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INTRODUCTION

The organization of the movement of freight trains in Ukraine is an important
factor in the integration of the country's railway transport into the European system.
Currently, a situation has arisen that requires a significant renewal of the freight
wagon park with modern wagons to meet the requirements of freight transportation.
Also, a significant drawback of railway transport of Ukraine is the limitation of the
speed of trains, which include freight wagons with a reduced container in an empty
state, therefore, at the moment, the issue of improving the methodological and
software and instrumental testing means for evaluating the quality and safety
indicators of the movement of such wagons is relevant at the moment. Due to their
unsatisfactory movement dynamics, a separate group of freight wagons, such as a
platform wagon, has a speed limit of 60 km/h, which negatively affects the speed of
freight transportation by rail.

Traffic safety is a set of organizational and technical measures aimed at ensuring
accident-free operation and maintenance of railway structures, tracks, rolling stock,
equipment, mechanisms and devices in constant serviceability.

Important characteristics of the quality of movement of railway rolling stock
include indicators of vertical and horizontal dynamics, the coefficient of stability of
the wheel from derailment, frame forces and acceleration of the body, which largely
depend on the tare mass of the rolling stock and indicators of the interaction of the

crew part and the track. Therefore, the definition and assessment of indicators
6



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and

ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

characterizing driving qualities and traffic safety should be based on in-depth studies
of indicators of traffic dynamics.

At present, laboratory wagons are used during field tests related to the
evaluation of traffic quality indicators, acceptance and admission to operation of
railway rolling stock, but the modern state of development of measuring equipment
allows in most cases to abandon the use of such wagons during running tests of units
rolling stock in favor of mobile hardware and software complexes.

The above testifies to the relevance of solving issues related to the improvement
of methods and means of experimental assessment of the quality and safety indicators
of the freight wagons movement with reduced containers, including by improving the

methodological and software and instrumental means of testing.
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SECTION 1
REVIEW AND ANALYSIS OF EMERGENCY SITUATIONS ON THE
RAILWAYS AND CAUSES OF THEIR OCCURENCE

1.1 Study of emergency situations and problems of quality

indicators of carriage movement

The declared integration of railway transport of Ukraine into the transport
network of the European Union requires an immediate solution to issues related to
effective and safe transportation, as well as intermodality and interoperability of
transport systems.

The success of work in this area depends significantly on the completion of the
processes of harmonization and implementation of current standards, which should
encourage the use of the latest approaches to assessing the compliance of vehicles
with world-class technical requirements.

Comparing the regulatory requirements regarding dynamic indicators and force
action on the track of crew parts of rolling stock on railways with a gauge of 1520
mm, on the one hand, and the relevant European regulatory documents, on the other,
it is possible to state a significant difference in the approaches to both calculation
cases and experimental procedures evaluation of running properties of rolling stock.

A significant drawback of the Ukrainian railway transport is the speed limit for
trains with individual freight wagons in an empty state, equipped with model 18-100
bogies.

Ensuring and maintaining safe transportation on railways is one of the most
important requirements for the safe operation of railways. Among the disasters and

accidents that occur on the railways, the greatest danger is the derailment of the
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rolling stock, because it leads to significant financial losses and serious
consequences.

Among the reasons for the derailment are: malfunctions of the running parts of
the wagons (breakage of the side frames and suspension beams of the bogies,
malfunctions of the roller bearings of the axle box unit), wear of the elements of the
friction vibration dampers, unacceptable deviations in the dimensions of the elements
of the bogie and the railway track, and features of the wagons design after repairs and
modernizations.

In addition, the danger of derailment, especially at high speeds, can be caused
by reasons that are not related to malfunctions of the wagon, but are a feature of its
design. So, for example, a feature of wagons on bogies 18-100 is a low critical speed
from the point of view of stability of movement, upon reaching which non-damping
oscillations of wheel pairs appear within the rail track, which leads to the appearance
of additional forces of interaction of the wagon on the track.

