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Angarna. Makaiaaa >KOFapbl JKbULIAMIIBIKTBI JKEP YCTI KOJIriHAEe CHHXPOHJbI TapTKBIIIBI Oap
JKENMUITIK 3NIEKTP KO3FANTKBIMITAPBIHIA JKYMBIC iCTEy Ke3iHAe Maiaa OONaThiH opTYpil KYIITEPIiH
HYCKaJapbl KapacTbIpblIaibpl. DKUNaKFa OYHip OaFbITTa CBIPTKBI 9CEp €TETiH HETi3r KYLITEp aHBIKTAJIIbI.
OKUNKIAPABIH Kayilci3 »YMBIC ICTEYyiH KaMTaMachl3 €Ty YIIIH Makaiajga e3 Ke3€TiHAC IKOJJIbIH
OTKI3TIII 3JIEMEHTTEpl 0ap CHHXPOHIBI KO3FAITKBIITAPIBI KO3IBIPY PETIHIAEC OpEKeT eTe ajaTblH
OKUMAXKAAFBl ©T€ OTKI3TILI 3JIEKTPOMAarHUTTEpAiH OaiIaHbICChI3 ©3apa 9pEeKeTTecy KYILITEpiH
OaFpITTayIIBIIIAPMEH OTey YChHBUIa b [1leTene xy3ere achlpblIFal CyCIeH3us )KyHeciMeH CHHXPOH/IBI
TapTy MeH OaFbITTBIH KYPBUIBIMIBIK apaiiac xyhenepi Tammanabl. CHHXPOHABI TapTy JKOHE OaFbITTHIH
OipiKTipiireH XyWenepiHiH opaManapblH KOCYIBIH erKei-TerKein cxemanapsl YChIHBUTFaH. Makanana
CHHXPOHJBI TapTy MeH OaFbITTBIH OIipIKTIPITeH XYWelepiH KOJNJaHy JKarJailbiHIa OarbITTayIIbl
KYIITEP/i €CenTey YIIiH MaTeMaTUKAaJIbIK anmapaT YChIHBUIFaH.

Tyi#ingi ce3mep: xep ycTi Kedmiri, apaimac Xywhenep, CYCHEH3Us JJIEKTPOMArHUTTEpPi, KOI
KYPBUTBIMBI, CHHXPOH/IbI KO3FAJITKBIII, TEXKETII KYII, YJIEKTPOJUHAMUKAIBIK KYII, HHAYKTUBTLUTIK.
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Abstract. When a car enters a curve, there is a horizontal impact of the comb against the rail
head and a different rotation of the car in the plane. Such motion is commonly referred to as impact car
entry into a curve. The resulting interaction forces should be considered when calculating the strength and
stability of the car against derailment and overturning.

The process of car entrance into a curve is considered in the case when wheels combs of front
bogie simultaneously touch the outer rail from the beginning of a curve and bogies together with the spot
section of the body gets centripetal acceleration - rotation of the body in transverse vertical plane and in
plane due to gaps between side slides and deformation of springs.

In addition, it is possible when the front bogie crests at the beginning of the curve are away from
the edge of the outer rail on the size of the gap, when there is an impact interaction of the front wheel
crest with the outer rail, accompanied by the rotation of the bogie frame relative to the vertical axis in the
plan until the rear wheel crest comes into contact, after which the front bogie and the body plate acquire
centripetal acceleration.

The bogie crane in the transverse vertical plane occurs due to the gaps between the side slides and
then due to the vertical deformation of the springs of the spring set.

The aim of the research is to reveal the peculiarities of freight bogie design with elastic-coupling
links when moving in a curved section. The paper considers bogie designs with elastic-tie connections
which connect wheel pairs with bogie frame. This design refers to such bogies as Barber-2-S, ZK-1.
There are also shown the calculation diagrams of forces acting on wheel pairs during the movement of the
cart in a curve; the equations of resultant forces on wheel pairs, the equations of resultant forces on the
cart frame in the horizontal plane are given. The dependence which determines the bogie resistance force
is defined. Such a design allows to make progressive movements along the track and rotary movements
around the vertical axis by moving the horizontal forces of reaction of the rails on the wheels. If the latter
do not exceed the Coulomb friction forces, it is possible to hold the wheelsets in strictly radial directions.
This prevents the wheels from slipping on the rails.

Keywords: cart frame, radial installation, conicity, elastoviscous communication, balance of
forces, wheel slip.

