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Abstract. The use of contact elements with an extended service life is one
of the most economical and least costly ways to ensure reliable, economical
and environmentally friendly transmission of electricity to rolling stock. To
evaluate the service life in OSTU, a methodology for conducting
experimental studies of contact pairs of pantograph has been developed and
successfully tested, involving bench tests for each pair of contact materials
“contact insert - contact wire” in order to determine their optimal
combination to reduce wear and increase service life. Assessment of the
amount of wear and prediction of the life of the contact elements are made,
including using mathematical modeling. The purpose of this article is to
improve the mechanical component of the wear model of the contact
elements of pantograph in high-speed conditions. The results of
experimental studies and theoretical calculations of the mechanical wear of
contact elements are presented. The analysis of the graphs allows us to
conclude that it is possible to use an improved mathematical model for
modeling the mechanical component of the wear process of the elements of
contact pairs with a maximum error value of not more than 5%.

1 Introduction

In accordance with the long-term development program of Russian Railways until 2025,
approved by Decree of the Government of the Russian Federation of March 19, 2019 No.
466-t, it is planned to increase the level of economic connectivity of the territory of Russia
by expanding and modernizing the railway infrastructure, developing multimodal
transportation expanding the network of high-speed and high-speed transportation. However,
the expansion of the high-speed traffic network involves not only the construction of new
railways with the appropriate infrastructure, but also the modernization of the structures of
individual nodes of the existing rolling stock, as well as the introduction of energy and
resource-saving technologies to ensure the transportation of passengers and goods at speeds
above 200 km / h. Nevertheless, a change in the design of a node (for example, a current
collector) is directly associated with significant financial and time costs, while the use of
contact elements with an extended service life, providing reliable, economical and
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environmentally friendly transmission of electricity to rolling stock, is more economical and
less expensive.

Increasing the service life of the collector element can be achieved, among other things,
by reducing wear by correctly selecting the elements of the contact pair, both from the point
of view of their tribocompatibility and the ability to ensure high-quality current collector. For
this, it is necessary to take into account the physical properties of the materials of contact
pairs, as well as factors specific to operating conditions.

A small number of specialists are engaged in the study of wear of contact elements and
contact wires in the world. So, G. Bucca, A. Collina in their work [1] describe a method for
predicting the wear of slip rings and contact wires, and H. Yang, B. Hu, Ya. Liu, X. Cui,
G. Jiang in [2] consider the process of interaction of a contact pair under conditions of high-
speed motion and significant current loads. However, in Russia these studies cannot be fully
applied due to the specifics of climatic and weather conditions, as well as operating
conditions.

2 Materials and methods

The parameters affecting the wear of the elements of contact pairs are shown in Fig. 1.
Electricity is transmitted to the traction rolling stock by means of an electric sliding contact,
while for high-speed movement the magnitude of the traction current flowing through a pair
of “contact wire - contact element” can reach 3.5 kA. Such current values cause increased
heating of the elements of the contact pairs of current collector devices, and its thermal effect
significantly increases electrical and electromechanical wear [3].
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Fig. 1. Parameters affecting the wear of contact pair elements.

At Omsk State Transport University a program and methodology for conducting
experimental studies of contact pairs of electric current collection devices has been developed
and successfully tested.

The program involves bench testing for each pair of contact materials (tribosystems)
“contact element - contact wire” in order to determine their optimal combination to reduce
wear and increase resource and includes the following steps.
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1. Determination of tribocompatibility, scoring resistance and wear resistance of materials
(studies from mechanical load in contact without electric current flowing). For this, the
following parameters vary: contact pressing, dustiness and humidity of the ambient air,
aerodynamic effect of the air flow, speed of movement.

2. The study of the wear of a pair of “contact element - contact wire” depending on the
magnitude of the flowing current. To determine the characteristics of wear resistance, it is
necessary to change the following parameters: contact pressure values, traction current values
(or current density), environmental parameters and contact suspension at critical pressure
values in the contact and speed. When implementing the indicated stage of the research
methodology, it is necessary to perform it with alternating and direct current.

3. Assessment of the amount of wear and prediction of the resource of the elements of the
contact pair using mathematical models.

The frictional interaction of the elements of the “contact element - contact wire” tribosystem
is a nonlinear process that is determined by a large number of both internal (physicochemical
properties of the friction pair materials) and external (dynamic loads, the presence of electric
current in the contact, environmental parameters, etc.) interrelated factors.

To ensure the reliability of the data array obtained as a result of the tests, an algorithm for
the implementation and processing of experimental data (Fig. 2) is applied, developed taking
into account the provisions of the theory of experimental design.
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Fig. 2. Experiment Planning Algorithm.
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The results of experimental studies at high-speed movement depend on the parameters
and characteristics of measuring instruments, the object of study, the quality of bench
installations, as well as the human factor, the influence of which is manifested in the form of
random errors and errors during the experiment [4]. Processing of the experimental results
and prediction of wear and resource of the element of the contact pair of the current collector
are carried out using mathematical models.

It should be noted that the mathematical model given in [3] takes into account the majority
of those shown in Fig. 1 factors, however, its use for predicting wear under conditions of
high-speed movement will not be sufficiently accurate due to the lack of consideration of the
aerodynamic effects of air flow and the speed of movement of rolling stock on processes
occurring in an electric sliding contact.

