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Abstract. The complex of operational studies and theoretical research was performed on the occurrence of

harmful wear that changes geometrical parameters of the useful contact area of the brake pads of freight
cars at various established standard clearance between the pad and the wheel, which significantly impairs

the braking efficiency of trains. The inspections of the mechanical part of the brakes attracted attention to
the abnormal wear of the brake pads of the freight cars, which occurs because the common centre of gravity
of the pad and the brake shoe, which are on the pendular suspension, do not coincide with the centre of the

hole in the brake strut for any pad. The results of calculations using the coordinate method performed in the
Mathcad software environment and the graphical one performed in AutoCAD to determine the geometrical

parameters of the formation of the upper harmful wear of the pad depending on the standard clearance
between the wheel and the brake pad were compared to proved theoretically that the error between them

does not exceed 5-7%.

1 Introduction

As the speed of movement and axial loads during
transportation of goods at Ukrzaliznytsya JSC have been
increasing, as well as the periods between repairs of the
brake system of freight cars should be extended, a
number of new design solutions have been applied to
ensure the normal wear of brake pads. However, some of
the proposed solutions have proven to be ineffective, so
the issue of abnormal wear of brake pad remains in
abeyance [1].

To scientifically substantiate the innovations that
ensure the prolongation of the safe operation of the brake
pads, we have summarized the material of a few studies
which search for the ways to slow down the wear of
brake pads of freight cars in Ukrzaliznytsia JSC.

2 Analysis of the latest achievements

Multiple studies have been devoted to the investigation
of causes and effects of this negative phenomenon. In
particular, [2] describes a device used in the brake
rigging (BR) of bogies to retract the pads with automatic
adjustment of their relative position with respect to the
rolling surfaces of the wheels. However, it is important
to note that such a device complicates the BR design of
the bogie and requires systematic labour-intensive
adjustments during the operation, hence, using it is
impractical.

In [3], the stresses occurring in the brake pad were
analyzed, the thermal analysis was performed using the
SolidWorks software and an alternative solution life was
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suggested to improve the brake pad material and prolong
the service life.

The authors in article [4] refer to various friction
brake systems used in mechanical braking. It is noted
that friction brake systems in which brake pads are used
have adverse effect on the rolling surface of the wheels,
as high temperatures occur in the “pad-wheel” friction
zone, so disc brakes are preferred.

Foreign researchers are focused on the study of disc
brakes, strength calculations of their elements, real-time
observations of their operation, and also on the
calculations of the temperature conditions of some
elements of the brake systems of rolling stock [5, 6].
When a train is braked with friction brakes, thermal
energy is generated in the contact area of tribotechnical
bodies, which is dissipated by forced convection,
conduction, and radiation from the open surfaces of the
brake.

Papers [7, 8] state that overheating of tribotechnical
pairs can cause malfunction of the brake system and
compromise the safety of movement. Therefore,
considerable theoretical work is being done considering
the elevation of temperature during braking for different
speeds of movement and brake disc design.

Considering the analyzed literature sources, it should
be noted that the problems of abnormal wear of the brake
pads used in the brake systems of three-element bogies
have not received sufficient attention yet.

3 Purpose and tasks of the study

The purpose of this study is determining the geometrical
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parameters of the brake pads of freight cars in case of
harmful wear.

To achieve the stated purpose, the following tasks
must be solved:

—performing analysis of the causes of the upper
harmful wear which changes geometrical parameters of
the useful contact area of the brake pads and occurs
during train movement in traction and run modes;

—developing a methodology for determining the
geometrical parameters of the upper harmful wear of the
pad depending on the standard clearance between the
wheel and the brake pad to improve the braking
efficiency of trains;

— plotting graphical dependencies according to the
developed methodology: lengths of harmful wear of the
brake pad on its horizontal wear; harmful area and the
amount of wear of the pad on the amount of uneven wear
depending on the clearance between the wheel and the
pad to determine the geometrical parameters of the
useful contact area of the pad;

— proposing techniques to eliminate the upper
harmful attrition which causes abnormal wear of the
brake pads during the movement of freight cars and
significantly impairs the braking efficiency of trains.

4 Results and discussion

The results of inspections of the mechanical part of the
brakes in the bogies of freight car demonstrated that
some brake pads which had abnormal wear had been re-
installed in the car and already turned so that the harmful
wear was at the bottom and the upper parts of the pads
were intact. It should be noted that in accordance with
the requirements of current regulatory and technological
documents, turning brake pads is not recommended [9].

