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pesnue: B paflomama ca uzcnednaHu ccworuz1ycrcdoulu ce Qpurc4uoH$u mpenmeHufl Ha

ilcene3onbmHa penca npu douuceuue ua nodsuctceH Jrcere3onbmeH cbcmas npu $nucoaHe B Kpuea.

Oflercmtm ua uscnedeanemo e uodenupau Kamo cucmeMa c pasnpedereHu napcMempu.

Tpenmeuttnma Ha pe,ilcama ce ets6yucdam om uetuuefiuoma cutto Ha mpueHe, sasuceula om

penamunHama cKopocm Hamb3laHe ile,Tr:r:;:?#i;r:encama' 3adauama e peueHa 6

Knruqoeu dyuu: @pmqraouur{ TpenreH}rr, crrcreMll c pa3npeAeJleHlr napaMsrpu, MKE.

I BrseAenne

gacr or carvroorc6yxAalqlrre ce Qpuruuonnu
TpenTeHI,L oT ABHXeHI4eTO Ha noABIl)KHI',I-f, )KII

cbcraB (ID{trIC) B KpaBa, ca npeAI'I3BI'IKaHH or
npHruIb3BaHeTO Ha KOJIeJIaTa cnprMo pencaTa B

HanpeqHa nocoKa [Glocker, 2009, Chen, 2007,

Chiello, 2006). Cnopeg npaBurloro na Rudd, uryu

or ABmI(eHHe na IDIIIIC B KpI'IBa HflMa Aa BI3HHKHe

aKo paAHycrr' fi e R > 100b (rcs4ero b e 6aslra ua

rararara). Karo qrlo rBJIeHHero He ce npoflBrBa

flpn KpHBOnHHeeH yqacTbK c pa4vryc flo-l'oJlflM oT

500 rr,l, AoKaro rrpu TaKbB c paAl{yc no-MaJIbK or
200 ur ro e xapaKrepno [Thompson 2009].

Ha tfrr. I ca npe.qcraBeHn ABa Bb3MoxHH

cnf{afl npu Bn[IcBaHe Ha raJII,Ira B KpI'IBa. Ha Qr'rr.
la e npe4craBeH cJr1"{arr, n rofiro ABere KoJroocn

rrJrb3Bar B Ha[peqHa [ocoKa Ha pencara, a Ha $un.
16 e npe.qcraBeH cJqrqait, npu xofiro nJIB3ra caMo

eAHaTa, a ApyraTa e He[oABI,IxHa CnpflMo pencaTa B

To3rr MoMeHT. Ilo-uaramr ue ce pa3rnexAar

cborBerHo xaro cl5ruafi A u cnyla,it E'
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I{elra Ha pa6orara e Aa ce H3cJIeABar

QprnruuonHl,ITe rpenreHr4s Ha peJlcara B ABara

cJrfrar. O6errrr Ha H3cneABaHero e MoAeJrI'IpaH

t4

Karo clrcreMa c pa3[peAeJIeHH flapaMerpl'r, c

ortrr,rraHe Ha BcrpeluHoro cbnpotusreHue. Karo
rrs6yAzrer Ha rpelTreHwtffa ce B3eMa npeABH,q

caMo npoeKw4flTa Ha cHJIara Ha rpHeHe B HanpeqHa

rocoKa Ha peJlcara ($nr. 1).

2 finnarlrrrreu MoAen

,{nuanauuulrre MoAeJr}I Ha peJlcara B ABara

cnyqafl ca noKEBaHu na Snr. 2, rcaro aa $ur- 2a ca

rrpuJrolr(eHl,I ABe caltr Ha rpHeHe (Cnyuait A)
Aeficrsalqr no ocra y, a Ha $ur. 26 e cBbp3aHa

AOnbJTHHTeJIHa Maca flfu KTM peJICaTa, c KotTo ce

MOAeJrHpa [pplcbeAl,IHeHara KbM peJloara KoJIooc.

I4screAsa ce BbHIrIHara peJlca, Korro e

npeAcTaBeHa KaTo MHoroonopHa eJIacTI'Ir{Ha rpeAa.