YK 625.242 10.52167/1609-1817-2021-116-1-95-102

C.T. Axaros!, H.3. CyaeeBal, M.JK. Typke6aen'
1Kazaxckas akajgemus TpaHCHOpPTa U KOMMYyHUKaui uM. M. TeiHblmnaesa, r. Anmatsl, Kazaxcran

JBUKEHUE T'PY30BOM TEJIEXKKH C YIIPYT' O-BSI3KUMU CBSI3SIMHA HA
KPUBOM YYACTKE IIYTU

AnHoTauus. llens uccnenoBaHUs — PacKpbITh OCOOCHHOCTH KOHCTPYKLUHU T'PY30BOM
TEJNEKKU C YIPYro-B3KMMH CBSI3SIMA TIpY JIBIDKEHHMM Ha KPHUBOM ydacTke. B craThe
pacCMOTpPEHbl KOHCTPYKIMHM TEJEXKEK C NPUMEHEHHEM YHpPYTo-BsI3KMX CBsi3eil, KOTOpbIe
COCAMHSAIOT KOJECHBIE Tapbl ¢ pamMol TeneXkd. JlaHHas KOHCTPYKIHUS OTHOCHUTCS K TaKUM
Tenexxkam kak Barber-2-S, ZK-1. B crarbe Takke IOKa3aHbl pacyeTHBIE CXEMBbI CHII,
NEHCTBYIOIINX HA KOJIECHBIC TTAphI TPH JBIKEHUH TEICKKHA Ha KPHBOM y4YacTKe, JEHCTBYIOIINX
Ha paMy TeNeXKH, IpU ee JIBUKEHUU B KpUBOW. [IpHBeneHbl ypaBHEHHUS PaBHOAECHUCTBYIOLINX
CHJI Ha KOJIECHBIE TIapbl, YpaBHEHHS pPABHOJCHCTBYIONIMX CHJI Ha paMy TEIeXKKH B
TOPU3OHTAILHOW  MIOcKocTH.  OrmpeneneHa 3aBUCUMOCTb, KOTOpas —ONpeAeNsieT  CUIy
CONIPOTHBIICHUSI TENEXKKU. Takas KOHCTPYKIUS TI03BOJIIET COBEpIIATh TOCTyMaTeIbHbIE
JIBYDKEHUS BJIOJIb IyTH U ITOBOPOTHBIE BOKPYT BEPTUKAIBHOM OCH, MepeMelias ropu30HTalbHbIe
CHJIBI PEaKINH PeIbCcoB Ha Kojieca. Ecim mocneHue He MPeBBIIAOT 110 BETHYMHE KyJTOHOBCKUX
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CUJI TPCHUA, TO BO3BMOKHO YACPKUBATH KOJICCHBIC ITapbl B CTPOI'0 paaraIbHBIX HaIlpaBJICHUAX.
DTO MO3BOJISET U30EXKATh IMPOCKAJIb3bIBAHHA KOJICC I10 PCJIbCaM.

KiaroueBble cjioBa: paMa TCIICKKHU, paaralibHAsA YCTAHOBKA, KOHYCHOCTD, YIIPYI'O-BsA3Kas
CBs3b, PABHOBCCHUEC CHUJI, TPOCKAJIb3bIBAHUC KOJICC.

B nacrosiee BpeMs Ha MPOCTPAHCTBE
kosien 1520 mosBUIIOCH HECKOJIBKO MOJEJeH
TENEKEK C YNPYro-BA3KUMH CBS3SIMU, K HUM

OTHOCHUTCS Barber-2-S(Poccus), ZK-
1(Kaszaxcran). VYupyro-Bsaskas CBSI3b
oOpazyercs 3a cuér MIPOKJIAJIKH,

YCTaHABJIMBAEMOM MexJy OOKOBOM pamoil U
ajanTepoM, KOTOpPBIA, B CBOK O4YEpelb,
ONMpaeTcs Ha KOpIyc KAacCETHOT O
nommunuauka [ 1,2].

Tak kak pama TeNeXKKU COEIMHEHA C
KOJIECHBIMM  [apaMd B  TOPU3OHTAIBHOU
MJIOCKOCTH  YIIPYTO-BS3KUMH  CBSI3SIMH, 4YTO
BCJIEZICTBUE 3TOTO MPHU JIBUKEHUM TEIIEKKH B
KpUBOH, KOJIECHbIE Hapbl OyIyT CTPEMUTHCA
3aHATh PaJAMAIBbHYIO YCTaHOBKY. Ilpu 3TOM,
MEXy paMOt TEIEeKKH B OyKCaMH KOJIECHBIX
nap BO3HUKHYT TOPU30HTAJbHbIE  CHJIBI
YVIOPYrOCTH  CBSI3€H, HAIpaBlI€HHbIE  JUIS
Ka)XJI0M KOJIECHOM mapbl B IPOTHUBOIOJI0KHbBIE
CTOPOHBI, CTPEMSIIIHECS Pa3BepPHYTh HX U3
MOJIOKEHUS PaJiMaJIbHON YCTaHOBKH [2,4].