However, some workers in maintenance depot turn
brake pads that were removed during the current repair
or overhaul of the cars, claiming that this would equalize
their wear and tear. The reason for it is the fact that the
number of new pads is insufficient to replace the faulty
pads in operation and the workers have to use the brake
pads previously removed from the cars during the repairs
turning them by 180° (Fig. 1) for the subsequent
operation of the freight cars.

Such actions are the reason why braking efficiency
significantly deteriorates in the freight trains and
multiple malfunctions of rolling surfaces of wheel pairs
occur during the operation of such brake pads, which
damage the railway infrastructure [10, 11].

Therefore, it should be noted that a violation of the
instructions can lead to grave consequences on the
railway, such as smash-ups, traffic accidents, and
mishaps, etc., which is a direct threat to the safety of
railway traffic. For this reason, conditions and devices
should be developed to ensure that the brake pads in the
bogies of freight cars are worn out evenly. As a
consequence, first, they can be used within the entire
period between depot repairs; second, the railway
companies will save tens of thousands of hryvnias for
the procurement of pads; and third, brake pads will be

disposed of with only insignificant amount of the
remaining working composite mass [12].

Fig. 1. View of a dual wedge-worn brake pad in operation.

Naturally, when the car is braked during the
movement, friction occurs between the rolling surface of
the wheel and the working surface of the brake pad
causing friction wear. However, during the inspections
of 16,640 pads in the freight cars of the operated fleet in
maintenance depots, it was found that most of the pads
are bent when the brake is released, their upper edges
touch the rolling surface of the wheels and make friction
during the movement. When the length of the harmful
wear of the pad that reduces the useful area and affects
the braking process was measured, it was found that it
can take up to 150 mm of the total length of the pad
(Fig. 2, a).

It should also be noted that two wear surfaces are
formed on the pads: the upper one is where the pad is
worn obliquely symmetrically as cars move without
braking, quite intensively depending on the speed of
movement; and the lower one which is used to brake the
car.

In bogie BR of freight cars, the point of connection
of the vertical levers with the brake strut is shifted
towards the wheel relative to the points of connection of
the triangle shoe with the pendulum suspension. This
causes touching by the upper part of the pad of the wheel
rim when the brakes are released (Fig. 2, b). As a result,
a significantly thick wear of the top of the pad occurs,
and consequently, the length of its working surface is
reduced.

Studies have shown that the smaller the retraction
distance of the pad from the wheel and the angle
between the surface of the wheel rim and the working
part of the pad is, the greater the length is which begins
from the upper end of the pad and is subjected to wear
when the brake is released.

However, it should be noted that, if a clearance is
excessive, it is generally larger at the bottom of the pad
(Fig. 2, c) than at the top, intensive wear occurs at the
upper edge of the pad.
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The task is reduced to determination of the length of
arc UA'B, which can be calculated according to the
following formula [13]

g~ TR ZACB. W
180

where R is the estimated radius of the car wheel, m.

Let us denote the coordinate system at point O. Axis
Z is selected as vertical, and axis X is selected as
horizontal, as it is customary in car designing.

Calculations are performed using the coordinate
method. First, the coordinates of point 4" are calculated
that is the point of intersection of the circle with the
centre at point O and radius O4 = OA' and circles with
the centre at point C and radius R.

The equation for the circle with the centre at point O
and radius OA4 will be as follows

x'+z° =04°, 2)
Relative to the circle with the centre in point C
2 2 2
(x—xc) +(Z—ZC) =R", 3)

where xc, z¢ are coordinates of point C. The position of
point C can be written as x. = R, cosa, z. =R, sina,

then equation (3) will be as follows

(x=R,cosa) +(z-R,sina) =R*. (4
Fig. 2. Pictures of the wedge dual wear of the brake pad in

operation: a —measurement of the length of harmful wear; where Ry is the distance between points O and C; a is
b — interaction of the upper end with the rolling surface of the the angle of the pad relative to the centre of the wheel of
wheel during movement of the car; ¢ — abnormal clearance the car

between the pad and the wheel. The position of point 4’ is determined using the

equation system
4.1 Determination of geometrical parameters of
the length of the harmful wear at the top of the X2 +z2 =04%,
brak d with k t the t
rake pad with known wear at the top (x—Rocosa)2+(z—ROsina)2=R2,

)

Design diagram of rotation of the brake pad with a shoe
is shown in Fig. 3. it should be noted that the coordinates of point A4’
x,, Zz, > 0, in the selected coordinate system.