The main reasons for the derailment of the freight wagons with a reduced tare
are related to malfunctions of rolling stock, non-compliance with track maintenance
standards, negative dynamics of train movement, as well as their operating
conditions. The described malfunctions associated with the destruction of elements of
the undercarriage lead to the derailment of wagons. The main reasons for derailment
of the freight wagons with a reduced tare are malfunctions of the rolling stock,
deviations from the permissible indicators of track maintenance, unsatisfactory
indicators of train dynamics and their operating conditions. The described
malfunctions are also related to the destruction of elements of the running gear,
which directly causes the possibility of wagons derailment. An important factor is the
degradative changes in the wagon's tare by more than 10% from the one specified by
the factory manufacturer. The described malfunctions, in particular, related to
damage to the running gear, directly lead to the wagons derailment. However, some
of them do not directly cause the derailment, but are the causes of the development of

dynamic processes that cause increased force interaction of the rolling stock. Among

9
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the wagons that have a tendency to derail are cement hopper wagons with the roof
removed and empty platform wagons. As a result of the analysis of the causes and
circumstances of derailment of empty wagons, it was established that the frequent
consequences of derailment are serious damage to the railway track, rolling stock and
other elements of the railway infrastructure, a decrease in speed and a violation of the
transportation schedule, which in turn entails significant financial losses.

Analysis of information on the operation and derailment of empty wagons.

Statistical data on the derailment of freight wagons in an empty state on the
sections of railways of Ukraine show that the most derailments in recent years have
occurred with freight wagons with reduced tares: universal platforms model 13-4012
and hopper wagons for cement with a removed cover model 19-758-01. In the period
from 2011 to 2023, there were more than 40 cases of train derailments:

- 23.08.2017 on the Kryvyn-Slavuta section of the regional branch (further - the
RB) of the South-Western Railway hopper model 19-758-01, speed 67 km/h, 19 out
of 21 wagons (in the tail of the train);

- 21.08.2011 on the race Krolevets — Altynivka RB South-Western Railway
wagon-platform model13-4012M, speed 67 km/h, 48 out of 53 wagons (in the tail of
the train);

- 27.08.2012 on the race Zavorichi — Bobryk RB South-Western Railway
wagon-platform model13-4012M, speed 69 km/h, 49 out of 57 wagons (in the tail of
the train);

- 25.07.2013 at the race Pysmenka — Ulyanivka RB Southern Railway platform
wagon model13-4012, speed 62 km/h, 48 out of 54 wagons (in the tail of the train);

- 26.07.2016 at the race Plysky — Kruty RB South-Western Railway wagon-
platform model13-401-17, speed 77 km/h, 47 of 61 wagons (in the tail of the train);

- 08/06/2016 on the race Brivka — Popilnya RB South-Western Railway wagon-
platform model13-401-17, speed 68 km/h, 52 of 66 wagons (in the tail of the train);

- 05/23/2017 on the Ryhalske— Vershnytsia RB Southern Railway platform
wagon model13-4012, speed 70 km/h, 44 out of 52 wagons (in the tail of the train);

10
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- 29.04.2018 on the race Brivka — Popilnya RB South-Western Railway model
platform wagons13-4012, speed 67 km/h, 19, 20 out of 20 wagons (in the tail of the
train);

- 05/03/2018 on the race Brivka — Popilnya RB South-Western Railway wagon-
platform modell13-4012, speed 68 km/h, 6 of 53 wagons (in the head). On the
Kozyatyn-Fastiv section, Brivka-Popilnya crossing, 964 km PC4-PC2 (according to
the act of May 3, 2018 Art. Fastiv-2 964 km PK7) 05/03/2018 in train #1442
derailment of the fourth wheel pair of the platform wagon model 13-4012, this
platform followed the sixth in the train. According to official documents related to
this event, it is indicated that train 1442 included a VL80t locomotive (at the head of
the train) and 53 platform wagons of model 13-4012. The total weight of the train
was 1,114 tons, all wagons were empty. The mode of driving the train before the
event is specified as a breakaway with a speed (according to the deputy head of the
depot Kozyatyn) equal to 60 km/h. According to other information, the speed of the
train at the scene of the incident was 68 km/h and the mode of driving the train was
traction according to position 17. The fourth wheel pair of the wagon had signs of
damage.

For the period from 2017 to 2023 more than 10 transport incidents were
admitted due to the derailment of wagons converted from cement trucks for bulk
cargoes (model 19-758-01).

The consequences of these derailments were serious damage to the rolling stock,
the railway track and other elements of the railway infrastructure, a decrease in speed
and disruption of the train schedule. All cases of departure of wagons must be in an
empty state and at a speed of more than 60 km/h.

Also, at present, the task of increasing the speed of passenger rolling stock
remains relevant, which requires new approaches to the assessment of train safety
indicators and the smoothness of carriages. Stability conditions in the rail track of
rolling stock units are determined by the ratio of forces acting in contact between the

wheels and the rails. Determining these forces is an extremely difficult task, since the

11
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contact zone is constantly moving along the rolling surfaces of the wheels and rails.
In addition, in order to assess the stability of the wheel against rolling onto the rail, it
1s necessary to constantly calculate the ratio of horizontal and vertical contact forces
over a certain period of time, because even isolated cases of exceeding the
permissible values of this ratio can cause a violation of traffic safety conditions.

