit bupmoii
KeJNe3HYI0 TOpory nmpoaiauiu Ha 354 KM
ot Tonry no Mannanas B 1889 roay. Ilocne
3TOr0 HayvajoCh CTPOUTEIBCTBO ydyacTKa
ot CuranHa 10 MBUYUHBI CO CBS3YIOIIEH
Toukoii B MaHnanae. C OTKPBITUEM TPaCChl
B 1891 roay HenpepbiBHas 1165-KuiaomeTpo-
Basi IMHUS IIPOTsIHYIach OT PanryHa B Mbu-
yuHy. [Ipu aToM B CuramHe xeJjie3Hasi 10pO-
ra noaxoauia K peke Mpasaau, yepe3 KOTO-
pPYIO BaroHbl IeperpaBlIsIMCh Ha ITapoMax.
MocT uepes peKy ObLIT OTKPBIT TOIBKO B 1934
roay ¢ aAByMs auHusAsMuU. OgHa U3 HUX
IpeaycMaTpuBagach JJisi aBTOMOOUIBHOIO
TPaHCIIOPTa, a Ipyrast — Ui XKeJIe3HOLOPOXK-
Horo. MocT oKazaJicsl pa3pyllieH BO BpeMs
Bropoii MUpOBOI1 BOHBI U BOCCTAHOBIICH
B 1954 rony moce o0ObsIBICHUS HE3aBUCUMO-
ctu bupmbl.

B 1942 rony bupma umena cethb ¢ oo01Ieit
pa3BepHYTON AaumHOMN myTteit 3313 kM,
HO BO BpeMsl BOMHBI SITOHCKUMU OKKYITaIl-
OHHBIMM CcHJIaMU OBbLJTIO pa3zoOpaHo 480 KM.
K KoHI1ly BOOPYX€HHOTr0 KOH(IMKTa B 9KC-
TUTyaTalyu Haxoauiaoch Beero 1085 kM TnHumiA,
MPEICTABIISIBILIUX COOO0i YETHIPE N30JIMPOBAH -
Hble ceTh. B 1961 romy npoTsok€HHOCTD ITPU-
rogHbIX K padote myteil gocturiaa 3020 km
M OocTaBajach HEM3MEHHOM 10 oKTs10ps 1970
roja.
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lTocymapcTBeHHBIE XeJle3HbIe TOPOTHU
MBbSTHMBI B HOBOM Y€ KaueCTBe ObLITM CO3/1a-
Hbl 1 anpenst 1989 roma. K 2000 roay npo-
TSKEHHOCTD UX cocTaBruia 5068 KM, a K KOH-
1y 2008-ro — 5128 kM ¢ yueToM ABYXITyTHOTO
yuactka AHron—Manpanait. Oco6eHHOCThIO
JKEJIe3HOMOPOXKHOM CETH OCTAETCS TO, YTO OHA
CBsI3aHa C TOPTOM SIHTOH 1 He MMeeT BBIXoAa
Ha TaKue CoCceIHNe rocyaapcTna, Kak Kurai,
Taunaun u Uuaust.

DakTOpOM pa3BUTHUS KeJIE3HOTOPOKHOMN
MHGPACTPYKTYPhI JTI0OOT0 rocy1apcTBa siBsi-
I0TCST OOBEMHBIE TIOKA3aTeN N, XapaKTepU3YIOo-
1u1e YpoBeHb MOTPy3KW U Tpy30000poTa
HE TOJIbKO BO BHYTPEHHEM COOOIIEHUH,
HO 1 MexnayHaponHoM. [locnenHee 3aBUCUT
OT TOI BHEIITHETOPTOBOM JESITEIbHOCTH, KO-
TOPYIO BEJET TOCYIapCTBO U KOTOPast IEMOH-
CTPUPYET 3HAYMMOCTh TIPOAABAEMOTO HAIINO-
HaJIGHOTO TIPOIYKTa B MUPOBOM pa3aeieHun
Tpyaa. [ToaToMy 06bEMBI 9KCTIOPTA U UMIIOP-
Ta ToBapa, a TakKe WX TPAaH3UT BO MHOTOM
OTPEIEIISTIOT TOTPEOHOCTH B pa3BUTHU TPAHC-
TIOPTHOTO TTOTEHIIMAJIa CTPaHBI.

AHaJIn3 TTOKa3bIBaeT, YTO BHEIITHETOPTO-
BBII TOBAPOOOOPOT B OCHOBHOM 00€CITeUM -
BaeT XeJIe3HOMopoXHas cuctema. UM cyiie-
CTBYIOIIWE 37eCh B3aMMO3aBUCUMOCTH 3a-
CTaBWJIN PYKOBOJICTBO MBSHMEI C OCOOBIM
BHUMaHHEM OTHECTUCH K IEPCIICKTUBAM
pocTa UMeHHO 2Toit oTpaciu. [Tpudyem cie-
IyeT TTOAYEPKHYTh, YTO paccMaTpPUBaTh MX
MPUIILIOCHh KaK pa3 B TOT MOMEHT, KOTJa
B 2011 rony ObLIM HayaThl CEPbE3HBIE pe-
¢dopMbl, Tipeamnoaaraiwoliue 60pbdy ¢ Kop-
pyImeit, cTabuan3alnio Kypca HallmoHa b-
HO BaJIOTHI, U3MEHEHUSI YCJIOBUIA HAJIOTO-
00JIOXKEHUST U TOpsIAKa UCITOIb30BaHUS
WHOCTpPaHHBIX MHBecTUIINI. To ecTh Tepe-
OIlIeHKa BO3MOXHOCTEU KeJIe3HBIX TOPOT
uMesia GOH B 1LeJJOM MHOToOOeIaIIuii,
HO OJJHOBPEMEHHO W OYeHb 00S3bIBAIOIIN I
TSI OOBSIBICHHBIX B MHTEpecax CTPaHBI
JIOJITOCPOYHBIX ITPOTPAMM MOJAEPHU3AIUYN
JKEJIE3HOJOPOXKHON CUCTEMBI, €€ TeXHUYEe-
CKOTO TIepeOoCHaIIeHUSI.