To determine the coordinates of points 4, K, K', N’
the diagram of rotation of the shoe with the pad is
considered in details.

The diagram of rotation of the shoe with the pad
3 relative to the pendulum suspension is shown in Fig. 4.

\ Position of points A4, K are related to the initial

parameters of the “pendulum suspension — shoe — brake
pad” system, initial pad thickness, wear value I, shoe
size, wear of the pendulum suspension in the contact
area with the shoe and the side frame of the bogie. To

—

/’ solve the problem, it was assumed that the shoe and
i brake shoe have standard sizes.
/ Angle f is defined as the angle between two vectors
/ 04 and OA', which is the angle of rotation of the pad
_ relative to point O

-

Fig. 3. Design diagram of rotation of the shoe with the pad.
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Knowing the angle LA'CB’ the length of the arc is

(6) determined using the formula (1).

All the above equations were solved using Mathcad
software [14]. Capabilities of the graphics software
complex AutoCAD were used to compare the results of
the calculation of the obtained data. The results of the
calculation in AutoCAD of the dependence of the
lengths of harmful wear of the brake pad on its known
horizontal wear at the top and the clearances between the
pad and the wheel are summarized in Table 1, while an
example of graphical determination is shown in Fig. 5.

=
120,24
Mmli2,82
/MI06,22
100,31
90,17

.\, N ’

Fig. 4. Theoretical diagram of rotation of the shoe with the pad
relative to the pendulum suspension. Fig. 5. Design diagrams of geometrical parameters of

composite brake pad in AutoCAD with the upper wear of 12

Coordinates of points K, N"are determined from the mm and different clearances between the pad and the wheel

known angle § and initial points K, N. from 4 to 9 mm

To find the position of point D, circles with radius
R+A are drawn from points K, N’ (where A is the Table 1. Dependence of the wear length of the composite
clearance between the pad and the wheel in the free state block on its horizontal wear and the clearance between the

without turning the shoe with the pad) and their point of wheel and the pad

intersection is found which is point D

g Known value of horizontal wear of the brake pad, /, mm

2 2 2 «

(x=x¢) +(z—zp) =(R+A), <
(7 O =|N|en|F|wvw|o|~|o|lan| 2|2 X

X=Xy Py zZ—2zy, P=(R+AY. %

S

[

. . 7 | Defined length of a harmful wear of the brake pad, mm
Coordinates of point B can be found as the © £ Pac
intersection point of the circle with the centre at point C alglale R« RET KRR IH| I
circle radius R and in point D with the radius R+A. An M AR I R BN A RS Bl A R = BN

. . . (sl gl o~ ] N — — — — — — — —
equation system is composed to determine those - T ol alale
-1328/8|2(5]8]8212|E|2|8) 2

>~ OO AN X | D
2 . 2 [¢%] ol o —| —| —| —
(X—ROCOSa) +(Z—Roslna) =R2, AN < | O > NN D = =] = = —
(®) IR I AN IR N BN RS RN R
(x=x, ) +(z-2, ) = (R+AY ol 29T 2 282|222 2|2
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Once the coordinates of points A’ and B are found, N N R B R R e B RS T D D I
’ ' QA F| R ERI B2 2]5[S|2|2
angle £A CB can be found as an angle between two right ===
. , o
lines CA”and CB. RERREEEEEEEEEE
Let us denote SSRGS R| I S| T &[S
— — (o) — (@) o~ ol N — o~ — O
U= (zc—zy)(zc — 2zp) + (x4 — xc) (x5 — x¢), NN N I I R A R I RN RS I R I R
nN| V[N X O[NNI D[] O D on| v
NN T N OO X0 NN D

2 2
V= (ZC - ZA') + (xA' - xc) ,
Comparison of the data obtained in AutoCAD and

L= (z¢ — zp)* + (xg — xc)?, Mathcad for 4 to 9 mm clearances between the pad and
) v the wheel in numerical (Fig. 6, a) and percentage
cos £ACB = ) (Fig. 6, b) values, with the 12 mm abrasion of the top.
h
enee 4.2 Determination of the area of uneven pad
T vl wear
2A CB = arccos (m) (10)

Let us consider the calculation diagram for determining
the wear area of the brake pad of a freight car (Fig. 7).
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Fig. 6. Discrepancy between the results of AutoCAD and
Mathcad: a — numerical values; b — percentage values.

Fig. 7. Diagram for determining the area of uneven wear of the
brake pad.

