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Summary. The article provides the analysis of current
situation in railway brake systems and provides new
constructive solutions that optimize the use of disc brakes in
the traction mode thereby increasing the effective power of the
traction vehicle, increase the coefficient of friction for shoe
brakes, stabilize the temperature in the tribocontact, reduce the
wear of the friction nodes and improve safety.
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INTRODUCTION

Due to the continuous rise of train speeds
high requirements are placed to the brake systems.
Application of the well-known shoe brake
construction that provides interaction between the
brake shoe and the surface of the wheels is limited
by their allowed heat. The use of disc brakes
becomes more common because the required
braking power is not achieved with shoe brakes.

In operation, the rolling surface and ridges of
wheels that contact with the rails and in case of
braking shoe - with pads on the brake axle.
Consequently, both the friction pairs mutually
affect the process of wheel and rail wear, the
formation of the contact zone between them and
the arising contact stress level, and therefore the
adhesion force, determining the magnitude of
traction and braking forces of the rolling stock.

To improve braking efficiency of rail
vehicles it is necessary to create adequate braking
power for braking devices and provide a stable
friction of the wheels and rails. The authors

propose new technical solutions that reduce
resistance to movement of the vehicle, as well as
improving the operational efficiency of frictional
brake elements of the rolling stock.

BACKGROUND RESEARCH ANALYSIS

The efficiency of the frictional elements of
the brake system of the rolling stock considerably
influents traffic safety, the ability to increase the
speed and increase of the capacity of the rail lines.

During braking the kinetic energy of the
train is converted into other forms of energy, most
of which - in the heat. This process is accompanied
by a temperature increase of friction elements.
Effective deceleration of the train depends on the
friction coefficient, which is affected by the
temperature changes in tribocontact. Another
urgent issue in the operation of rolling stock is to
stabilize the temperatures in the zone of interaction
of the brake pad and wheel [1, 2, 5, 8, 19, 20].

All the energy that is produced by the
traction vehicle is spent on overcoming the
resistance forces and the forces of inertia. Annually
for train traction a large amount of fuel and
electricity is spent, the cost of which significantly
affect the the cost of transportation [6-18, 21, 22].
Therefore, resistance reduction is as important as
increasing the efficiency of the traction vehicle.
Reducing the resistance can increase the weight of
the rolling stock or the speed for the same
locomotive, reduce wear and repair costs. The
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problem of reducing resistance of movement is
directly related to the need to optimize the
aerodynamic of rolling stock [4].

OBJECTIVES AND PROBLEMS

The aim of the article is to develop
recommendations and constructive solutions to
improve the efficiency of operation of brake
frictional elements of the rolling stock, as well as
to reduce the resistance to movement of the vehicle
by providing a construction of disc brakes with
additional elements that allow you to remove the
circulation of air in the air ducts on the move.

METHODS AND TECHNICAL SOLUTIONS
FOR IMPROVING THE PROCESS OF
FUNCTIONING OF THE RAILWAY BRAKES

At high speeds of the vehicle disc brake
ventilation vanes creates additional resistance to
movement which leads to a certain expense of
locomotive power, especially for high-speed
locomotives, for which the expense of significant
speeds resistance increases. Thus is pumped
through the ventilation channels 3000 - 4000 m*/h
of air which cools the disc. This leads to
expenditure of a certain power. For example,
according to research by Turkov A. [18], for diesel
trains of DR-type and electric trains of ER-type in
which installed set of eight brake discs at a speed
of 200 km /h will spend more than 19.1 kW and 48
kW respectively on the self-venting. For diesel
train DR1 total capacity is reduced by 2.6%.
Research conducted by the authors, the results of
which are presented in Table 1 show that for
modern high-speed trains, this amount increases by
several times.

The proposed method for reducing the
aerodynamic resistance of vehicles is implemented
as follows.

To eliminate the self-ventilation of disc
brakes, which causes a negative resistance to the
movement of the train in the mode of the traction
and freewheel, it is proposed to close ventilation
holes of disc brakes.

During the motion the plates 4 of shape
memory material (fig. 2) [3, 4] which are located
on each blade 3 venting, ventilation ducts 5
overlap. During braking, rolling stock brake pads
are pressed with a certain force to the friction rings
1 (fig. 1) of the brake disc. The result is a braking
torque, which is through the friction ring 1 and
connected with them with the circlet 3.

Table 1. Power expended by train in motion to overcome the
resistance of the working disk brakes
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Fig. 1. a — the circulation of air in the brake disc, the plate at
the outlet, b — a plate of shape memory material at the inlet



ANALYSIS OF THE CONSTRUCTIVE FEATURES OF RAILWAY BRAKES AND METHODS OF IMPROVING 65

During braking the brake disc temperature
increases. Under the influence of high temperature,
the material of plate 4 moves from the martensitic
state to austenitic (fig. 3). This changes the the
crystal lattice and shape of plate 4. Angle of
inclination a of plate 4 to the ventilation blade 3

reduces from 90” to 0°- 5 ventilation ducts open.
Under the influence of centrifugal forces the air
that is in air ducts 5 moves from the brake disk to
the periphery in the radial direction, this produces
the ventilation air flow that provide the removal of
heat from the disk. The plates may be arranged as
at the inlet of brake disc (fig. 1 b, section A-A) as
at the outlet (fig. 1 a).

Fig. 2. The constructive scheme of the brake disc
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Fig. 3. The dependence of the angle of rotation of the plate
relative to the ventilation blade on the temperature of brake
disc

When the brake disc is cooled the reverse
process occurs - the material of plate 4 changes
from austenitic to martensitic state. When reaching
by plate 4 temperature of martensitic state _ it is
unbent, occupying the initial position (o =90") -
ventilation ducts 5 close (fig. 2, 3), due to this
further loss of power because of the circulation of

air in the ventilation ducts of brake disc while
moving decreases.