PECYPC BATOHHOU TEXHUKU
BaroHHbIi1 MapK SIBASIETCSI COBOKYITHOCTHIO
CJIOXKHBIX U BaXKHBIX TEXHUYECKUX CPEJICTB,
obecrieunBalONIMX OCHOBHOE Ha3HauYeHUE
KEJIE3HOIOPOXKHOTO TPAHCTIOPTA — MIEPEBO3KY
MaccakMpoB U TPY30B TSI HAPOJTHOTO XO3sTH-
ctBa crpaHbl. OT IMapaMeTpoB, KOHCTPYKIIUN
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Puc. 1. KpbiTbivi BaroH.

Puc. 3. Mnargpopma nog necomarepuansi.

U TEXHUYECKOTO COCTOSTHUSI BATOHOB BO MHO-
TOM 3aBUCHUT 3 PEKTUBHOCTD 1 0€30IIaCHOCTh
rnepeBo304yHoi pabothl. [1o cBOEMy HazHaue-
HUIO OHU JIEJISITCS HA JIBE TPYIIITHI — MAcCaKUp-
CKWE U TPY30BBIC [4].

[py3oBbie BaroHbl B 3aBUCMMOCTHU OT BUIA
TIEPEBOZMMBIX T'PY30B MOIPA3IETISIIOTCS Ha Clie-
JYIOIINE TUIIBI: IIUCTEPHBI, TTOJYBAarOHBHI,
KPBIThIE, TUIAT(OPMBI, XOTITIEPHI, TyMITKAPHI,
pedpuxepatops! u T.11.

KpbIThie BaroHsl Ha XEIE3HBIX JOPOTax
Mpbsambl (puc. 1) mpeaqHazHavYeHbI 115 Tiepe-
BO3KU 36 PHOBBIX U TIPOYUX CHITTYIUX TPY30B,
HYXIAIOIIUXCS B 3alIUTEe OT aTMOC(EPHBIX
OCa/IKOB, a TAKKe TPAHCTIOPTUPOBKY TAPHO-
YIMaKOBOYHBIX W BBICOKOIIEHHBIX I'PY30B.
Baron mMeeTt 3aKpbIThili Ky30B, OOBIUHO
000pyIOBaHHBIN JBEPSIMU U JTIOKAMMU.

[MonyBaronsl (puc. 2) paccunTaHbl HA TTe-
PEBO3KM HABAJIOYHBIX TPY30B (pyaa, yrojb,
(hmockl, Tlecomareprabl 1 T.11. ), KOHTEMHEPOB,
pa3TMYHBIX MalIvH U Ap. Baron takoro tuma
VMMEET OTKPBITHIN CBEPXY KY30B, 4aCTO 000pYy-
JIOBAaHHBII pa3rpy304HBIMU JIIOKAMU, 2 THOT -
Jla ¥ IBEPSIMU.

[Tnaropmbl Ha XKeJTe3HBIX JOpOrax Mc-
TIOJTB3YIOTCS JUTSI TIEPEBO3KU JUIMHHBIX U TPO-
MOBIKWX TPY30B: K HUM OTHOCSITCS JIECOMaTe-
pUabl, MPOKAT, CTPOUTEIbHbBIE MaTEePUATIbI
1 ntory(abpuKaThl, KOHTETHEPHI, ABTOMAIIIH -
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Puc. 4. Mnargpopma.

HbI U T.1. (puc. 3 u 4). Muorue u3 ratdopm
MMEIOT HACTUJI TI0JIa Ha paMe U OTKUIHbBIE
ooprTa.

HucrtepHbr (puc. 5) mepeBo3IT XUAKUE
U Ta3000pa3Hbie TPY3bl: HE(DTh, KEPOCUH,
OEH3MH, Macya, KUCIOThI, CXVDKEHHBIE Ta3bl
U T.11. Ky30BOM Takoro BaroHa siBjsieTcsi KOTEIL.

Baronsl crieniaabHOTO Ha3HAYEHMSI TIPET-
Ha3Hau€HBbI U151 TPY30B, TPEOYIOLIMX OCOObIX
ycioBuii nepeBo3ku. K aToii rpyrine oTHOCAT-
sl OTIpeieJICHHbIE TUTTBI LIMCTEPH [T KUCIIOT,
ra3oB ¥ MPOYUX cen(pUIecKnx rpy30B, Ba-
TOHBI-XOTITIEPHI IS 3epHA, MUHEPATBHBIX
YIOOPEHUI U CXOXKUX C HUMU HATIOJIHUTENEH
(puc. 6), a TakKe BarOHbI IS TEXHUUECKUX
HYK]T 3KeJIE3HBIX TOPOT (BarOHbI-MacTepCKue,
BaroHbl BOCCTAHOBUTEIbHBIX U TTOXAPHBIX
TI0€3I0B U Ap.)

Hosnst 4-0CHBIX BarOHOB BCEX TUIIOB CO-
craBisieT 76,6%, B TOM 4uciie YHUBEPCAb-
HbIX — 58%. J1onis 2-0CHBIX YHUBEPCATbHBIX
BaroHoB He TpeBbIlaeT 38%, a Bcex crielua-
JTU3UpOBaHHEIX — 34,2% [5].

ITpu sxcrutyaTaniu BaroHHOM TeXHUKU
BO3HUKAIOT PA3INIHBIE CTATUYECKUE U JUHA-
MUYECKUE TTOBPEXICHUS AeTaNICii TOBIKHO-
TO coCTaBa. 3HAYUTENBHYIO JOJII0 B OOIIEM
YUCJIE OTKA30B 3aHUMAIOT MMOBPEXICHUST XOI0-
BBIX YACTeil: paMbl TeJIeXkeK, KOJECHBIX Tap,
JeTaeii IKBOPHEBOTO y371a. CTaTUCTUIeCKUIA
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Puc. 5. LiucrepHa ans nepeBo3ku 6eH3nHa.

Puc. 6. Baron-xonnep.

Puc. 7. MaTHuk.
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aHaJIU3 MOKa3aJj, YTO OTKAa3bl XOIOBBIX YacTel
U TISITHUKOBOTO y3J1a Ha BTOPOM MECTE MOCJIe
OTKAa30B Ky30Ba, MOCKOJIbKY MSITHUKOBBIE Y3JIbI
MOJABEPraloTCsl yaapHbIM, BUOPALIMOHHbBIM
M CTaTUYECKUM BO3JIEUCTBUSIM, YACTO MPEBbI-
IIAIOIINM ITPOEKTHBIE Harpy3Ku, paboTamT
MpaKTUYeCKU 0€3 CMa3blBaHUs, B CUJIBHO 3a-
MBUIEHHOM, a THOTJIA M aOpa3uBHOM cpejie TIpr
TIOBBILLIEHHOM BJIAXKHOCTH ¥ TemItepaType [6].