The area of the uneven wear of the brake pad can be
defined as the area of the -curvilinear trapezoid

b
0= j f(x)dx, which requires composing an equation of
the right line which goes through points 4, K’

x=x z-z (x—x )(z -z )
A _ A orz = AJ\°K " ‘A
Kv—xAr ZKV—ZAV xKr—xAv

+2z,.
The circle that simulates a car wheel

(Z—ZC)2 +(x—xc)2 =R, z=\R* —(x—x.) +z.

The circle that goes through points B, K’ with the
centre in point D (Fig. 3)

(z—zD)2 +(x—xD)2 :(R+A)2,

2= J(R+AY = (x-x,) +2,.
Area of the uneven wear

0= J"%((x —x)(zx — 2) n ZA’) dox —

X' — Xy

—fo’(\/(R +4)% — (x — xp)? +ZD)dx—

B

—fxxig( /RZ —(x—xc)2+zc)dx+

A

X,
+J ( /RZ — (x — x¢)? +ZC> dx.
xc—R

According to the results of the conducted studies, the
graphical dependences of the harmful volume (V) of the
pad wear (Fig. 8) on the magnitudes of the clearance
between the pad and the wheel in case of the known
horizontal wear at the top of the pad and the clearance
between the pad and the wheel are shown.
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Fig. 8. Dependence of the amount of harmful wear in case of
the known horizontal wear of the top of the pad and the
clearance between the wheel and the pad.

To solve the problem of eliminating abnormal wear
of the brake pads of freight cars, a device was proposed
(Fig. 9) [15]. In the design, the brake strut was changed
to prevent the abnormal wear of the brake pads in the
bogies of freight cars for the entire regulated service life.

Fig. 9. General view of the device for standard retraction of the
pads from the wheels in the brake system of freight cars:
1 — curved guide bar; 2 — cylindrical sliders
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This result is achieved when the triangle is balanced
in the suspension axes and fixed when the brake is
released and the pads are uniformly retracted without
partial touching the wheels. The proposed device has
two pairs of brake pads, which are rigidly fixed in the
brake shoes on the centre shafts of triangles and are held
near the rolling surface of the wheels on the pendulum
suspension of the bogie; two-arm vertical levers that are
hinged to the brake strut in which the joining hinge is
located on the same straight line along the triangle
pendulum suspension axis.

It consists of a curved guide bar, the ends of which
are hinged in cylindrical sliders, rigidly attached along
the adjacent brake struts symmetrically relative to the
opening of the hinge that joins two-arm levers, while the
downward cranked portions of the bar prevent the truck
bolster of the car from resting on it in the loaded state
and also prevent shifting and falling.

Introduction of distinctive features not only
eliminates the negative effect of forces acting on the
triangle when the brake is retracted from the mass of
vertical levers, due to the location of the centre of the
hinge that joins the vertical levers to the brake strut on
the same line with the centres of the two support hinges
of the brake shoes, at the same time, the curved guide
bar will provide straightforward retraction of the brake
pads from the wheels and hold them firmly parallel to
the wheels when the brake is released, which generally
simplifies the design of the device and provides more
reliable operation in terms of uniform wear of brake
pads.

5 Conclusions

On the basis of the conducted studies, the following
conclusions can be drawn:

1. It is established that the wedge dual wear of the
brake pads occurs due to the malfunction of the device
for uniform retraction and retention of the brake pads
relative to the moving surface of the counter body, which
requires braking.

2. It is proved that the smaller the clearance between
the pad and the wheel, and accordingly, the angle
between the surface of the wheel rim and the working
part of the pad is, the greater length of the brake pad
from the top is worn when the brakes are released.
However, it should be noted that with an excessive
clearance, which is generally larger at the bottom of the
pad than at top, intense wear at the upper edge of the pad
occurs.

3. The principles of methodology for determining the
geometrical parameters of brake pads of freight car are
developed when the upper harmful attrition occurs,
depending on the clearance between the pad and the
wheel. Graphical dependences of the geometrical
parameters of the pads were obtained according to the
developed methodology, which in further works will
allow estimating the braking efficiency of the freight
train.

4. The results of calculations of the coordinate
method performed in the Mathcad software environment

and of the graphical one performed in AutoCAD to
determine the geometrical parameters of the formation of
the upper harmful wear of the pad depending on the
standard clearance between the wheel and the brake pad
were compared to proved theoretically that the error
between them does not exceed 5-7%.
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