Thus, during movement ventilation ducts are
closed, during braking - they are open. When
reaching the ambient temperature of the plate
brake disc returns to the initial position. In this
case ventilation ducts close to the next braking.

Let us consider the question of temperature
stabilization of frictional contact "brake shoes - the
wheel." The existing method of increasing the
efficiency and durability of brake pads using the
section pad when braking that provides increased
contact area of the interacting element and the
pressure drop in the contact area, can not
sufficiently ensure the effectiveness of braking.
This is due to the fact that when braking
tribological pair contact is heated and the method
of cooling is not provided, thereby decreasing the
friction pad possibility and increased wear of the
friction pair happens.

Thus, there is the problem of increasing
braking efficiency of and reduce brake pad wear.

The assigned task is achieved in that when
braking to the contact zone of the friction pair a
gaseous active environment is injected formed by
reacting brake shoe elements which are provided
with porophore and wheel of rolling stock. That is,
the design of the brake pad is provided with holes,
which have insertions of gas-forming materials -
porophore to form between the interacting surfaces
of the wheel and the braking pad the gas
environment that can cool the contact and reduce
wear of the working surfaces (fig. 4).

Fig. 4. Brake pad with inserts made of porophore:
1 — bracking pad; 2 — porophore inserts
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This solution allows to:

1. reduce the temperature in tribocontact;

2. increase the longevity of the brake pads;

3. increase the coefficient of friction of the
interacting working surfaces providing braking
efficiency of the vehicle;

4. improve traffic safety.

The proposed method of increasing the
efficiency and durability of brake pad works as
follows.

During braking rolling stock pads are
pressed to wheels or brake disc. The temperature in
the friction pair increases. Under the influence of
the temperature in the shoe the process of thermal
decomposition of porophore pad element begins,
which leads to high speed release of significant
amounts of gas products. One of the major
decomposition products is a gas - nitrogen which
reacts with thin surface layers of frictional units.
This positively affects the frictional properties of
the pair of friction - coefficient of friction increases
sharply strengthens and stabilizes the material
surface, thereby increasing their durability and
wear resistance. Braking efficiency allows to
increase safety of the vehicle.

The authors are also tasked with improving
the efficiency of the locomotive braking method
and constructing equipment for its implementation
through the efficient use of compressed air, which
is discharged from the brake cylinder and cooling
brake pads and working surface of the wheel,
placing the products of frictional wear out of the
contact "brake shoes - the wheel" (fig. 5).

View A

Fig. 5. Brake pad with holes for cooling: 1 — bracking pad 2 —
channels, 3 — holes

For this purpose compressed air is
discharged from the brake cylinder through the air

distributor and a check valve in the bellows
assembly, and on the next braking adjustable valve
is activated connecting a brake shoe with bellows
seal through which accumulated air on the rubber
conduit through the holes made in the brake shoe
and supplied to the channels to the contact zone
"brake shoes - wheel", cools it and blows wear
products into the environment.

CONCLUSIONS

Application of the proposed construction of
brake disc will reduce the resistance to movement
of the vehicle, optimizing the use of disc brakes in
the traction mode thereby increasing the effective
power of the traction vehicle to reduce the costs of
energy and fuel.

The proposed method of increasing the
efficiency and durability of the brake pad using the
inserts of porophore will increase the coefficient of
friction, stabilize the temperature in the
tribocontact and reduce the wear of the friction
nodes and improve safety.

The use of of the method of the locomotive
braking with compressed air and equipping for its
implementation will allow the following:

- Efficient use of compressed air, which is
discharged from the brake cylinders;

- Cooling the contact zone "brake shoes -
wheel" by supplying compressed air to the brake
pad holes;

- To improve braking efficiency and reduce
the intensity of the brake wear through the timely
removal of products of frictional wear of the
contact zone of the brake pads and the wheel roll
surface and improve the temperature conditions of
operation of the braking pads;

- Improve traffic safety by increasing the
reliability of the braking.
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AHAJI3 KOHCTPYKTUBHBIX OCOBEHHOCTEN
KEJIE3HOJIOPOXHOI'O TOPMO3A U METO/1bI
COBEPIIEHCTBOBAHUA [TPOLIECCA EI'O
OYHKIIMOHNPOBAHIA

Huxkonau I'opbynos, Pocmucnas /[émun, Enena
Hoocenxo, Examepuna Kpasuenxo, Onvea Ilpoceuposa

AHHOTanus. B crarbe mpuBeneH aHAIN3 COBPEMEHHBIX
JKEIIE3HONOPOXKHBIX TOPMO30B, @ TaKXKe IMPEeJOCTABICHBI
HOBBIE KOHCTPYKTHUBHBIC DEIICHHsS, KOTOPBIC MO3BOJISIOT
ONTHMH3UPOBATH HCIOJB30BAHUE [HCKOBOLO TOPMO3a B
peXHUMe TArM W BeIOera, TEM CcaMblM  yBEJIH4YMBas
3} HEeKTHBHYIO MOIIHOCTB TATOBOTO TPAHCIIOPTHOTO CPE/ICTBA,
MOBBICHTH KO3 (GUIMEHT TPESHUS TSl KOJIOJOYHBIX TOPMO30B,
CTaOWIM3HPOBATh  TEMIEpaTypy B  TPHUOOKOHTAKTe,
YMEHBLINTH U3HOC Y3JIOB TPEHHUS M OBBICHTH O€30MaCHOCTb.
KnwoueBbie cnmoBa. J[MCKOBBIA TOPMO3, TOpPMO3HAasA
KOJIONKA, CIUIaB C HaMsAThio (opMbl, MOPOGOpBI, CKATHIN
BO3IYX.