Pagcrosnr.rgro MexAy onopuTe e L u e cto6pa:eHo
c AeftcrsauuTe craHAap'ru. Pelcara e rnn UIC60

ITSI 20061. Onopure A1 ca ilpfletv 3a HAeanHy^.

llopaau orHocI,ITerHo ManKara AbJIxHHa Ha

r,r3cJreABaHHs o6erct cflpf,Mo paAldyca Ha KpHBHHa

Ha rIBTfl, pencara e MoAeJrupaHa KaTo npaBa fpeAa.
Tasu [peAnocraBKa He npoMeHfl cblqecrBeHo

co6c'rnegnre qecrcrru Ha cucreMara, Kolrro ca
ocHoBeH rprrepufi npfl I{3cJreABaHero Ha

SpuxqnoHnu rpemeHnt [Sinapov, 2010,
Kononenko, 1980]. Or curn:re, Aeficrsarqu MexAy
KOJIeJTOTO vI peJlcaTa, OCHOBHO BItId,JJile 34

aBToTpe[TeHEtffa I,IMa npoeKllytsffA HA CI4JraTa Ha
TpHeHe npH nrrb3rarue (F) B Ha[peqHa rrocoKa Ha
perrcara [Thompson 2009]. flpuero e, ue ,F7 e c
nocrosHHo HanpaBneHue (FAll2, Karo B MoAeJra
H3CJTeABaT CaMO Halper{Hr,ITe TpenTeHLIJr Ha
pencara, ers6yAeun or npoMeHJrHBara Spux-
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rIr{oHHa cvfia. YcyxraHero v oraBaHeTo B5B
BepTHKrIJrHa IIOCOKa Ha pencaTa He ca oTqr{TaHr{.

TperrreHu-rra Ha rpeAara B ABara ctrytat (A u
D, ce onlrcBar cbc cucreMa qacrHn Ar.r$e-
peHqHaJrHH ypaBHeHH, or r{erBbpru pea [Belni-
kolovsky,2008l:

3asHcnMocr-ra Ha cHJrr4Te Ha rpneHe or
cKopocrra Ha rrJrt3raHe e [oKa3ana na Qur. 3.

B naAatr1u-, f{acrtK Te ca onucaHn c xy6ruHo
ypaBHeHr.re [Kononenko, 1980]:

04 y r(x,t) dZ y,-(x,t)(l) EI, ---t--+ pA---!l--=0,
0x* 0t"

KbAero k:1+l I onpe4elr )rqacrbKa, H:
p - rHbTHocTTa Ha MaTepr,r{ura;

E - rrao4yn Ha eIacTHrrHocT Ha MaTepl{:rna;
A - ttw$ro Ha ceqeHHgro;
I, - uuepquoHeH MoMeHT.

fpaunvuare ycnoBr4, 3a ror{KHTe
3aKpe[BaHe 3a MoAena ta $ur.2a ca:

(2) yu,(xn,,t) =0,fuff=0.

F/1=ち ―aL十ちイ十亀J,

F/2=ち ~｀
L+ちt+ちt,

6)

ΦИ「.2

t6リ

(9)

fpaHN.rHr,rre ycroBu-s 3a Tor{Kllre, B Kor{To ca
flpr{JroxeHr{ cLUtufie Ha rprreHe, cbruracHo Svrr.2a
(Cryuafi A) npu x: 5/2 L s x: I 3/2L ca:

,ri\ a'yrlltg a'yr11t,4\J' EIz-G--tt"-f,=ro-gr=Frt,

^3 .13. \ ^1 .13_
, ,\ d" ysl- L,t) d'yr(- L,t)(+/ r,,--55-- tt,--f=Qn-e,= Fr,,

fpauuvnure ycroBns za cryreifi E ($wr.21)
npn x: 5/2 L u x: I 3/2 L ctorBerHo ca:

乳字 tttt-23~F/9
0乳

ψ ―乳ψ 議ズ誓切.