AHAJIN3 NUSHOCOB B NATHUKOBbIX
Y3J1AX

C ToukHM 3peHUs MPOIJICHUS pecypca Ba-
TOHHOM TEXHUKU MpobiieMa U3HOca TTOBEpX-
HOCTE# MSATHUKOBBIX Y3JI0B MpUoOpesa 0co-
OyI0 aKTyaJbHOCTb IJISI XeJEe3HbIX TOPOT
MbSHMBL.

Tenexku rpy30BbIX BarOHOB UMEIOT pas-
JIMYHBIC KOHCTPYKTHBHbIC BApUAHThBI TISITHU-
KOBOTro y37a. OOBIYHO TPUMEHSIIOTCS Y3JIbI C
IraMeTpaMu TSITHUKA 298 MM U MOANSTHU-
ka — 305 mM. Cxema mSITHUKA MpUBeAcHA
Ha puc. 7, a noAnsgaTHUKa — Ha puc. 8 [5, 7].

1S OlIeHKU U aHaIM3a U3HOCOB B IISIT-
HUKOBBIX y3J1aX MCIIOJIb30Bajicsl pa3pado-
TAaHHBIK UM anpOOMPOBAHHBIN pacYETHHIN
meton [8-10]. ITpu pacu€THOI olieHKE pe-
cypca y3jia YYUThIBaJUCh MapaMeTphbl Baro-
HOB, BeJIMYMHA Mpobera, MexXxaHU4eckKue
XapaKTepUCTUKHU MaTepuaaoB MITHUKA
U MOAIMSTHUKA, a TaKXke XapaKTepHCTUKa
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Puc. 8. MognaTtHuk.

IyTH, Macca OpyTTO BaroHa M psiI APYrUx
(hakTOpOB, CYIIECTBEHHBIX IPUMEHUTEIbLHO
K YCIOBUSIM MBbSTHMBI.

B anamse GbLIO ITPeaCTaBICHO HECKOJIbKO
TUIIOB BarOHOB, OCHOBHbIE XapaKTePUCTUKU
KOTOpPBIX MpuBeAeHbI B Tabauue 1 [5, 7]. Ux
BBIOOP 0a3MpoBajCs Ha pa3IMYMU JaHHBIX
10 FEOMETPUYECKUM pa3MepaM U TPy30I10Ib-
€MHOCTHU.

C 11oMol1IbI0 pa3paboTaHHOM MPOrpaMMBbl
[9, 10] mpoBeaeHbI YMCIEHHBIE IKCITIEPUMEH-
THI I10 TTOBOJY BJIMSIHUSI 9KCILTyaTallMOHHBIX
JTAHHBIX ¥ XapaKTePUCTUK XKeJIe3HOTOPOKHBIX
BaroHOB Ha M3HOC OITOPHBIX W LIMJIMHAPUYE-
CKMX IOBEPXHOCTEI ¢ y4ETOM M3MEHEHUS
BEJMYMHBI KOHTAKTHBIX JaBJICHUIA.
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Ta6amua 1
XapakTepuCTHKHU rPy30BbIX BATOHOB M bsSIHMbI

Ne Tum Barona Monenb baza, Mmm Ipy3onoabEMHOCTD, T Tapa, T
n/m
1 Bogie covered high speed GBHV 7800 33 15
bogie wagon (KpbIThIii BATOH)
Bogie open wagon (To;1yBaroH) SMBV 7500 35 13
3 Bogie longer container flat wagon | WBCXHV 8391 31 15
(rarpopma)
4 Bogie L.P.G. tank wagon TBOHV 7772 30 15
(uMcTepHa)
5 Bogie open rapid discharge MBDHV 7000 31,5 18,5
hopper wagon (BaroH-xorirep)
4.00E+H09
< 350EH09 et —
= e e ——2
< 3.00E+H09 ——3
Puc. 9. KoHTakTHOe faBneHune § 2S00 /} o] ‘X\’\
UMNHAPNYECKUX NOBEPXHOCTEN S 200509
B MSTHUKOBOM y3J1€ S 150E09
B 3aBUCUMOCTHU OT pPa3JINYHbIX § /f r .\ X\
ANaMeTPOB NATHUKA g LoE / / \ \
M nognaTHuKa. S 5.00EH8 / _I \ \
0.00E+00

-0.09

[Mon BrusiHMEM 3HAYUTENBHBIX AaBICHUN
U B3aMMHOTO TIEPEMEIeHUsT KOHTAKTUPYIO-
LIUX TIOBEPXHOCTEH TPOUCXOAUT U3MEHEHUE
UX pa3mepoB, (HOPMbI, MACCHl U COCTOSTHUSI
TTOBEPXHOCTH TMSITHUKA U TIOATIITHUKA BCIIE -
CTBUEC pa3pylIcHMS (M3HAIIMBAHNS) TTOBEPX-
HOCTHOTO CJIOSI TIPU TPEHUMU, a CJIEAOBATEb-
HO, 3HAUYE€HWE M3HOCA HAIPSIMYIO 3aBUCUT
OT YCJIOBM 9KCIUTyaTalluy BaroHa U CBOVICTB
TIPUMEHSIEMbIX MaT€pPUAJIOB MPU U3TOTOBJIE-
HUU U PEMOHTE.

OnHUM U3 BaxkKHeHINX (paKTOpPOB, OIpe-
JEeJISIONINX U3HOCHI TOBEPXHOCTE Taphl
TPEHUSI, SIBISIETCS BEJIUYMHA KOHTAKTHBIX

500
600 Rrp, m

700
500

Puc. 10. UsmeHeHue n3Hoca ornopHoV NoBepPxXHOCTHU
B MATHUKOBOM Y3J1€ KPbITOro sBaroHa mogesn GBHV
B 3aBUCMMOCTM OT paguyca KpuBbIX nyTuv v npobera.
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IaBleHU. Ha mMummHApMIecKnX MOBEPXHO-
CTSIX KOHTaKTHBIC HaBICHUS PACTIPEICISTIOTCS
HepaBHOMEPHO. B 30He comnpseKeHUS TMITH-
JIPUYIECKIE TTOBEPXHOCTH IISITHUKOBBIX Y3108
MOTYT UMETh pa3IMYHble TUAMETPHI M3-3a
BO3MOXKHBIX JTIOIMYCKOB IIPY M3TOTOBIICHUH.

