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Calculation of the Force Generated in
Pairs of Wheels in Wagon Sorting Sections
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This article presents a mathematical description of the friction of a pair of wagon wheels and rails
on sections with stops of a sorting hill, using the theorem on the change of kinetic energy for a non-
free body in the final state. Such an approach helps to solve the problem of deriving the formula for
the braking distance of the car in the sections of parking spaces on sorting hills.
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Introduction.

When designing sorting hills, choosing its optimal parameters, the precise values of the kinematic
parameters of the movement of wagons and trains in all sections are important. The analysis of
existing methods for calculating sorting peaks has shown that there are some inaccuracies in the
used formulas and the absence of expressions for determining some important kinematic
quantities[1-4].

Sorting provides an opportunity to determine the speed of the wagon and/or wagon train in the
uneven rotation of the hill, based on the calculation and creation of a simplified mathematical
model of the movement of the wagon, especially in sections with a stop on the downhill part of
the hill. This helps to rationally choose the geometric parameters of the hill [5-6]. It is the results
of such researches that form the initial theoretical condition in regulatory and technical documents
in the study of the dynamics of rolling wagons from the slope of the hill [7-9].

It is worth noting separately that the relative resistance to movement of various resistances in the
braking zones of parking lots |wxi| in practice, it is a non-constant quantity (jwsi| # const), and its
growth occurs when the speed of the car decreases [10]. Calculating and reducing the forces
generated in wheel pairs at wagon sorting sections ensures the lifetime of the wheel pair.
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Methods and research.

According to the Dalamber principle, parallel to the rail line, Ox’y’z’ to the projection of the inertial
calculation system Ox’ axis (Fig. 1) for the absolute motion of the solid body in the braking zones
of the sections of the sorting hill, based on the mathematical description of the wagon movement in
the equally decelerated movement of the wagon acceleration has a negative sign
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where |AFi| — is the resultant force, due to which slippage of wagon wheel pairs along the rolling
surface of the track and on the brake tires of the wagon retarder in the braking zones of sections
with a parking place occurs, kN:
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Figure 1. Scheme of movement of the wagon on the railway tracks.

From expression (1), |AF+i| < 0 or |Fci| > Fxi when the condition fxi is observed, the acceleration of
the car in the braking zones of the sections with a stop at the initial speed vi:i > 0 will be equally
slowed down to the moment v = 0.

According to the existing methods of calculating sorting peaks, we express formulas (1) and (2) in
conventional concepts and generally accepted notations.

It is possible to present the force Fxi due to the entry of the wagon into the braking zones of the
parking lot, the force of the non-rotating parts (carriage, wagon body) and the weight of the wagon
Gz in shares:

in = kinGl’ (3)

where, i — is the number of profile sections of the sorting hill (i = 1, ... 9); kxoi — The coefficient
describing the force Fyi taking into account the force Fux of the projection of the longitudinal wind
force in the share of Gy, i.e. in the following form:

kxoi = ixi + kex = 0,014 + 0,004 = 0,018.

We note that the value of Fuy is not taken into account because it is too small: Fux << Gy (for
example, 3.2 << 794 kN [10].
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Power of various resistances |F.i| due to its components, the speed of entry of the wagon into the
braking zone vix1i, the adhesion force of the wagon wheel to the brake pad of the wagon retarder
Fropw, the sliding friction force of the wheel pair relative to the brake tires (main wear) Frp.ci O Foi
ni, the environment, The resistance force Fc; from snow and ice can be determined as a percentage
of the weight G1 of the non-rotating parts (carriage, wagon body) and the weight of the freight
wagon, as well as the Fy; force.

The result is the power of various resistances |F.i| can be represented as:
F.|=(k

ci
According to the final result, we can write formulas (1) and (2) in the following form in the
generally accepted notation:

+ I(oi + kCB + kCH )Gl (4)

TOpM

= aT (iI{)Xi - ‘WTi

‘akTi

), (5)

where, a; = const is the conditional determination of its linear acceleration in the uniformly
decelerated motion of the car in the braking zones of the parking lot, m/s?:
G
a, =—210°
Y (6)
p0
For example, G1 = 794 kN and in M0 = 8,269-10% kg: a, = 8,953 m/s?;

ivoxi — According to the formula (3), the dimensionless quantity that conditionally describes the
profile slope of the hill in the parking areas, taking into account the effect of the longitudinal wind
projection force Fe:

i'[OXi = iTXi + ka (7)

kex — Dimensionless quantity that takes into account the effect of small longitudinal wind projection
Fsx on the Ox axis, contributing to the accelerated movement of the wagon in proportion to Gj. If
the force Fuy is not taken into account, then kgx = 0;

Iwi| — dimensionless quantity and/or difference conditionally describing the relative resistance of
different resistances to movement in the braking zones of the parking lot sections taking into
account the effect of longitudinal wind, |w.i| has a dimension that is not in the system of units of
measurement.

WTi = k + koi + kCB + kCH (8)

TOpM
Where, kTOpM = FTopM/Gl, kOi = FTpXi/Gl E€KH kOi = Foi/G1, kCB = FCB/Gl, kcH = FcH/Gl — Coefficients
taking into account the forces Fiwrm in the braking of the car retarder, the non-rotating parts of the
car and the weight of the car Gu, the forces F.px = Foi from the main resistances, the forces Fcs from
the environment and wind, and the forces Fc. from snow and snow.

It is worth noting separately that the relative resistance to movement of various resistances in the
braking zones of parking lots |ws| in practice, it is a non-constant quantity (Jw.i| # const), and its
increase occurs when the speed of the car decreases.

The resultant force due to the occurrence of car braking in the parking areas is |AFi| we can write as
follows:

FTi - (kXOi + ‘(kTOpM + koi + kCB + kCH) bl (9)
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Conclusion.

Longitudinal and transverse forces acting on the wagons at the sorting stations significantly affect
the value of the force between the wheel-rail pair.

For the first time, the formula for determining the acceleration of movement in the braking zones of
the sections of the sorting hills with a parking place in the calculation of the sorting hills according
to the existing methods, in the usual concepts and generally accepted designations was presented.
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