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Introduction. The paper considers simulation of the dynamic processes of the brake rigging of a passenger car under
braking on a track section with irregularities. The work objectives include the development of a “rigging brakeblock -
wheel working surface” contact module in a full-scale computer model of a passenger car in the “Universal Mecha-
nism” software package; and a computer simulation of the braking operating mode from 50 to 32 km/h considering ver-
tical and horizontal track rail irregularities for determining the mechanism of variation of the longitudinal acceleration
of the brakeblock and its angular acceleration. The subject of the study is the force interaction of the elements and dy-
namic processes in the brake system of passenger cars.

Materials and Methods. A new “rigging brakeblock - wheel working surface” contact module, which provides the de-
termination of the longitudinal and angular accelerations of the brake rigging of a passenger car, is proposed to the
“Universal Mechanism” software package,. The simulated modeling of the brake rigging system of a passenger car with
KVZ-TsNII type II trolleys equipped with shoe brakes is carried out.

Results. A full-scale computer model of a passenger car, which includes the designed contact module “linkage brake
pad - wheel working surface”, has been developed in the “Universal Mechanism” software package. The car is present-
ed as a system of solids connected by elastic and dissipative elements. Using computer simulation, the operating mode
of braking was reproduced under reducing the speed of a passenger car from 50 to 32 km/h considering vertical and
horizontal irregularities of a railway track. The simulation result was the laws of change in the longitudinal acceleration
of the brakeblock and its angular acceleration under braking in the above speed range. Their spectra of longitudinal an-
gular acceleration of the brakeblock were constructed. It was determined that the presence of track irregularities affects
the spectral composition of the accelerations. In addition, under the superposition of the bogie-frame pitching and
bouncing oscillations, when moving along an uneven track, the rigging block can move up and down the wheel-working
surface within a range of up to 50 mm. The simulation functionality of the dynamic processes of the brake system of a
passenger car was expanded in the “UM-Loko” software package.

Discussion and Conclusions. The results obtained can be used in the design of new rigging brake systems of passenger
cars and modernization of existing ones at the engineering enterprises and railway-car repair works. This, in turn,

should ensure uniform distribution of efforts across all brake rigging brakeblocks of a passenger car.
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Introduction. The problem of efficient and reliable operation of the brake systems of passenger cars becomes
even more urgent when high-speed traffic is introduced on the Russian railways. The main part of modern brake sys-
tems is the lever transmission system of a passenger car, whose efficiency and reliability depend directly on the quality
of design, operation, maintenance and repair of the brake equipment. The mechanical part of the brake system combines

a rigging brake transmission, an automatic rigging transmission regulator and friction brake components (brakeblocks
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and pads). One of the key requirements for the brake rigging system is to provide uniform force distribution across all
brakeblocks. However, under the operating conditions, there is some variation in the efforts of pressing the brakeblocks
on the wheelsets both within the wagon and within each bogie. The nonuniformity of pressing brakeblocks may be one
of the basic reasons for their uneven wear. The subject of the study is the force interaction of elements and dynamic
processes in the brake rigging system of passenger cars. The level of theoretical studies on dynamic processes of struc-
tural elements of the traction rolling stock is quite high [1-12].

Materials and Methods. To clarify and confirm the results of theoretical studies, it is required to carry out
computer simulation of the dynamic processes of the brake rigging system of a passenger car, which occurs under brak-
ing on a flat section of the track. Major causes of the dynamic processes in the contact “rigging brakeblock — wheel
working surface” may be fluctuations of the car underframe when moving along a track with irregularities. This is be-
cause the brakeblocks and the brake rigging system components are structurally connected with the bogie frame, which,
due to deformation of the axlebox suspension, moves with respect to the wheel pairs rolling along the rails. It is re-

quired to consider the simulation of the braking process in the presence of uneven tracks.
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Fig. 1. An example of the vertical track rail irregularities

Files of vertical and horizontal irregularities of track rails, which are a generalization of the measurement re-
sults, are available in the UM-Loko software package. Fig. 1 shows vertical irregularities on a track of 1000 m long as
an example.

Research Results. The simulation results of the dynamic processes of the lever transmission of the brake sys-
tem on a flat track are presented in Fig. 2. The picture of the “wheel — rail” contact patches for all four wheelsets of the
car, in the presence of track irregularities, is shown in Fig. 3. Comparison of simulation results with Fig. 2 provides the
conclusion that the presence of irregularities causes the emergence of vertical oscillations of the car underframe and, as

a result, a significant change in the forces within the “wheel — rail” contact patch.
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Fig. 2. “Wheel — rail” contact patches and force distribution (on level)

When moving along a track with irregularities, the oscillations of the truck-frame bouncing have an amplitude
reaching 18 mm; frequencies of 0.8 are visible in the spectrum of vibrations; 0.95 and 1.07 Hz. The last frequency is

close to the natural frequency of the car-body pitching.
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Pitching oscillations of the bogie frame have amplitude up to 0.0025 rad. In the spectrum, there are frequencies

0f0.25; 0.8; 0.95; 3.7 and 3.9 Hz.
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Fig. 3. “Wheel — rail” contact patches and force distribution (uneven track)
Fig. 4 and 5 show a graph of the longitudinal acceleration of the rigging brakeblock under braking in the pres-

ence of track irregularities and its spectral composition.
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Fig. 4. Longitudinal acceleration of the rigging brakeblock under
braking (track irregularities)

Fig. 6 and 7 show a graph of the angular acceleration of the rigging brakeblock under braking in the presence

of track irregularities and its spectral composition.
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Fig. 5. Spectral composition of longitudinal acceleration of rigging brakeblock (track irregularities)

R
G @ =
BV A LN

e Mowouss

| R X N &

o
s

Fig. 6. Angular acceleration of rigging brakeblock (track irregularities)
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Fig. 7. Spectral composition of angular acceleration (track irregularities)

The simulation results show that in the presence of track irregularities, the longitudinal and angular vibrations
of the brakeblocks occur in the frequency range up to 25 Hz, and their spectral composition is somewhat different from

the case when braking occurs on level.

Machine building and machine science

W
O



http://vestnik.donstu.ru

Vestnik of Don State Technical University. 2020. Vol. 20, no. 1, pp. 36—41. ISSN 1992-5980 eISSN 1992-6006

Discussion and Conclusions. A full-size computer model of a passenger car is developed in the “Universal
Mechanism” software package. A car is presented as a system of solids connected by elastic and dissipative elements.
The structure of the model includes the developed “rigging brakeblock — wheel working surface” contact. Using the
computer model, the operating mode of braking from 50 to 32 km/h is reproduced. The option when the track has verti-
cal and horizontal irregularities of lengths of rails is considered. Because of the simulation, the variation pattern of the
longitudinal acceleration of the brakeblock and its angular acceleration under braking from 50 to 32 km/h were ob-
tained, and their spectra were constructed. The track irregularities affect the spectral composition of accelerations. In
addition, under the superposition of bouncing and pitching oscillations of the bogie frame when moving along the une-
ven track, the rigging brakeblock can move up and down along the wheel working surface with a swing up to 50 mm.
The results obtained can be used under the design of new and modernization of existing brake rigging systems of pas-
senger cars at machine-building enterprises and car repair enterprises to provide an even force distribution across all
brakeblocks.
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