7151 MITHUKOBOTO y3J1a TPY30BBIX BATOHOB
YepTEXHBIN pa3Mep IuaMeTpa ISITHIKA paBeH
298(%1) MM, TO €CTh €T0 pa3Mep MOKET U3MEe-
HATBCS B mpenenax 2,0 MM, a BHYTpeHHUI
nrameTp noamsatHuka — 305(x1) mm. [ToaTo-
MY IIJISI TAKOTO IISITHUKOBOTO Y3J1a 3a30p MEXK-
Iy TIITHAKOM ¥ TIOAIISITHUKOM MOXKET KOJIe-
0aTbCs y pa3HBIX BATOHOB OT 5 710 9,35 MM.

Jn MuIMHIPUYECKOM TOBEPXHOCTH IISIT-
HHMKOBOTO y3J1a KPBITOTO BaroHa MOJICIH
GBHY, nonyunBiiiero HaubobIlIee pacipo-
CTpaHEeHUE Ha XeJIe3HBIX Toporax MbSHMBI,
OBLT IPOBENEH aHAIN3 pacTIpeneICHUS KOH-
TaKTHBIX JAaBJICHUI B 3aBUCUMOCTHY OT HaYalh-
HBIX Pa3MEpOB MSITHUKA W TMOAIMATHUKA.
Ha puc. 9 moka3aHbI pacripeneIeHIs KOHTaKT-
HBIX JaBJICHUI Ha IWIMHAPUICCKIX TTOBEPX-
HOCTSIX JUTSI MUHUMAJIBHBIX TOITYCKOB IISITHU -
Ka ¥ TIOATIATHUKA IIPU U3TOTOBJICHUY MSITHU -
KOBOTO y31a (KpuBas 1), HOMUHAJIbHBIX 3HA-
YEeHUI X TUaMEeTPOB (KpUBasi 2), a TAaKKe IS
MaKCHUMaJIbHBIX TOITYCKOB ITPY X N3TOTOBIIC-
HUM (KpuBas 3).

W3 puc. 9 BUDHO, 9YTO MPU YBEIUICHUN
0 MaKCUMaJbHOTO 3a30pa MEXIY ISITHU-
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Tabumua 2
MakcumaJibHbIe H3HOCHI BATOHOB M bSIHMBI

Monens OrnopHast TOBEPXHOCTh LunuHapuueckast TOBEPXHOCTh

BaroHa
H3Hoc B nipouieHTax ot kpsitoro | MU3Hoc B npoueHrax
MakcuMasbHblil, MM | BaroHa GBHYV, % MaKCUMAaJIbHBIN, MM | OT KPBITOTO BaroHa

GBHY, %

GBHV 4,32 100 4,1 100

SMBV 4,15 96 3,44 84

WBCXHV 4,31 99 4,48 109

TBOHV 3,85 89 4,15 101

MBDHV 4,16 97 3,1 76

KOM U MOJATSITHUKOM MPOTSKEHHOCTD 30HBI
KOHTaKTa yMEHbIIAETCsI, HO MPU 3TOM
MaKCHUMaJbHOE NaBJIeHUE YBEIUUUBACTCS.
Korma pasmepbl nuaMeTpoOB MSITHUKA
M TIOAMSATHUKA MPUOTMKATCSI K MUHU-
MaJIbHbBIM 3Ha4YeHUSAM, 30Ha KOHTaKTa
paciupsieTcsi, a MaKCMMaJbHOE KOHTAaKT-
HOE JaBJeHUEe TOHNXaeTCs.

B [8-10] nmokazaHo, uTo Ha paboYux TO-
BEPXHOCTSIX MSITHUKOBBIX Y3JIOB B MpoIlecce
paboThl U3HOCHI TTPOUCXOST HEPABHOMEPHO
u 3aBUCAT OT psiia dakrtopos. Ha puc. 10
MPUBEICHO U3MEHEHNE N3HOCOB Ha OITOPHBIX
MMOBEPXHOCTSIX MATHUKOBBIX Y3JIOB KPBITOTO
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H3znoc , mm

IBUKCHUSI MMEET MaKCUMAaJIbHYIO 3arpy3Ky,
COOTBETCTBYIOIIYIO TaHHBIM TaOJIHIIHI 1.

N3 npuBea€HHOro pacnpeneieHus
Ha puc. 10 ciemyeT, YTO B 3aBUCMOCTH OT Xa-
PaKTEepUCTUKU MYTH, €TO PATUYCOB KPUBBIX
HM3HOC MOXET MEHSIThCSI B HECKOJIBKO pa3. Tak,
Harpumep, pu rpodere 500 THIC. KM I10 ITyTH
¢ pagmycamu kpuBbix 700 u 300 M oH yBenu-
yuBaeTcs ¢ 1,85 mo 4,32 mm. [TosTomy, Ha3Ha-
Yyast MEKPEMOHTHBIEC TIPOMEXYTKH TISITHUKO-
BBIX y3JIOB, HCOOXOIMMO YUYUTHIBATh YIaCTKH
ITyTH, Ha KOTOPBIX JTaHHBIN BarOH 9KCIUTyaTH -
pyeTcs. A TakxXe ero 3arpyKeHHOCTb, BUI
rmepeBo3uMoro rpy3a. Ha puc. 11 misg paccma-
TPUBAEMOTO BaroHa IMPUBEICHO M3MEHEHME
M3HOCA OTIOPHOM ITOBEPXHOCTH B IIATHUKOBOM
y37I¢ B 3aBUCUMOCTHU OT €T0 3aTrpy*KCHHOCTH
nist mpo6era 100 TBIC. KM.