HaЧ aЛ HИ ycЛ oBИЯ ca:

二ちρ

ueT° L=埼
~チ∝期,L=b~チⅨサιtt Ca

peJraTHBHHTe CKOpOCTH Ha rurb3naHe Mexly
KOJIeJIaTa I,I peJICaTa, va e CKOpOCTTa Ha IUIb3raHe Ha
KoJleJroro B aKcr,raJrHa flocoKa, a b, b1, b2, bj ca
noJIo)KHTeJIHT{ KoHcraHTIr. 3a HaMauLgBaHe Ha
H3qrrcJr[TeJruara pa6ora e np[rero, qe rpueHero e

caMo tpyt rurb3raHe, r.e. ,or$Vf]r,Ol kr

b>チレ(醤ι,′ )]・

らの

vn urr?r)
Our.3

3 Moae.lrpaue c MKE

3a peueunero Ha ypaBHeHr{rra, orrllcBalqu
ABara cJDrritrr, ce H3rroJBBa MKE, Karo rpeAara ce
pa3AeJu Ha n Ha 6pofi xpafiHr.r eJreMeHTH (0rr. a)
[Singiresu 2004, Reddy 1984, Nikolov, 2008], rru
BCeKU Bb3eJI Ha KOHTO HMa no ABe CTe[eHLI Ha
cno6oga - rpeMecrBaue y,(x,t) r{ 3aBbpraHe O,(x,t)

oKoJIO OC Z.

ギキ

@nr.4
Marpuqure Ha Macara H Ha eracrvqHocrra Ha

rcpafiuna eJreMeHT ca:(7) ル脚 甲 4
15



Mexannxa Ha MaIITHHIITe

(10) μ
E

flpu tfoprrar.rpaHero Ha nno6anHl4re Marplluu ce

pa6orr.r c rlo6alsu KoopAHHarH:

パ)=竹 ,4)=229ツP=ノP=“
"

(11) al)=42)=“ 4'¨ ・̈ツ

'・

)=ツ「)=“

"J
4・

1)=4′)=夕
279…ツタ)=“ 2″+2'4″

)="2″
+2'

rcbAero c u1 (i:1,...,2n+2) ca o6oeHaqeHu I'ro6al-
HHTe creneHu Ha cno6oAa. flo ro3I'I HarlI'IH

.qr,rtpepenquaJlHure ypaBHeHHq ce npeAcraB{T Karo

cucreMa ot 2n+2 o6urHoseHn .quQepenqr'ranuu
ypaBHeHHf or BropH peA I,l cJIeA TOBa ce H3BaXAar

rpaHrrrrHnre ycJIoBHr. .(nQepeuquaJlHuTe ypaBHe-

Hna3aABara cryqa, (A u D Ao6uear erAa

(12) lr")tn\+[c']{ri} *[K']{,} ={.'},

rcAero c l t) u ttr] 3a o3Har{eHH cborBerHo

Marpnqure Ha MacI{Te v eJIacrIr{HocrI'ITe (c

r.BBaAeHH rpaHruHn yclonux). C {ul u {F'\ ca

o3HaqeHI,I CIOTBeTHO BeKrOpI,ITe Ha Bb3JIOBI',ITe

[peMecTBaHHfl I{ Bb3JIOBI{Te CHiIIl.

[t']= olu')+ olx') - e Marpuuara Ha

ger'rnQr,rpane Ha Rayleigh [Chankov 2007].

4. {nc.neuo pemenf,e

Hsnorgsat ce cJIeAHHTe napaMerpa 3a

rrrrcJreHoro peuleHlre [TSI 2006): Z:0,58 m,

bl,l.l}tt; /,=515.10-5 # p = 7850 xg/m3, eo=6

ils, F75,87e4 fr2, bo=3750, bf325, bz:0,
b3:1,75 , d=0, B:3,4589.10r mt2500 kg.