Figures 1.1 - 1.5 show the consequences of freight wagon derailments.

Figure 1.1 — An example of an emergency situation

12
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Figure 1.3 — An example of an emergency situation
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Figure 1.4 — An example of an emergency situation

14



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

1.2 Analysis of literary sources and approaches for evaluating traffic

quality and safety indicators

In order to assess the quality indicators, the safety of the movement of wagons,
locomotives and other types of rail rolling stock, a variety of approaches to the
assessment of safety conditions and the solution of the specified problem are noted.

Yes, the problem of ensuring the stability of crews on the track has a long
history. Back in 1882, the engineer Pochet derived a formula that determines the ratio
between the side pressure of the oscillating crest and its load on the rail, at which it is
possible for the wheel to come off the rail. Later Marier [1] noted that this formula
became the impetus for the construction of the theory of derailment.

In 1908, M. Nadal [2] proposed a method of determining the ratio of the forces
acting on the wheel, which prevents it from sliding on the rail. In this case, the
starting position of the wheel is considered to be one in which its rolling surface has
risen above the head of the rail, and the wheel contacts the rail only at the point
located on the conical part of the ridge. It is assumed that safety from slipping will be
ensured if the ratio of the forces applied to the wheel — horizontal transverse Y and
vertical Q (under the action of the limit force of dry friction T=uN) is such that the
ridge will slide down relative to the rail fig. 1.1), p 1s the coefficient of friction.

N = Qcosp+Ysinff— normal reaction of the rail at the point of contact.

15
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Figure 1.5 — Forces acting at the point of contact when the ridge slides

down relative to the head of the rail

In work [2], the author assumes that the forces Y, Q and Q' are applied not at the
points of contact of the wheels with the rails, as Marie thought when deriving his
formula, but on the edge of the axle neck (force Y) and to the axle necks of the
analyzed wheel pair (forces Q and Q'), that is, the author recommends using a scheme
that, in his opinion, takes into account the action of all forces and pairs that affect the
conditions of wheels coming off the rails (Fig. 1.2).

O.U. Galeev shows with his new formula that the "critical" or maximum
permissible value of the ratio of the transverse force to the vertical load, which comes
to the neck of the axle of the wheel pair from the side of the running wheel, is a
variable value that depends on the ratio of vertical loads that come to the neck of the

wheel axle steam

16
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Figure 1.6 — Scheme of forces applied to a pair of wheels
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(according to work [2])

Formula (1.2) determines the critical value of the ratio of transverse to vertical
tforce for a given vertical load distribution on the axis of one wheel pair.

As noted by K. N. Mishchenko [3] in his work, the question of the interaction of
the forces developing between the rail and the wheel running against it is treated
differently by different authors. Finally, we have a number of formulas that estimate
the possibility of wheel derailment by the ratio of the maximum lateral pressure of
the wheel on the rail (directive force) and the vertical pressure of the wheel on the
rail.

The further development of the theory of safety from the east, the wheel from
the rail was highlighted in such works as [4, 5, 6, 7, 8]. In these works, the state of
ultimate equilibrium of the wheel pair was mainly considered.

In the works carried out under the leadership of Professor M. F. Verigo [4, 5, 6,

9], a method of evaluating the stability of the movement against wheel derailment

17
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according to a refined formula that determines the critical value of the ratio of the
horizontal frame force and the vertical force at a given distribution is proposed
vertical loads on the axis of the same pair of wheels.

The refined condition presented in these works was widely used in experimental
works on determining the maximum permissible speeds of movement of new and
modernized rolling stock units.

Here we considered the condition that ensures continuous sliding of the rim of
the wheel pair on the side surface of the rail head, there is a condition that ensures

that the wheel does not slide on the rail.