[TokaxeM, 4TO, HE CMOTpS Ha 3TO,
Onarogaps TOPU30HTAIBHBIM CHJIAM pEeaKlUuu

F,;« DEIbCOB Ha KOIleCa, €CIU MOCIEIHUE HE
MPEBBIMNIAIOT IO BEIWMYMHE KYJIOHOBBIX CHJII

TPEHUs, pPaJHaIbHAs] YCTAaHOBKA KOJIECHBIX
nap B KPUBBIX BO3MOKHA.

CKOpOCTh  JIBIJKEHUSI DJKUINAXKEH B
KpUBOil OyaeM cuuTaThb MOCTOSHHOM M IO
BEJIIMYUHE PABHOM TOW, MpU KOTOPOHU
HEHTPOOEKHBIE CHJIBI  YPAaBHOBEUIMBAIOTCS
COCTABJISIFOLIUMU cui TSKECTH oT
BO3BBILLEHUS HAPYKHOIO pebCa.

bynem CUHTAaTh, 4TO B
paccMaTpuBaeMoOl  KpUBOM  BeIMYMHA  §
JIOCTATOYHA JUUI KA4E€HHs KOJIECHBIX Iap B MX
paaraIbHON YCTaHOBKE.

[Ippu  nBWKEHMHM  BKUDAXa  IOpHU
paguanbHOM YCTAaHOBKE KOJIECHBIX IIap BCE
€ro TOYKM ONMUCHIBAIOT B TOPU3OHTAIBHON
IUIOCKOCTH KOHLIEHTPUYECKHE TpaeKTopuu. B
CBA3U C 3THM, MPEICTABISAETCA BO3MOKHBIM

paccMOTpeTb  KMHETOCTATHKY  JIBUIKEHUS
KaXKIOM TEJIEXKKHU B OTAEIbHOCTH [5-8].
ITycts a=1/R; — yron Mexny

paaralbHONW OCBIO KOpITyca TENEXKU U OChIO
BpAIllCHHSI KOJIECHOW TMapbl €€ paaualbHON
YCTaHOBKHU B KPUBOIA.

Hanumem ypaBHeHHS paBHOBECHS
CUJI, JEHUCTBYIOLMX HAa KOJIECHbIE I1apbl
(Pucynoxk 1).

Jns mepeiHel KOJIEeCHOM apbl UMEEM:
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Puc. 1 — Pacuernas cxema cuJi, IEHCTBYIOLINX Ha KOJIECHBIE Maphl, IPU IBMKEHUH TEJIEKKH B KPUBOU
Fig. 1 - Calculation of forces acting on wheelsets when a cart moves in a curve

Jns 3aiHEN KOJIECHOW Mapbl UMEEM:

Z‘X = —F)jx —Fipe — Q31 @72, =0

— pe c —
Moy}' - Fﬂixrll + Hlf.r g = Qo = 0

@)
ZMD-_,.Z =(Fi, + 5, ) h—(Qyy, + Qp JH=0
Ine:
{Q:En ==, (ayH — Ay,) 4)
Q52, = ¢, (apH — Ag)
Paspemas cucremy (1), ¢ yuerom (2) Haxoaum:
B e
R = 2600 i e
| =i () Q
RS L Gk Shweew) ket
(Qfar = i, (15 502) + 2

98



KasKKA Xa6apuibicel N2 1 (116), 2021
BectHuk KasATK Ne 1 (116), 2021

ISSN 1609-1817
www.kazatk.kz

The Bulletin of KazATC
2021,Vol. 116, No. 1

Pazpemas cucremy (3), ¢ yuerom (4) HaXOIUM:
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[TokaxeM, 4YTO pama JBYXOCHOU HEKOTOPYIO MPOJOIBHYIO cuiy [
TEJIC)KKH BO BPpEMA JBUIKCHUS B KpHBOfI 6y,HeT HAIIPABJIEHHYIO B CTOPOHY JBUKECHUSL.
COXpaHATb CBOC Ha4aJIbHOC B3alMHOC C »Tout LEIBI0 HANMUIIEM YypaBHEHUS
PAaCIIOJIOKCHHUEC  OTHOCUTCIIBHO  paJualibHO paBHOBECUSI CUJL, HeﬁCTBYIOHIHX Ha pamy
PacCIIOJIOKCHHBIX KOJIECHBIX TIap, €CJIM K €€  TeneKKU B TOPU3OHTAIBHOM IUNIOCKOCTH:
IMATUKY OT IIKBOPHA Ky30Ba MNPHUJIOKHUTDL JIMIIb
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Puc. 2 — PacueTHas cxema cuj, I€ACTBYIOIIUX HA paMy TEJIEXKKHU, IPU €€ ABMKEHUU B KPUBOU
Fig. 2 - Calculation of forces acting on the cart frame, when it moves in a curve