Ha puc. 12 moka3aHo pacrpeneieHue n3-
HOCOB Ha IWJIMHIPUICCKUX MMOBEPXHOCTSIX
IISITHUKOBBIX Y3JIOB B 3aBUCUMOCTH OT BEJIM-
YUHBI TTpobera. B mpomnobHOM HampaBiIeHUT
HU3HOC OOJIBIIIE, YeM B TIOTIEPEIHOM, UTO CBSI-
3aHO C HAIIpaBJICHUEM TSHYIIETO YCUIIHS,
JIeMCTBYIONIET0 Ha BaroH. Ha skeiae3HbIX m0-
porax MbsSHMBI UMECTCS OOJIBIIIOE KOJIMIECT-
BO KPUBBIX C MAJIBIM PaIyCOM, TIO3TOMY IIPHU
pacuyé€Te MPUHUMAJIOCH UX CpeIHee 3HaUYCHIE
400 M.
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B peanpHBIX yCIOBUSIX HA TTYTU CJIeIOBa-
HUS BATOHOB BCTPEYAIOTCS pa3IMUHbIE paIn-
YCBI KPUBBIX, ¥ MX BIMSTHUE HAa KOHCTPYKIIMIO
kpoiToro Barona tunma GBHYV moxkasano
Ha puc. 13. VI3 Hero cienyer, 4To ¢ yBeanye-
HHUEM paamyca KpUBOW IYTH IIPOMCXOIUT
YMEHBIIIEeHNE M3HOCA MUIMHAPUICCKUX TI0-
BEPXHOCTEH TIITHUKOBBIX Y3JIOB.

Jlsg Bcex TpUBeAeHHBIX B Tabulie 1 Baro-
HOB OBIJTV TPOBEJACHBI aHAJIOTUYHBIE YMCIICH-
HBIe DKCTIEPUMEHTHI, KOTOPBIE TTOKA3aJI1, YTO
M3HOCHI HA OMTOPHBIX TTOBEPXHOCTIX 3aBUCHT
OT PaIlyCcoOB KPUBBIX ITyTH, IIpo0era BaroHa
M UX rpy3onoabeMHOCTU. [lonyyeHHbIe JaH-
HBIE CBUIETEIBCTBYIOT: IIPU YBEIUICHUN
npobera U Macchl OPYTTO BaroHa, a Tak:Ke
YMEHBIIICHUH paanyca KPUBBIX ITyTHU HAOJTI0-
JlaeTcs TTOBBIIIIEHe NU3HOCOB. XapaKTep pac-
TIpeaeeHUST NI3HOCOB JIJIsI BCEX TUTIOB BATOHOB
COXpaHsIeTCs, HO YNCJIEHHBIe 3HAaUeHUs pa3-
JaaroTced 10 25%. MakcuMaibHbIe 3HAaYEHUSA
M3HOCOB MPUBEAECHBI B TAOIUIIE 2.

Pesynbratel 13HOCOB Ha IIMTMHIPUICCKIX
TTOBEPXHOCTSIX BCEX MCCIIEAOBAHHBIX BATOHOB
MOoKa3aj, 9TO TIPU YMEHBIIICHUN BETMIMHBI
npobera U yBeIWYCHUM paanyca KpUBOM
y4JacTKa ITyTH M3HOC B IIITHUKOBOM Y3JIe UMe-
©T MEHBIIYI0 BeTnauHy. [1pn m3sMeHeHnM yria
TMOBOPOTA M3HOC MEHSIETCST HEIMHEIHO.
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J1st pa3HbIX TUTIOB BATOHOB M3HOCHI TISIT-
HUKOBBIX Y3JIOB 3aBUCST OT UX 0a3bl U MAcChl
opyTrTo. Ha ocHOBaHUU MOJYYEHHBIX JaHHBIX
MOHO TTIOCTPOUTH HOMOTPaMMBbI, TIOMOTAl0-
e OMmpeaenuTh pecypc JoboTo BaroHa,
AKCIUTyaTUPYIOIIETOCS HA KOHKPETHOM yJacT-
Ke TYTH WY Ha BCEeil CEeTH JKEJIE3HBIX TOPOT
Mpbsumbl. Bopouem, Kak U pecypc pabOThl
MSITHUKOBEIX Y3710B (puc. 14).

Ha puc. 14 BugHO, 9TO MaKCUMaJbHBIN
M3HOC (DUKCUPYETCs B MSATHUKOBBIX y3iaX,
PaCITOJIOKEHHBIX IO KPBITHIM BATOHOM MO-
neau GBHYV. Ot1o cBg3aHO ¢ TeM, 4TO y HETro
OousblIast Macca OpyTTo 1 6a3a. LlucrepHa mist
nepeBo3ku HedTenpoaykToB Moneau TBOHV
MMeeT HAaMMEHBIIIYIO CPeU PACCMOTPEHHBIX
BaroHOB BEJIMYMHY M3HOCA B TIATHUKOBBIX
y3J1aX, TOCKOJIbKY ITPU MPOBEIEHU N PACUETOB
YUUTHIBAJIOCH, YTO OHA B OJHY CTOPOHY MIET
rpyx€Hasl, a BoOpaTHOM HaIlpaBJIeHUM — I10-
POXXHSIKOM.

TToyueHHbIe JaHHBIE TIO3BOJISTIOT 000CHO-
BaHHO Ha3Ha4YaTh KOHTPOJIbLHBIE 3aMEPhl U3-
HOCOB 2JIEMEHTOB MSTHUKOBBIX y3JIOB IS
Pa3HBIX TUTIOB BarOHOB.

C 1eJbI0 BBIYMCIEHUS] BO3MOXHBIX KOH-
CTPYKTUBHBIX U3MEHEHUI B MSATHUKOBBIX
y3J1ax ISl CTelMaJlbHBIX BATOHOB OBLIO MPO-
BEJICHO MCCJIEIOBAaHNE U3HOCOB B 3aBUCUMO-
CTH OT Pa3JIMYHBIX AUAMETPOB MITHUKA
¥ ToAIsITHUKA. Pacu€T kacascst MATHUKOBBIX
y3710B trameTpoM oT 250 mo 400 MM TIpu cpen-
HeM panmnyce KpuBbix Tiytu 400 M (puc. 15).
BrisicHuI0Ch, 9TO TIpY YMEHBIIIEHUH TMaMe-
Tpa no 250 MM M3HOC MOBbIIIAaeTCs OoJiee
WHTEHCUBHO, YeM ITPOUCXOIUT €T0 CHIKEHUE
pu yBeaudeHun nuamerpa 1o 400 M.