Co6crseHI,ITe qecroru Ha cl'IcreMara ca

npecMerHarll c Matlab qpe3 pelxeHne Ha xoMoreH-

Hara qacr Ha ypaBHeHue (12),6eg orquraHe Ha

gerran{npanero. Croftsocrure Ha co6crseHllre
rrecrorl,r B ABara cJrflaf, ca AaAeHIr s ra6rl'Iqa l:

Tadnuqa I
C.nyuafi

り

″

日

・３′
i調
糾惇:]」争

5
npeAcraBeHo rpeMecrB awro y(:L'l) , orronaprulo

Ha ruraBHa KoopAuHara (u18), a ua Qur. 6 e

noKasaHo npeMecrBaH "* ,flt,/), orronaprqo

Ha ruIaBHa KoopAllHara (ua\.Ha $nr. 7 e noragan

cneKrpanHln fl alanfii3 Ha qucJleHoro peuleHue. Or
pe3ynTaTa ce BI,lxAa, qe qecToTaTa Ha TperreHHrTa

cbBnaAa c r{srBbprara co6crseHa qecrora Ha

MexaHr4rrHara cucreMa (Ta6n. l, Cnyuafi A).
Ha $nr. 8 r.r tbrr. 9, ca nPeAc'raBeHH

cboTBeTHO [peMecTBaHeTo H cneKrpur}lvt[ aHaJII',I3

5
Ha Bb3eJr c ruraBHa KoopAuHara u18:y(=L,t) 3a

crryuafi.5'(gnuart,tuvHtl MoAen na Qr'rr. 26), u rmel

c rrraBHa KoopAuHara ull : y1l r,t) . Ha Qur.l0 e"2
noKa3aH I,I3BbpIIIeHInf, cneKTptrJteH aHaJIH3 Ha'
peureHHero, KaTo pe3ynTarbr noKa:tBa qe

cucreMara rpenrl{ c qecrora 872 llz, Koero e

npn6ausureluo [erara co6ctnesa qecrora

cbrJlacHo ra6.n. l, Cayuail E.
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YpaaHeuua (12) ca perIeHL c noMol{Ta Ha

Matlab-Simulink. Ha $,ar. 5 u $rar. 6 ca

npeAcraBeHn peueHntra sa clyvaft A. Ha Sr'rr. 5 e

l6

807Hz

OrEr. 6
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Enazodapnocmu
* Hayuuume uzctedeauun, Koumo ca npedcmaoeuu

e Hacmonulama ny6nuxaqun ca QuuaucupaHu om (Doud
HayvHu uscnedoauun no doeoeop lMY 03/8.

FRICTION INDUCED VIBRATIONS OFA RAIL

Petko SINAPOV Ivan KRALOV Igrrat IGNATOV Krasimir
NEDELCHEV

p_sinapov@abv.bg laalov@tu-sofi a.bg i_ignatov @ tu-sofi a-bg
krasined@tu-sofia"bg

Technical University Sofia, Department of Mechanics

Abstract: A model of rail, considered as multiple
supported beam, subjected onfriction induced

vibrotion is studied in this work using FEM. The
model is presented as continuous system and the
mass and elastic properties of a real object are

talren into account. Thefrictionforces are nonlinear
functions of the relative velocity during slipping.

The problem is solved using Matlab Simulink

Key words: friction vibrations, continuous systems,
FEM.
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4 3anlrorreutre

B pa6orara ca rBcJreABaHH $prxrtno*rsn
canaorm6yxgarqu ce rpenreHr,r, Ha cr,rcreMa c
pa3npeAeneHr{ napaMerpu (xeaesorrbrHa penca),
MoAeJrr{paHa c MKE. I{sclegra ce ycraHoBeu
pexr.rM (craquonapeu npoqec) c orqr,rraHe Ha
BbTperrrHoTo gerr.rn<[upaHe Ha cHcTeMaTa. Ha 6a3a
Ha r{[cJreHoTo perxeHHe ce ycTaHoBH:

- a Ctyuail A cucreuara rpenrr{ c qecrora
807 Hz, npu6.uusureJrHo paBHa Ha rrerBbprara
co6cTBeHa qecroTa;

- z Cnyuail E cucreuara rpenrn c qecrora
872 H4 npu6lusrreluo paBHa Ha nerara
co6crBeHa qecrora.

3a Aaara cJrfra, qecrortrre ca c pa3JrHqHH, Ho
c 6ansrc{ croftHocru, Koero rpr6ra Aa ce HMa
[peABr,rA o 6r4eu1u n3cJreABaHr.r{.
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