YuutsiBas 4), IPUXOIUM K  ypaBHeHus (7) TmOJy4uM 3aBUCUMOCTb,
3aKJIFOYECHUIO, 4TO ypaBHEHUE (8)  ompenenstoUIyIO CUILY COIPOTUBIICHHUS

YAOBJIETBOPSAETCS  TOXIECTBEHHO, a U3  TEICKKHU:

q1y 42y Hil iy =1y 1y — 1y
Q. = z( : — ) + 2c, — ®)
rg T Ty T hRy\ryy; + 15, 1y 135
Orcrona CIIETyET, 4TO npu  paxuyca R, Moma  KaTuTbcs  0Oe3
JIOCTaTOYHOM BEJIMYMHE KOHYCHOCTH

MOBEPXHOCTU KaTaHUsl KOJIECHBIE TMapbl B
KPUBON COXPAHSIOT PaguajbHOE MOJ0KEHUE
TOJILKO O/ JeUCTBUEM BHEIIIHEH
IPOJOJIBHOW CHIBI @,,, NPUIOKEHHOH OT
IIKBOPHS KY30Ba K MSATHUKY PaMbl TEIEXKKH.

Kak Obuto TmOKa3zaHO paHee, 4YTOOBI I-s
KOJIECHAsi Mapa B KPUBOM YYacTKE IyTH

99

MIPOCKAJIBb3BIBAHHUS KOJIEC MO penbcam (T.e. B
pazuaibHOM TMOJIOKEHHUM), €l HeoOXO0JUMOo
CIBUHYTBHCS TONEpEeK MyTH Ha BEJIUYMHY ¥V,
onpezensieMyto paseHcTsoM [9,10]:
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Angarna. 3epTTeyliH MakcaThl - KHCHIK aiMakTa KO3Faly Ke3iHA€ CepHiMIi-TYTKbIP
OaitanbicTapbl Oap YK apOachIHBbIH AM3aliH EpeKIICIKTepiH amry. Makanaga JOHFalaK >KYITapbiH
apOaHBIH KaKTayblHa KOCATBIH CEpIiMII-TYTKbIp OalaHbICTapAbl KOJJAaHAa OTHIPHIN, apOaimapibiy
MU3aiiHbl KapacTelpbUtraH. bynm mmsaitn Barber-2-S, ZK-1 cuskrer apOanmapra kateicTel. Makanana
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COHBIMEH KaTap KYIITEpJiH eCeNTelIreH CXeManapbl KepCETUIreH; TpOJUIeHOyC KHUCHIK aiMaKTa
KO3FaJIFaH/ia JOHFAIAK JKYIITAphIHA oCep eTelli; apOaHbIH XKAKTayblHA 9CEP CTETIH, OHBIH KUCHIK CBHI3BIKTA
KO3FaJIBICHI Ke3iH/e MOHFAJIaK >KYNTaphIHA 9CEp €TETiH KYIITEPAiH TeHAEYJepi, KOIIeHeH Ka3bIKTHIKTa
apOaHbIH JKaKTayblHA 9CEp €TEeTiH KYIUTEpAiH TeHIeylepi KenTipiareH. ApOaHbIH KapCbUIBIK KYIIiH
AHBIKTATBIH TOYENAUTIK aHBIKTANAbl. byn auM3aliH penbCTepliH KeNJIeHEH peaknus KYLITepiH
JIOHFaJaKTapFa J>KbUDKBITY apKbUIBI JKOJ OOWBIMEH J>KOHE TIK OCHTIH alHalachlHIA ayaapMaibl
KO3FaJIbICTap jKacayFa MYMKIHAIK Oepeni. Erep COHFBICH KyMOHABIK YHKEINIC KYIITEPiHiH MeJImepiHeH
acrmaca, OHJIa JOHFaJlaK >KYNTapblH KaTaH paguaiabl OarblTTa ycrayra Oonaabl. byn moHramakTapablH
peNbcTepMEH ChIpFaHaybl OOJIBIpMayFa MyMKIHIIK Oepeti.

Tyi#linai ce3aep: apOaHBIH JKaKTaybl, paavaiIbl KOHIBIPFBI, KOHYCTBIK, CEPITIMII-TYTKBIP
OaiinaHbIC, KYIITEPAiH TeNe-TeHIIT1, JOHFaJaKTapAbIH ChIpFaHAYHI.
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