1 — BpeMmd,

At — 11aT UHTETPUPOBAHMUSI.

B ocHOBY Moze/ MTHEBMAaTUYECKOM TOP-
MO3HOM CUCTEMBI TPY30BOTO TT0€3/1a ITOJI0XKe -
HBI Tpadrueckre 3aBUCUMOCTU BEJIUINHBI
naBjieHUus B TOpMO3HbIX nuianHapax (TLL)
TPY30BBIX BATOHOB ITPYU TOPMOXEHWH U OTITY -
cke (puc. 1) [3].

B pazpabotaHHOIi MOIenU YYTEHBI HEOMI-
HOBPEMEHHOCTh CpabaThIBaHMS BO3IyXOpa-
CIIPEIEINTENIEN U3-3a KOHEUHOU CKOPOCTU
pacrpocTpaHEeHUST TOPMO3HOMW BOJIHBI BIIOJIb
moe3jia, majgeHue JaBJICHUS B TOPMO3HOMU
MarvcTpaiy o JUIMHE 1oe3/a U3-3a Hen30eX-
HBIX yTeUeK, HEOTHOPOIHOCTh COCTaBA 10 TH -
Iy TOPMO30B, a TaKXe creluduka padboTsl
OCHOBHBIX TOPMO3HBIX TIPUOOPOB.

B pesysbsraTe Mcmonb3oBaHUS MaTeMaTH-
YeCcKMX MoJiesiell ObUT MPOM3BEAEH UMUTALIA -
OHHBIN pacy€T ABUXEHUS OTHOPOIHOTO
Ipy30Boro rmoesma Maccoi 8600 T B pexxume
PETYJIMPOBOYHOTO TOPMOXKEHMUS TI0 CITyCKY
kpyTu3Hoit —10%,. TopMOXKeHUE OCyIIEeCTB-
JIJIOCh CO CKOPOCTHU IBMXeHUsT v=50 KM/4
TepBOIi CTYTNIEHBIO Pa3psIIKN TOPMO3HOI Ma-
ructpanu Ha 0,7 Krc/cm?2.

TTonmydyeHs! cnemyronive rpadhuKu 3aBUCH -
MocTel (puc. 2): a — CKOPOCTb JABVXKEHUS
noesna v(f); 6 — naBjaeHUe B TOPMO3HOM LIM-
JMHIpe MepBoro skumaxa P (1); 6, ¢, 0 —

CWJIBI, IEMCTBYIOLIKNE B CepearuHaX MePBOi
F,(v), BTOpoii F, (f) u ocnenneii F, (¢) TpeTeit
rmoesna; e — pacrpenejeHne HanOOoJbIINX
MPOIOJIBHBIX CHJI BOOMb rToe3fa F . . Xopoliio
BUIHO IPU 3TOM, YTO MaKCUMAaJIbHBIE IPO-
JTOJIBHO-AMHAMUYECKKE CUJIBI HE ITPEBBILLIAIOT
JIOMTYCTUMOTO TI0 YCJIOBUSIM 6€30TaCHOCTU
YPOBHSI, COCTABJISIIONIETO JUIST peXruMa CIIy-
xebHoro Topmoxenus 1 MH.

Taxum obpazom, paspabomanHbie mamema-
muyeckue modeau 08UNCEHUs N0e30a Mo2ym
C YCnexom NPUMeHSIMbCs 05l PeuleHust Yenoeo
pAda 3a0da4, c83aHHbIX C U3YHEHUEM MOPMONce-
HUS1 OAUHHOCOCMABHBIX 2PY308bIX NOE3008, NO-
360455 NPU IMOM O0emManbHO UCCALA08aAMb UX
OUHAMUKY.
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SIMULATION OF REGULATING BRAKING MODE OF LONG TRAIN

Pudovikov, Oleg E., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Murov, Sergey A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

From the theory of train longitudinal dynamics it
is known that with an increase in length and weight
of atrain, longitudinal forces grow. In addition, in the
course of train movement in areas of rolling grade of
the track to perturbations from kinks of the profile,
perturbations associated with motion control can be
imposed. Adverse overlay can lead to the emergence
of longitudinal forces, hazardous under the terms of
strength and stability of cars against derailments due
to squeezing or pulling [1, 2]. The most unfavorable
in this sense is the mode of regulating braking by air
brakes, because then rate of change of brake forces

Keywords: railway, freight train, longitudinal dynamics theory, mode, mathematical modeling.

remains unregulated. Therefore, when assessing the
greatest forces in the train, and even more so in a
longtrain, itisnecessaryto first take into consideration
given control mode — pneumatic braking.