BblBO4bl

1. Pedopmsbl, HauaBmmecst B 2011 romxy
B Pecrryosinke Coro3 MbsitHMa, ipegycMaTpu -
BaJIM YCKOPEHHOE pa3BUTHUE TPaHCIOPTA,
B [IEPBYIO OYEPEb XKEJIE3HOAOPOXKHOr0. Pa3z-
paboTaHa HOJTOCpOYHas MporpaMma MoJep-
HU3ALUU XeJe3HOAOPOXKHON CUCTEMBI.

2. YBennueHne 00bEMOB ITEPEBO30K MPEJI-
roJlaraeT MOBBIIEHUE KAYeCTBA XEJIE3HOIO-
POXHOI TEXHUKHU, YTO 00EeCTIEYMBAETCS CBO-
€BPEMEHHBIM TEXHUYECKUM OOCITyXKUBAHUEM
U PEMOHTOM, MTO3TOMY HEOOXOAMMO 3HATh

TOYHBIE CPOKY 3aMEHBI WJIK BOCCTAHOBJICHUS
WU3HOILIEHHBIX y3JI0B U AeTaJICH.

3. IlpoBen€HHBIN aHaIU3 TPY30BOro Ba-
TOHHOTO Mapka MbsIHMBI ITOKa3aJl, YTO B 3a-
BHUCUMOCTHU OT BUJa MEPEBO3UMOIO rpysa
HCIIOJIb3YIOTCSI pa3Hble TUITBI BATOHOB, UMe-
IOIIUX OTJUY S IO Macce OpyTTO U TeOMETPH -
YECKUM pa3MepaM, MO3TOMY MPU IBUKEHUU
B KPUBBIX PA3HOTO paauyca OMOPHBIE U LIU-
JIMHAPUYECKUE TOBEPXHOCTU X M THUKOBBIX
Y3JI0B U3HALINBAIOTCS HEOIUHAKOBO.

4. YucneHHbIE 9KCTIEPUMEHTBI TTO3BOJI -
JIV BBISIBUTB, UTO HA pecypc pabdoThl MATHU-
KOBOTO y371a OOJIBIIIOE BIMSTHUE OKa3bIBAIOT
6a3a, Bec OpPYTTO BaroHa, a TakXe YCIOBUS
9KCIUTyaTallud — HaJIW4YKhe KPUBBIX MaJIbIX
pPaalyCcOB, BbI3bIBAIOIIMX MOBOPOT MATHUKA
OTHOCUTEJIbHO MOAMSITHUKA Ha OOJbIIUIA
YTOJI. YCTAaHOBJIEHO, YTO JJISI Pa3HBIX BATOHOB
pecypc paboThl MTHUKOBOTO y3J71a MOXET
pasnunyaTthes B 2,5 pa3a NpU JBUXEHUU
110 OJHOMY M TOMY K€ y4acCTKY KeJIEe3HOI0-
POXHOTO TYTH.
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FEATURES OF FREIGHT CARS OPERATION WITHIN THE RAILWAYS OF

MYANMAR

Voronin, Nikolai N., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Voronin, Nikolai N. (Jr.), Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Zin Aye Min, Yangon, the Republic of the Union of Myanmar.

ABSTRACT

Needs for freight transportation, which increased
in the period of serious political and economic re-
forms, which began in 2011, demanded from the
government of Myanmar to carry out systemic
changes in transport sector. Long-term programs of
railways’ modernization, strengthening of their re-

source base and technical equipment were taken.
Within the expected changes the authors analyze the
condition of country’s rolling stock fleet, features of
its use. Atthe same time as a separate characteristic
problem wear of center plate arrangement depen-
dingis considered regarding different types of freight
cars.

Keywords: transport system, railway, Myanmar, freight cars, center plate, center pad, contact pressure, wear.

Background. Republic of the Union of Myanmar
is the oldest state in Southeast Asia. It is inhabited
mainly by Burmese (70%). In VIl century, they crea-
ted their own state Pagan, and in XVIIl century it was
joined by a number of small states. Myanmar is
bordered by India (1463 km) and Bangladesh
(193 km) to the west, China (2185 km) to the north-
east, Laos (235 km) to the east and Thailand ( 1800
km) to the southeast. From the south and south-
west coast of the country is bounded by the Bay of
Bengal and Gulf of Martaban Gulf (Martaban) and
the Andaman Sea. Republic’s square, including
adjacentislands, is 676 th. km?, the length of coast-
line is 1930 km.

This short politic and geographic reference does
not seem superfluous when the task is to assess in
the context of past and present state of the country’s
transport system and a primary role of railways in it,
their technical potential and development prospects.

Objective. The objective of the authors is to
consider features of freight cars operation on the
railways of Myanmar.

Methods. The authors use general engineering
methods, comparative analysis, evaluation approach.

Results.

Modernization background

Transport of Myanmar is presented by all modes,
which include: rail, sea, river, air and road.

Start of construction of railways in Burma (the title
ofthe country in that period) is referred to 1877. Then
Lower Burma was a British colony and a part of British
India. The opening of rail traffic was held on the line
Rangoon—- Prohm. This line became the first state
railway (Irrawaddy Valley State Railway). Its length was
262 km and it ran along the Irrawaddy River. The road,
built over three years, was intended to import goods
from India. In 1884, a new company (Sittang Valley
State Railway) added another 267 km along the line
from Rangoon to the city of Tonga through Pegu. The
branch was used to move rice from the valley to the
main port of Rangoon (now — Yangon).

Once connected to the Upper Burma railway was
extended to 354 km from Tonga to Mandalay in 1889.
Afterwards began the construction of the section from
Sigaine to Myitk Yina with tie points in Mandalay. With
the opening of the route in 1891, a continuous
1165 km line was stretching from Yangon to Myitk
Yina. In Sigaine railway came close to the Irrawaddy
River, through which cars were transported by ferries.
River bridge was opened only in 1934 with two lines.
One ofthem was designed for road transport, and the
other — for the rail. The bridge had been destroyed
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during the Second World War and was rebuilt in 1954
after the declaration of independence of Burma.

