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MATHEMATICAL MODELLING OF FASTENING WITH CARGOES
DISPLACEMENT TRANSVERSE TO WAGON

Summary. The article has considered the situation when rtlechanical system
“wagon — fastening — cargo” is influenced by traarse and vertical forces. It has given
the results of mathematical modeling constructibrcargo in wagon running on the
curve section of track. It has stated the conctugib analytical formula of cargo dis-
placement transverse to wagon and tension in fastérom exposure to transverse and
vertical forces.

MATEMATHYECKOE MOJIEJINPOBAHUE KPEITJIEHUH ITPY CIBUTE I'PY-
3A TIOTIEPEK BATOHA

AHHoOTanus. B cratbe paccMOTpEHO CUTyaIusl, KOTJ]a MEXaHUYECKasi CHCTeMa “BaroH -
3aKpPEIUICHHBIN Ipy3” HAXOAUTCS MO ICUCTBUEM MOMEPESYHBIX U BEPTHKAIBHBIX CHII. DTO
yaJ0Ch B pe3yJbTaTe MaTeMaTHYECKOTO MOCIUPOBAHMS TPy3a B BaroHe, JBMKYIIIEMCS
Ha KPUBOM Yy4YacTKe IyTH. DTOMY CIOCOOCTBOBAJI BBIBOJ AHAIUTHYIECKON (HOPMYIIBI
CIBUTa rpy3a MOMepEK BaroHa M HATSHKCHUN B KPETUICHUSIX.

1. FORMULATION OF A PROBLEM

We take a particular situation [1], when cargo wikkight G , which has asymmetrical (or symmet-
rical) allocation relatively longitudinal axis ohe truck symmetry being kept from displacement

transverse to wagon by flexible elastic fastenitemnents (binding)A;M 4 and A;M ., and bar

persistent allocated at some dista@yefrom the lateral surface of cargo (fig. 1). Preéfiary stretch-
ing of flexible elastic fastening elements equal&0 = 20 kN.
The truck runs with transversg =a,, and verticala, =&, acceleration. The fastenings experi-

ence transvers@ey =1, and verticall, = I, transient inertia forces. Acceleration of the wagao-

y

tion with cargo on the curve section of the trackaken into account by the normal inertia for_ge
The cargo is effected by the aerodynamically rascst forceE. In solving some practical prob-

lems it is assumed that maximum normative meanohgsansverse transient acceleratﬁg)1ax =a,

equal toa,, = (04— 046)g and those of vertical transient accelerat&ff” = a,,, appearing due
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to track maintenance standards deflectign = (046— 066)g . Accordingly the meanings of trans-
verse and vertical transient inertia forces arenadsl| ,, = (04— 046)G and 1, = (04- 066)G.

Fig 1. Physical modeling transverse to cargoedatisent and bar persistent allocation in the wagaming
on the curve section of railway descent (side view)

Puc. 1. Pusnueckas MOJECJIb MMOTIEPEYHOTO CABUT'a I'Py3a U PACIIOJIOKECHUEC YIIOPHOTO 6pyc1<a B BaroHe,
JBIKYILIETOCS IO KPUBOMY YYacTKy MyTH (BUA cOOKY)

It is considered that active transverse and vétiizaes are perceived by pair flexible elastic-fas
tening elementsl{ and Iapi), placed opposite to transverse forces actionfasining elements of

the opposite directionl,( and | o) sag.

2. METHODS OF SOLUTION

One may use the principle clear constrains anththief relative transient motion [2, 3].

One must take into account that Iengthenind dfexible elastic fastening element is directly pro
portional to cargo displacement transverse to wdgo8a:

Al =Ay@|‘3—'. 1)

3. RESULTS OF SOLUTION

Leaving out some intermediate mathematical calmrat[1 — 3], one can get a formula to deter-
mine cargo displacement transverse to wagon.
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AR

7854d2_z[ ( ?+”l} ?

Ay =

=1 i

In the formula (2)AF" = AF, - is a transverse force perceived by flexible tidastening ele-
ments and determined as the difference betweetadespent and keeping forces

AI:y(l) = ch. - Fyd.iy ’ (3)
where:
F,=lg+(,+F);F,, =f(G-1,)+> RO, 3
i=1
Satement 1. Cargo displacement transverse to wagon wik talace (that iy >0) provided
AR =AF >0.

Definition 1. Cargo displacement transverse to wadon — is that distance from lateral cargo
surface which can provide joint work of flexibledapersistent fastenings if a bar persistent isdfivce
wagon's bottom off the lateral cargo side at tiséadice less thaAy .

Thus one should note that on the basic of the tesuhthematical fastening modeling with asym-
metrical (or symmetrical) allocation in wagon thealytical formula has been derived to determine
cargo displacement transverse to wagly X taking into account physics and geometrical attaras-

tics of elastic elements (that B, n,d,| ), meanings of external force&( loysIns 1o F,), perceived
by fastenings and cargo and contacted cargo amdnbsurfaces state taking into consideration coef-
ficient friction (f ).

Satement 2. The rupture of flexible elastic elements waake place provided the condition is
kept oy = Ay < [Ay] , where[Ay] —is admissible meaning of cargo displacement transgvto wagon

(mm) determined by the meanh{ﬁli] depending on quantity of threatls and diameted, of wire

fastenings.
With the meaning of cargo displacement transvarseaigon Ay ) and the formula (2) one can de-

termine strain (effort) il " flexible elastic fastening element

R,,; = 7.854d ZAVZ @ <[R], (4)
=1 1
The strain (effort) in flexible elastic fasteninigment accordlng to the axiom of process equality t
opposition equals the reaction in this element.
Satement 3. In the situation when cargo is kept from displaent transverse to wagon by bar

persistent nailed to wagon's bottom closely todhaeyo lateral surface (that is whéty = 0) strain
(effort) R in i "flexible elastic fastening elements equals to zero.

4. CONCLUSION

On the basis of mathematical fastening modellirsuilte of asymmetrical (or symmetrical) cargo
allocation in wagon one can note that the analiticemula has been derived to determine cargo
displacement transverse to wagon taking into adqoloysics and geometrical characteristics of easti
elements, meanings of external forces perceivedabienings and cargo and contacted cargo and
bottom surfaces state which are taken into accbwnhe friction coefficient. The obtained analytica
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formula serve to estimate safety of rolling staeific with asymmetrical or symmetrical allocatioh
cargo mass centre transverse to wagon as mechaystam “wagon — fastening — cargo”.
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