Yp le _ E
P_lsP_l kl k2+k3 Pl (12)

k= ”bz_(Sl_bz)'tg(B_(P)
(R+r)-|:tg([3—(p)+p]-—5'1 ’

_ ubl+(S|+b1)'tg(B_(P)
2 (}’\’+r*)~[tg([3~q))+|.J.:|—S1 ’

Ay -{I—Ié-u~§é--tg(B—tp)+|:u—2tg(|3*‘P):|}
= (R+r)-[te(B-9)+1]-S,

]

where Y,— frame effort;

P,, are the forces transmitted to the wheel pair by the spring-loaded parts,
applied to the middle of the axle necks.P,

K- half the weight of the wheel pair;

I;, I, vertical forces of inertia of the wheelset, caused by its movement along

the unevenness of the track or the unevenness of the wheelset itself (Fig. 1.7)

18
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Figure 1.7 — Scheme of forces applied to a pair of wheels

(according to work [4])

The authors of the work [5] also proposed one of the possible ways of
automating the processing of experimental data when determining the stability
margin factor against derailment of a wheel pair. At the same time, it is assumed that
the change in time of the coefficient of stability margin is a stationary and random
ergodic function. The authors state a sufficient condition for traffic safety from the
point of view of the wheel running into the head of the rail. To do this, they consider
the trajectory y(t) of the wheel during the time ¢ when the crest hits the rail. From the
comparison of the trajectory of the wheel movement with the maximum permissible
value of displacement in the transverse direction, as the adopted horizontal projection
forms the conical part of the ridge b, a sufficient condition for the safety of

movement y(7) < by, at all values of time ¢ is obtained.

The work of V. F. Kondratiev [10] is devoted to the problem of the wheel
derailment, in which it is proposed to reduce the original system of forces acting on
the wheel pair to a simpler, equivalent system. For this, it is sufficient to bring the
system of given forces to the center of gravity of the wheel pair and to consider the
main vector and the main moment of these forces. Here, the author distinguishes

19
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wheel pairs according to the mode of movement and examines the influence of this
factor on the derailment process.

A combined criterion for the purpose of assessing the danger of a rolling stock
falling due to the rolling of a wheel on the head of the rail is proposed in works [11,
12]. Here, instead of the coefficient of friction, it is proposed to use the ratio of the
transverse component of the creep force to the normal reaction at the contact point.
The authors suggest using directly the values of wheel lift above the rail head to
assess the danger of derailment, starting from the position at which the ridge contact
1s first detected at the point where the angle of inclination forms the ridge profile is
maximum. However, this approach to safety assessment can be successfully applied
with appropriate technical equipment of measuring complexes.

The paper [13] formulates the energy interpretation of the rolling of the wheel
on the head of the rail. According to the authors, this is possible when the kinetic
energy of the movement attributable to the wheel pair running into the rail exceeds
the work of the forces arising in the contact between the surfaces of the ridge and the
wheel, which they perform when rising to the height of the ridge. According to the
authors, the proposed scheme for assessing the stability margin takes into account the
influence of the main factors that cause the occurrence of an emergency state.

In work [14], the authors developed a refined method for determining the danger
of derailment, where at each step of integration in the process of computer simulation
of the movement of rolling stock, the procedure of comparative evaluation of the
values of three coefficients of the stability margin, calculated according to the Marier
formula, taking into account the K, jz. unloading, according to the pressure at the
contact points K,, ; and the energy ratio K, .,, the minimum value of the stability
coefficient is selected, its value is fixed and displayed on the graph as a final value in
the form of a combined stability coefficient.

The paper [15] proposes a method for assessing the sufficient condition of
stability of a wheel on a rail, taking into account the probabilistic nature of the forces

acting in their contact and the angle of contact of the wheel on the rail.
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The given estimate is a sufficient, but not a necessary condition for the stability
of the wheel on the rail, in the case of which the probability of stability will be
ensured in advance.

The author of the paper [16] notes that there are several criteria for evaluating
the stability of rolling stock against wheel derailment: by shifting the rail-spanning
grid, by sliding the ridge, by overturning the crew, by destroying the rail-spanning
grid, and by destroying the wheel track.

Practice shows that the shift of the rail sleeper grids does not occur if the ratio of
the frame force acting on the wheel pair of the crew to the vertical load on the wheel
is less than 0.4. For practical purposes, the author proposes to create a generalized
criterion of stability of rolling stock against the wheel derailment, which will reflect
the permissible level of dynamic interaction between the wheel and the rail.

The work [17] discusses some logical inconsistencies in the criteria for wheel
rollout evaluations. The authors believe that, with a logical approach, the normalized
value of Y/Q should be determined from the actual geometric conditions of the
wheels coming off the rails, established as a result of solving the three-dimensional
problem of non-linear rolling of the wheel on the rail. For example, it is possible to
consider that the limit state is when the contact between the ridge and the rail occurs
at the extreme point of the rectilinear section of the profile of the wheel ridge and,
setting some margin, proceed to the determination of the corresponding ratio Y/Q.