In 1942, Burma had a network with total length of
tracks of 3313 km, but in time of war 480 km of tracks
were demolished by the Japanese occupying forces.
By the end of armed conflict only 1085 km of lines
were in operation, which consisted of four isolated
networks. In 1961, the length of tracks suitable for
operation reached 3020 km and remained unchanged
until October 1970.

State Railways of Myanmar with new functions
were established on April 1, 1989. By 2000, their
length was of 5068 km, and by the end of 2008 — of
5128 km with account of double-track of the section
Yangon-Mandalay. A feature of the railway network is
that it is connected with the Yangon port and does not
have an access to such neighboring countries as
China, Thailand and India.

Factor for the development of railway infrastruc-
ture of any country is multi-dimensional indices,
characterizing the amount of loading and cargo
turnover not only in domestic traffic, but also in the
international. The latter depends on the kind of for-
eign trade of the State that demonstrates the impor-
tance of the national product sold in the global
markets. Therefore, the volume of exports and im-
ports of goods and their transit are largely deter-
mined by the development needs of the country’s
transport potential.

The analysis shows that the foreign trade turn-
over is mainly provided by railway system. And here
the existing interdependence led the Myanmar
leadership to pay special attention to the prospects
for growth of this particular sector. Moreover, it
should be emphasized that they had been consid-
ered at the very momentwhen in 2011 reforms were
initiated, involving the fight against corruption, the
stabilization of national currency, changes in taxa-
tion terms and procedure for the use of foreign
investment. That s, the re-evaluation of opportuni-
ties of railways had a background as a whole prom-
ising, but at the same time very obliging for long-
term program of modernization of the railway sys-
tem, its technical re-equipment declared for the
country’s benefit.

Resource of car technology

The car fleet is a set of complex and important
technical means, ensuring basic purpose of railways
that is transportation of passengers and cargo for
the national economy. Parameters, design and
technical condition of cars affect largely efficiency
and safety of transport operations. According to the
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Pic. 1. Covered car.

Pic. 3. Platform for timber.
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Pic. 5. Tank to transport gasoline.

purpose they are divided into two groups — pas-
senger and freight [4].

Freight cars depending on the type of transported
goods are classified into following types: tanks, gon-
dola cars, covered, platforms, hoppers, dumping
cars, refrigerators, etc.

Covered cars on railways of Myanmar (Pic. 1)
are designed for transportation of grain and other
bulk cargo, requiring protection against atmo-
spheric precipitation, as well as transportation of
non-bulk packaged and high-value goods. The car
has a closed body, usually equipped with doors and
apertures.

Gondola cars (Pic. 2) are designed for transpor-
tation of bulk cargoes (ore, coal, fluxes, timber, etc.),
containers, various machines etc. This type of car has
a body open from above, often equipped with un-
loading gates and sometimes doors.

Platforms on railways are used to transportlong
and bulky goods: they include timber, rolled pro-
ducts, building materials and semi-finished pro-
ducts, containers, cars, etc. (Pic. 3 and 4). Many
of the platforms have flooring on the frame and drop
side planking.

Pic. 4. Platform.

Pic. 6. Hopper-car.

Tanks(Pic. 5) transport liquid and gaseous cargoes:
oil, kerosene, gasoline, oil, acids, liquefied gases, etc. A
body of such a car is a boiler.

The specialized cars are designed for cargoes
requiring special conditions of transportation. This
group includes certain types of tanks for acids, gases
and other specific goods, hopper cars for grain, ferti-
lizer and fillers similar to them (Pic. 6), as well as cars
for technical needs of railways (repair cars, cars of
emergency and fire trains, etc.).

Ratio of 4-axle cars of all types is 76,6%, including
universal — 58%. The proportion of 2-axis universal
cars does not exceed 38%, and all specialized -
34,2% [5].

When operating car technology there are various
static and dynamic damages to parts of the rolling
stock. A significant proportion of the total number of
failures is damages to running gear: bogie frames,
wheel sets, parts of pivoted assembly. Statistical
analysis showed that the failures of running gears and
center plate arrangements are in the second place
after the failure of the body, as center plate arrange-
ments are subject to shock, vibration and static ef-
fects, often exceeding design loads, operate with
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virtually no lubrication in very dusty and sometimes
abrasive medium at elevated humidity and tempera-
ture [6].

Analysis of the wear in center plate arrangements

In terms of life extension of car techniques the
problem of wear of surfaces of center plate arrange-
ments acquired special importance for railways of
Myanmar.

Bogies for freight cars have different design op-
tions of center plate arrangements. Arrangements
are commonly used with center plate’ s diameter of
298 mm and center pad’s diameter of 305 mm. Cen-
ter plate scheme is shown in Pic. 7, and center pad
scheme — Pic. 85, 7].

To evaluate and analyze wear in center plate ar-
rangements the developed and tested calculation
method was used [8-10]. Calculated estimate of re-
source of center plate arrangement took into account
the parameters of operated cars, mileage, mechani-
cal properties of materials of center plates and center
pads, as well as characteristics of track, gross weight
of the car and a number of other factors that are es-
sential for the conditions of Myanmar.

The analysis resulted in several types of cars, the
main characteristics of which are given in Table 1
[5,7]. Their selection was based on the difference in
data on geometric dimensions and load capacity.

With the developed program [9, 10] numerical
experiments were conducted regarding the impact of
operational data and characteristics of railcars on
wear of bearing and cylindrical surfaces, taking into
account changes in the value of contact pressure.
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Under the influence of significant pressures and
relative movement of contacting surfaces a change
occurs in their size, shape, weight and condition of
the surface of center plate and center pad due to
destruction (wear) of the surface layer in friction and
hence wear value depends on the operating condi-
tions of the car and the properties of the materials
used in the manufacture and repair.

One of the most important factors determining
the wear of friction pair is the value of the contact
pressure. On cylindrical surfaces contact pressure is
unevenly distributed. In the junction cylindrical sur-
faces of center plate arrangements may have different
diameters due to possible manufacturing tolerances.

For center plate arrangements of freight cars the
size of the diameter of center plate is 298 (+ 1) mm,
that is, its size can vary within 2,0 mm and an inner
diameter of the center pad is 305(* 1) mm. Therefore,
for such a center plate arrangement the gap between
center plate and center pad may vary for different cars
from 5 to 9,35 mm.