In this article, we consider the improvement of the mechanical component of the wear
model for high-speed movement.

3 Discussions

In general terms, the basic functional relationship between the mechanical wear
component /r, and model factors is described in [1] and is presented in the form:

I, =v,(P,o,t,r,Cu, Hy / Hy, Ay, &y, € C5 ) (1)

P — contact pressing;

v —sliding speed;

t — test time;

r — characteristic linear size of the contact element;

Cu — copper content in the element of the contact pair;

Hi/H> — dimensionless simplex (hardness ratio);

Ay, A, —thermal conductivity of the materials of the contact element and contact wire;

c1, c2 — specific heat of the contact element and contact wire.

An initial analysis of the results of experimental studies in conditions of high-speed
movement confirmed the need for introducing into the model criteria that take into account
the state of the environment, the speed of aerodynamic effects, the influence of the
temperature of the contact pair elements on the actual contact area [5] and their hardness, as
well as a criterion that takes into account the effect of friction in sliding contact.

In equation (1), in accordance with the provisions of the theory of similarity, individual
factors are combined into simplexes and complexes [4]. In this case, the following
assumptions are made when forming the model:

1) side factors are combined into criteria (simplexes);

2) difficult to reproduce parameters are combined into complexes;

3) the calculation of approximate values of scale factors is carried out according to
empirical formulas.

According to the m-theorem, the number of dimensionless combinations of complexes
and simplexes is equal to the difference between the number of physical quantities and basic
units of dimension. Thus, the following equation is obtained:

m Bm e€m gkm
Im(P):ao-Me-[ ZP“:Z] (Bi“—t] (Cu)““[i] %% 011 | L @
rp.Cx r H, Py

ao — functionality reflecting the influence of unaccounted factors on the process;
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o, — functionality logarithmically dependent on the magnitude of contact pressing at a given time;
Bms %m> €m» Ay — experimentally determined coefficients;

Ptcz/(r2 p1C;) ) — complex (a measure of the ratio of the specific friction power to the ability of the
contact wire to accumulate, and the contact element to transfer heat);

c2 — specific heat of a contact wire;

vt/r —ratio of the friction path to the surface coefficient of the contact element;

Me=T* — Meyer criterion (pv — friction power (taking into account the distribution coefficient of
rf. po

heat fluxes), f — friction coefficient);

ya
AT,g

Bi

— Bio criterion;

rvT, —temperature difference across the volume of the contact element;

AT, g =T, =Ty —temperature head (temperature difference between the material of the contact element

and the environment);

1

K P L . .
Po¥o (01+vg)? — complex taking into account the influence of environmental factors ( @, / @, — the
(ZLS]
ratio of the average value of relative humidity for five years to the value of relative humidity at the time
of research, i /1x; — the ratio of the average dust content of the environment over five years to the

value of its dust content at the time of research, g — counter airflow aerodynamic impact on the contact
element).

Nomograms and ranges of variation of coefficients and functionals for calculation by
model (2) are given in [1].

Thermal processes in the elements of the contact pair of the current collector are
mathematically described by a system of partial differential Poisson equations. The thermal
state of the nth body is characterized by the differential heat balance equation:

q(i=n) q(i=n)
ar (_ zAin nt Z(AinTi)+ZAUI no 3)
i=1

i=1

cn — heat capacity of the n-th body;
n — the number of bodies thermally related to the body #;
Ain — heat transfer from the i-th body to the n-th body;

E:AUIn — power losses of the n-th body from the flow of electric current;

¢t — time.

C, = %(AIS +A35)J‘T1dt+%.|.2(/\13 +ASB)T3dt+ A_rljolt , (4)

A = OL(Tn _Ti);

1
. m >
o — heat transfer coefficient, o = —% + mzvé [31;
Y

T» — temperature of the n-th body.;
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Ti — temperature of the i-th body.;
g — oncoming air speed;

v —relative velocity of the contact wire and contact element in the horizontal plane perpendicular to the
axis of the path;

m,, m, — experimentally determined coefficients.

In equation (4) the following notation is adopted: 1 - contact element; 3 - skid of the
current collector; B - air flow.

It should be noted that at speeds of up to 60 km / h the discrepancy between the
experimental and calculated data does not exceed 5%, and at speeds above 150 km / h the
error becomes more than 10%.

In Fig. 3 shows the graphs of the mechanical wear of the contact elements obtained
experimentally and as a result of calculation according to the existing (Fig. 3, a) and advanced
(Fig. 3, b) mathematical models (equations (2) — (4)). The graphs were obtained under normal
environmental conditions (in accordance with Russian State Standard 8.050-73 "State system
for ensuring the uniformity of measurements. Normal conditions for linear and angular
measurements") and an air flow rate of 50 m / s.

In Fig. 3, the notation is accepted: 1 - experimental results; 2 - calculation results.
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Fig. 3. Wear rate of a graphite contact element according to the existing (a) and advanced (b) models.

4 Conclusions

The analysis of the graphs in Fig. 3 allows us to conclude that the calculation accuracy is
increased according to the mathematical model (2) by taking into account the influence of
the aerodynamic effects of the air flow and the speed of the rolling stock to simulate the
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mechanical component of the wear of the elements of contact pairs at high speeds (the error
decreased from 10% to 5%).
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