Extensive research on the problems of traffic safety was carried out by the
Research Institute of Railway Transport of the Japanese National Railways during the
creation of the rolling stock of the New Tokaido Line. Among numerous tests, special
attention was paid to issues of derailment of the wagon and its overturning. The
article [18] contains a detailed report on the results obtained during theoretical and
experimental research. Here, the ratio of lateral pressure to static load is adopted as a
criterion for traffic safety. The maximum allowable value of this ratio depends on the
growth process. Thus, when the wheel bounces, the ratio of the indicated forces is

proportional to the time of the side pressure, and when the wheel rolls onto the head

21



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

of the rail, the ratio of forces equal to 0.8 is taken as the limit. The same criterion
found a place in the work [62].

The paper [19] compares the North American, British and European approaches
to traffic safety assessment. The authors conclude that the British and European
criteria contain limit values for the forces transmitted from the crew to the track. The
North American approach does not limit the maximum forces acting on the track, but
rather limits the static loads on the track.

In the British approach, there are limitations of vertical and horizontal forces,
and the European one - only horizontal transverse ones.

In [20], it is said that a method of indirect determination of the coefficient of
stability reserve k,, against the departure of the wheel from the rails, which uses the
correlation dependence of &, on the transverse accelerations in the pivot (heel) cross-
section of the wagon, was proposed. From the experimental data, the authors of the
work [20] showed that in the modes of movement of the passenger wagon, which are
far from the emergency ones, the determination of the ku coefficient based on the
results of the measurement of the horizontal transverse accelerations of the bolt
section of the floor of the wagon is associated with great inaccuracy.

The formula for calculating the coefficient of stability reserve against a wheel
derailment when processing the results of running dynamic tests of railway rolling
stock is derived on the assumption that the inertia force acting on the wheel pair is
insignificant compared to the frame force. For a loaded wagon, this is quite
reasonable. However, when studying empty wagons, it becomes necessary to take
into account the inertia force acting on the wheel pair, since in this case the ratio of
the sum of the masses of all wheel pairs to the weight of the wagon increases by 3-4
times (compared to the same ratio for a loaded wagon). Therefore, in work [20], the
specified approach to determining the margin of stability was implemented and the
value of this value was determined in several experiments. It turned out that the

values of the coefficient of stability of the wheel against the derailment of the wheel,
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calculated taking into account the forces of inertia, differ by hundredths of a fraction.
Therefore, it can be calculated without taking into account the forces of inertia.
1.2.1 Lateral impact of the rolling stock on the track

The requirements regarding the level of forces of interaction between wheels
and rails were introduced in order to limit the risks of damage to the upper structure
of the track or rapid deterioration of its parameters. These parameters in particular
include: track stiffness, level of unevenness, etc. A slight excess of the permissible
values of the interaction forces does not mean an imminent threat to the safety of the
vehicle. However, such a danger can arise in a short period of time, especially in
areas with high train speeds.

In addition to the specified limit on the ratio Y/Q under the conditions of
stability of the wheels from rolling onto the rail heads, on the railways of European
countries, criteria for the lateral impact of the rolling stock on the track are used to
assess the safety conditions of the movement of locomotives and wagons. Thus, the
magnitude of lateral forces is limited in order to minimize the risk of shear of the rail-
sleeper grid. The limit value of the sum of lateral forces 27, in kN is determined

depending on the axial load PO according to the expression[13]:

ZYmax,lim = kl (10 + P0/3)9 (13)

where the coefficient &; = 1.0 — for traction rolling stock and passenger wagons and
;= 0.85 — for freight wagons.

The following restrictions are imposed on the maximum values of horizontal
transverse forces H, which act in the primary stage of the spring suspension on the

wheel pair[13]:

Hmax,lim = k2 (10 + P0/3)9 (14)
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where the value of the coefficient £; is: 0.90 — for traction rolling stock and passenger
wagons; 0.75 — for empty freight wagons; 0.85 — for loaded wagons.

From the point of view of the load on the track, the limit values of force action
indicators are [13]:

- quasi-static directional force Y -Y . =60 kN;

gst gst,Jim

- quasi-static force acting on the wheel,Q, -0, = 145 kN;
- the maximum force acting on the wheel, O, . - O, . .= (90+Q,) kN.

Table 1.1 shows the values QO

max,lim

independent on the maximum permitted

speed for which the crew is designed.
Due to track fatigue conditions, the vertical wheel load Q should not exceed 170
kN. Quasi-static lateral and vertical forces (Y, Qqst) acting on the track in curves are

limited to the following values: Y <60 kKN; Qg =145 kN.