The authors use mathematical and engineering
methods, mathematical simulation. In line with the
study of longitudinal vibrations of a train a discrete
multibody model of trains as a system of rigid bodies
is considered. With its help regulating braking mode
by air brakes is calculated, which allows to ensure
that maximum longitudinal forces in the train do not
exceed the level allowed under the terms of traffic
safety.
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Background. In the simulation of the train movement
for a thorough study of longitudinal oscillations a discrete
multibody model is used, representing a train in the form
of solids, interconnected essentially by nonlinear deform-
able elements. The motion of each vehicle (car orlocomo-
tive) is described by a following system of differential

equations [3]:
) % i=Lm F =03
m, @
4.=v v, i=2n;
X =V
x,:xifl—%—q,, i=2n,

where n is a number of vehicles in a train;

q, is a deformation of the i-th coupling cable;

q is deformation rate;

m.is weight of the i-th vehicle;

v, is speed of the center of mass of the i-th vehicle;

F.is reaction in the i-th coupling cable;

F is total external force, acting on the i-th vehicle;

X.is coordinate (along the trajectory) of the center of
mass of the i-th vehicle;

I.is length of the i-th vehicle.

Total external force F, acting on the i-th vehicle is
resultant from F traction, braking force (electric B, and
pneumatic B, ) ‘forces of main W, and additional w,
resistance to traln motion:

Fy=F,~By~B,~W, W, 2

It is evident that the presence in the equation (2) of
terms, taking into account the thrust force F_, and force
of electric braking B, will be meaningful only if a consid-
ered vehicle is a locomotive, which can be located not
only at the head of the train, but also also in diffrently
within the train. Otherwise, these terms are zero. Resis-
tance forces W, and W,_are calculated separately for
each vehicle in accordance with the procedure described
in the rules for traction calculation of train operations.

Virtually the entire railway rolling stock of Russia is
equipped with spring friction center coupler draft gear. In
this case, the forces acting in the automatic couplers, are
calculated as follows:

F=F(q,)signgq,,

|q,.|, if 4,<0
0, if 0<q,<4,,
qi_§0i’ ifqi>50i ’

(3)
where

a)  Ppc, MPa

min(F, £,
7 (@<A) A (q;(0)2q,(t-A1));
max{F, £}
7 (q;<A)) A (q,(1)<q,(1-AD)) ;

F,, rq;2A;; (4)
F =S +k (q,(0-q (=A)+[q -signq
=(F =80 v E,-0),
if F (i=AD) =(Fli(t—At) v Fm.(t—At)) ,
otherwise
S = F (t=An=pq (1= A1)-sign q (1=A1) ;
F=Fytkg s F,=0-n)kq, 5)
In these expressions:

q, is relative movement of the center of mass of the
(i—1) -th and i- th vehicles;

g, is amount of compression of center coupler draft
gear and deformations of body;

d,is a gap in the i-th coupling;

Ais avalue of q,, atwhich center coupler draft gears
close;

F.is a force, deforming coupling;

F,and F are values of F,on the branches of loading
and unloading of power characteristics of center coupler
draft gears;

F_.isavalue of force F,during transition from loading
to unloading, and vice versa;

F,is force of initial tightening of center coupler draft
gears of the i-th coupling;

k,and k; are stiffness coefficients in the calculation
of forces F,and F;

m,is coefficient of coupling’s energy dissipation at
work of center coupler draft gears;

B,is coefficient of viscous resistance to deformation
of vehicle construction;

tis time;

At is integration step.

Objective. The objective of the authors is to investi-
gate regulating braking mode and to present a discrete
model multibody model.

Methods. The authors use mathematical and engi-
neering methods, mathematical simulation.

Results. The model air brake system of a freight train
is based on graphical dependences of pressure in brake
cylinders (BC) of freight cars during braking and release
(Pic. 1) [5].

The proposed model takes into account not simul-
taneously triggering of diffusers due to the finite speed of
propagation of brake waves along the train, pressure drop
in the brake pipe along all the length of the train due to
unavoidable leaks, the heterogeneity on the type of
brakes, as well as the specifics of the work of main brake
devices.

b)  Pgc, MPa

Pic. 1. Graphs of filling (a)

and emptying (b) of brake 02

cylinders of cars of a freight
train.

zsf /
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As a result of use of mathematical models of simula-
tion movement calculation was made related to a freight
train weighing 8600 tonnes in the regulating braking mode

on downhill slope —10 0/ w0 - Braking was carried out from
a speed v =50 km / h by the first stage of brake pipe
discharge of 0,7 kgf/cm?.

Conclusion. The following dependency graphs are
obtained(Pic. 2): a—train speedv(t); b—pressure inthe
brake cylinder of the first vehicle P, (t); ¢, d, e — forces
acting in the middle of the first F (t), the second F, (t) and
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the last F,, (1) thirds of the train; e -distribution of the larg-
estlongitudinalforcesalong thetrain F, . Itis clearly seen
that in this case the maximum longitudinal dynamic
forces do not exceed the permissible level for safety,
which is 1 MN for service brake mode.

Thus, developed mathematical models of train
movement can be successfully used to solve a number
of problems related to the study of braking of long
freight trains, while allowing the detailed study of their
dynamics.
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