For cylindrical surface of center plate arrange-
ment of covered car model GBHV, most prevalent on
the railways of Myanmar, an analysis was conducted
on the distribution of contact pressures depending
on the initial size of center plate and center pad. Pic. 9
shows distribution of contact pressure on cylindrical
surfaces for minimum tolerances of center plate and
center pad in the manufacture of center plate ar-
rangement (curve 1), nominal values of their dia-
meters(curve 2), and for maximum tolerances in their
manufacture (curve 3).

Pic. 9 shows that in the increase to the maximum
clearance between center plate and center pad the
contact zone decreases but the maximum pressure
increases. Diameters of center plate and center pad
approach minimum values, contact area expands,
maximum contact pressure reduces.

In [8-10] it is shown, that on working surfaces of
center plate arrangements during operation uneven
wear is observed, which depends on several factors.
Pic. 10 shows the change of wear on bearing sur-
faces of center plate arrangements of a covered car
model GBHV depending on the radius of track’s
curves and the amount of mileage. It is assumed that
the car throughout its motion has a maximum load
corresponding to the data in Table 1.

From these distributions in Pic. 10 it follows that,
depending on the characteristics of the track, the
radius of curves wear may vary by several times. For
example, when the mileage is 500 th. km on track with
radii of curves 700 and 300 m it increases from 1,85
to 4,32 mm. Therefore, assigning intervals between
repairs of center plate arrangements it is necessary
to take into account sections of the track on which the
train is operated, as well as its load, type of cargo
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Table 1
Features of freight cars of Myanmar

No | Type of car Model Base, mm Bearing capacity, t Dead
weight, t

1 Bogie covered high speed GBHV 7800 33 15
bogie wagon (covered car)

2 | Bogie open wagon (gondola car) SMBV 7500 35 13

3 Bogie longer container flat wagon WBCXHV 8391 31 15
(platform)

4 | Bogie L.P.G. tank wagon TBOHV 7772 30 15
(tank)

5 Bogie open rapid discharge MBDHV 7000 31.5 18.5
hopper wagon (hopper-car)
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Table 2

Maximum wear of cars of Myanmar

Car model Bearing surface Cylindrical surface
Maximum wear, mm | In percentage to covered car | Maximum wear, mm | In percentage
GBHYVY, % to covered car
GBHYVY, %
GBHV 4.32 100 4.1 100
SMBV 4.15 96 3.44 84
WBCXHV 4.31 99 4.48 109
TBOHV 3.85 89 4.15 101
MBDHV 4.16 97 3.1 76
Wear, mm
H
4 B
T —m— 400
Pic. 13. Change in wear of cylindrical '\-\-\!— ez
surface in center plate arrangement of 3 =]
a covered car model GBHV depending LH-‘_._' a0
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i U P (NP N I P P
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transported. Pic. 11 shows the change in wear in the
bearing surface of center plate arrangement of the
car under consideration depending on its load for the
mileage of 100 th. km.

Pic. 12 shows the distribution of wear on cylindri-
cal surfaces of center plate arrangements depending
on the mileage. In the longitudinal direction wear is
greater than in the transverse due to the direction of
pulling force acting on the car. The railways of Myan-
mar have a large number of curves with a small ra-
dius, in calculation their average value of 400 m was
taken.

In real conditions en route of cars there are dif-
ferent curve radii, and their influence on the design
ofthe car type GBHV is shown in Pic. 13. It follows that
when the radius of the curve of the track increases,
wear of cylindrical surfaces of center plate arrange-
ments decreases.

For all cars of Table 1 similar numerical experi-
ments were carried out that have shown that wear on
bearing surfaces depends on the radii of curves, the
car’s mileage and their bearing capacity. The findings
prove: with increasing mileage and the gross weight
of the car, as well as decreasing radii of curves there
is an increased wear. The distribution pattern of wear
for all types of cars maintains, but numerical values
vary up to 25%. The maximum wear values are shown
in Table 2.

Wear on cylindrical surfaces of all considered
cars have shown that in a decrease in the value of
mileage and increase in the radius of the curve in the
track wear in center plate arrangement has less
value. If the angle of rotation changes, the wear vari-
es nonlinearly.

For different types of cars wear of center plate
arrangements depends on their base and gross
weight. Based on these data we can construct nomo-
grams to help identify resource of any car, operated
on a particular section of the track, or on the entire
railway network in Myanmar. However, the same can
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Angular coordinate, rad.

be stated for service life of center plate arrangements
(Pic. 14).

Pic. 14 shows the maximum wear is fixed in center
plate arrangements located under the covered car
model GBHV. This is due to the fact that it has a large
gross weight and base. Tank for transportation of oil
products model TBOHV has the least value of wear in
center plate arrangements out of considered cars
because during the calculations it was taken into ac-
count that in one direction it is laden, and in the op-
posite direction it is empty.

These data allow to reasonably assigning control
measurements of wear of elements of center plate
arrangements for different types of cars.

In order to calculate possible structural changes
in center plate arrangements for special cars wear was
studied depending on various diameters of center plate
and center pad. Calculation concerned center plate
arrangement with the diameter from 250 to 400 mm,
the mean radius of curves was 400 m (Pic. 15). It was
found out that with decreasing diameter up to 250 mm
wear increases more rapidly than its decrease occurs
with increase in its diameter up to 400 mm.

Conclusions.

1. The reforms that began in 2011 in the Republic
of the Union of Myanmar provided for accelerated
development of transport, particularly railways. Long-
term program of modernization of the railway system
was elaborated.

2. Increase in traffic involves improving the qual-
ity of railway equipment that is provided by timely
maintenance and repair, so it is necessary to know
the exact terms of replacement or repair of worn parts
and components.

3. The analysis of freight car fleet in Myanmar
showed that depending on the type of cargo different
types of cars are used, with the difference of gross
weight and dimensions, so when driving in curves with
different radii bearing and cylindrical surfaces of
center plate arrangements wear unevenly.
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4. Numerical experiments have revealed that
the service life of center plate arrangement is
greatly affected by the base, gross weight of the
car, as well as operating conditions — the presence
of curves of small radii, causing rotation of center
plate relative to center pad to a greater angle. It is
found that for different cars operating life of cen-
ter plate arrangement may vary by 2,5 times when
moving in one and the same section of railway
track.
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