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INTRODUCTION

According to the statistics of the Ministry of Infrastructure of Ukraine for
2015, railway transport holds a leading position among the transport sectors of the
national economy. Over the past year, the country's freight turnover by rail amounted
to almost 85% and passenger turnover about 40%. Net income of the Ukrainian
Railway amounted to almost 65% of the total income of all domestic transport.
However, heavily worn-out rolling stock remains the main problem of Ukrainian
railways. These facts, as well as the dependence on the international transportation
market, are shaping the main trends in the development of the national railway
industry, and are aiming, according to the "Transport Strategy of Ukraine until 2020",
to modernise the rolling stock by creating the new or upgrading the existing rolling
stock, the service, technical and economic performance of which would meet the
current European requirements for safety, environmental friendliness and energy
efficiency.

The priority of the railway industry development is to carry out technical and
technological modernisation of railway transport in order to increase the speed of
passenger trains up to 160 km/h and freight trains up to 100-120 km/h, which requires
an increase in traction quality and energy efficiency of locomotives, which also
affects the cost of operation of rolling stock in general.

The main component of this comprises of processes that occur in the contact of
the wheel and the rail interacting with each other. Requirements for interaction of
wheels and rails in different contact zones are inconsistent. On the one hand, to
achieve the required tractive force, one needs to ensure a high and stable level of
adhesion of the locomotive wheels to the rails. On the other hand, to prevent the
wheel from rolling on the rail head, to reduce the wear of the wheel flange and the
side surface of the rail head, as well as to reduce the resistance of the train in curves,
it i1s necessary to minimise the friction between the wheel flange and the lateral
surface of the rail head. In addition, the implementation of tractive force (braking) is
accompanied by sliding of the wheels against the rails. This results in a considerable
part of the locomotive power being wasted not on traction, but on heating and

destruction (wear) of surfaces in the contact zone. Up to 20% of the power
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transmitted to the wheel can be lost in the "wheel-to-rail" contact. Therefore, the
contemporary concept of optimization of frictional interaction of the wheel with the
rail under operating conditions implies ensuring a consistently high coefficient of
traction in the contact zone of the rolling surface of the wheel with the rail while
minimizing the amount of sliding and resistance to movement, at the same time
reducing the coefficient of friction in the contact zone of the wheel ridge with the
collateral surface of the rail head as much as possible. The most common method of
improving the traction of locomotives is to apply sand to the contact zone of the
wheel and the rail, however, despite the obvious advantages, this method has some
drawbacks as well: contamination of the ballast prism with sand, increase in the drag
resistance and in adhesive and abrasive wear, which in turn affects the safety of the
rolling stock. Methods used by the railway companies in order to reduce wear in the
contact of the wheel ridge with the rail have their own disadvantages as well.
According to the expert estimates, overcoming frictional forces takes up to 90% of
the energy used on traction of trains, while the wear and tear of rolling stock and
tracks causes substantial expenditures in the maintenance sector As a result, 0.5
conventional units of depreciation costs and about 0.02 conventional units of material
costs are required for 1 kg of conventional fuel consumed in the industry.

Securing a high coefficient of traction in the "wheel-to-rail" contact will
contribute to maximising of the tractive forces, while reducing the coefficient of
traction in the "wheel ridge - rail" contact will increase the period between overhauls
for wheel rim trimming, thereby enhancing the speed and safety of railway transport

in general.
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CONCLUSIONS

The findings set forth in this work help to solve the immediate scientific and
technical problem of improving the tribological properties of the two-point "wheel-
to-rail" contact the supply of ozonated air flow into the "wheel ridge - rail" contact
and the impact of electric current on the wheel-to-rail tribocontact. The following
conclusions have been made on the basis of theoretical and experimental studies.

1. The international experience of methods used for increasing the coefficient
of traction and reducing the wear of the wheel sets has been analysed, their
classification has been supplemented with new and promising methods, and the
advantages and disadvantages have been identified.

2. Using an intelligent decision-making support method in the form of expert
evaluation, we identified prospective methods for increasing the coefficient of
traction and reducing the wear of the wheel ridge. The electric current supply through
the contact zone proved to be one of the Top 3 of the most prospective methods of
increasing the coefficient of traction of the wheel with the rail, and the supply of
ozonated air flow into the tribocontact made it to Top 3 of the most prospective
methods of reducing the wear of the wheel ridge.

3. The use of electric current to increase the traction in the "wheel-to-rail"
contact along the track and the use of ozonated air flow to reduce the wear in the
"wheel ridge - rail" contact have been theoretically substantiated. The results of
mathematical modelling of the impact of ozonated air flow on the metal contact,
under different temperature conditions, indicate an increase in the activation energy
of surfaces by the ozone, depending on the concentration, by a factor of almost 3.5,
while the ozone permeability into the metal depth increases by a factor of almost 2.

4. Experimental equipment for the supply of ozonated air flow with the ability
to change the parameters of supply and passage of the electric current, as well as
changing its amperage in the tribocontact has been developed. The "Friction
Machine" bench has been upgraded, making it possible to study the interaction

processes in the "wheel-to-rail" system under different friction parameters.
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5. The regression equation of the dependence of the limiting coefficient of
friction on the supply of additional energy to the contact by way of the electric
current and its density, and the ozonated air flow, which is characterized by the
concentration of ozone and its supply rate under separate and combined action, as
well as different contact conditions (clean rail, rail covered with water, rail covered
with lubricant) was made on the basis of the results of experimental planning.

6. During the experimental verification of feasibility of application of the
suggested methods with the purpose of improvement of tribotechnical properties of
the two-point "wheel-to-rail" contact on the designed and modified bench equipment,
the dependencies of the coefficient of traction at different frictional state of the
interacting surfaces have been obtained.

7. The amount of electrical wear during the supply of electric current was
theoretically and experimentally estimated, depending on the current strength and the
wheel load. It was established that electrical wear prevails at low loads (up to 1,000
N), and when they increase (over 1,000 N), the amount of electrical wear decreases.
It has been experimentally established that the wear resulting from exposure to sand
1s up to 12 times higher than the wear caused by exposure to electric current. The
discrepancy between theoretical and experimental results does not exceed 10%.

8. The value of transient resistance at varying frictional states of the
tribocontact has been experimentally estimated, which qualitatively allows to
estimate the temperature rise in the contact zone. The highest value of transient
resistance has been observed in the presence of quartz sand on the surface of the rail
(0.3-0.11 Ohm depending on the load), and the lowest - on a dry rail (0.02 Ohm) and
on a rail covered with lubricant (0.01 Ohm).

9. The use of electric current in the wheel-to rail contact will reduce slippage,
which means that the locomotive is doing less work over the same distance while
consuming less fuel. In other words, a diesel locomotive 2TE116U will reduce fuel
consumption over a a distance of 100 km by 1.3%, if the rail is oiled, and by 1.8% if

the rail is covered with water.
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