Table 1.1 — Values of maximum wheel loads

Design speeds Qi
V.. <160 km/hours <200 kN
160 km/h <V, <200 km/h <190 kN
200 km/h <V, <250 km/h <180 kN
250 km/h <V, <300 km/h <170 kN
V.= 300 km/h <160 kN

1.2.2 Calculated safety conditions for the movement of rail vehicles on railways

with a gauge of 1520 mm

In contrast to the criteria for the safety of the movement of rail crews, which
are used in world practice, the current regulatory documents, according to which full-
scale tests of the rolling stock of the 1520 mm track are carried out, provide for the

determination of calculated and measured indicators of the safety of the movement
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based on the ratio of forces acting on the side of the frame structures of the running
parts on wheel pairs, the so-called "frame forces" [19, 20, 21]. That is, the forces Y
and Q of the direct interaction of wheels and rails are essentially not determined, on
the ratio of which the stability of the wheel pair in the rail track actually depends.
According to the regulatory requirements that apply mainly on railways with a
gauge of 1520 mm, the safety conditions for the movement of wagons, locomotives
and rolling stock are determined, first of all, by the coefficient of stability of the
wheelset against derailment - [ k..19, 20, 21]. In addition, for wagons, there is also a
check for stability against overturning under the action of lateral forces when moving
in curved sections of the track according to the coefficient of the margin of transverse

stability - kg, [19].

1.2.3 Stability of wagons in the rail track
The stability of the wagon wheelset is estimated by the factor of stability
reserve of the wheelset against derailment under the condition that the wheel crest
rolls onto the head of the rail. In order to predict situations in which there is a threat of
wheelsets derailment, their stability in the rail track is checked by the values of the
coefficient . The calculation of values is performed for unfavorable combinations of
horizontal and vertical forces acting on wheel pairs during movement, according to

the formula [k . k..k.:19]:

s (%
I+f, 188 b (1.5)

where [ - the angle of inclination to the horizon of the generative cone-shaped
surface of the wheel crest; ff,.- friction coefficient of sliding surfaces of wheels and

rails interacting; P,. - the vertical component of the forces acting from the wheels to
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the rails; Py, - the horizontal component of the forces of interaction between the wheel
and the rail, which acts simultaneously with the force P,..
In formula (1.4), the ratio of the vertical and horizontal component forces acting

from the wheels to the rails is determined as follows [19]:

P 2(b_az)_kv*d(2b_az)+k"az b_az Iy
_ “ / ) / ! 17

B,
B, IP {Z(blal) K, a k.‘(Zb a,)} j,:rqb_ale(l—;fﬁ ij

/ /
(1.6)

where P,,- static load on the axle neck;H,— horizontal transverse force acting on the
wheel pair from the side of the bogie frame (frame force); ¢ - weight of unsprung
parts; 2b - the distance between the centers of the necks of the axle of the wheel pair;
a,,a, -projections on the axis of the distances from the points of contact with the rails
of the running and non-running wheels, respectively, to the middle of the necks; » -
the radius of the rolling circle of a medium-worn wheel; / - the average distance
between the points of contact of the wheels with the rails; k,; x and kg ** -
coefficients of vertical dynamics for running and non-running wheels.

Maximum allowable values of the coefficient of stability of the wheel pair from

derailment [k_] are taken as equal:
- for passenger wagons [k, ] = 1.6;
- for isothermal wagons [k.] = 1.4;
- for freight wagons [k, ] =1.3.

The stability of wagons against overturning is evaluated when they move along
curved sections of the track. At the same time, two calculated cases of overturning of
wagons are analyzed: outside or inside the curve. In the first case, we consider the
movement of a wagon as part of a train with the maximum permissible speed for a

curve with a given radius and rise of the outer rail. At the same time, centrifugal and
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wind loads directed outside the curve, as well as transverse components of
longitudinal quasi-static compressive forces are taken into account. In the second case,
we consider the movement of the wagon in the traction mode of the train at low speed.
At the same time, wind loads directed inside the curve are taken into account, as well
as transverse components of quasi-static tensile forces in the train.

Coefficient ki, is determined by the formula [19]:

P
ks 5= = [ki] (1.7)
Pay
Where P, - vertical static pressure force of the wheel on the rail, taking into account

the unloading under the action of the vertical components of the longitudinal forces

acting on the wagon through the coupling; P v " the dynamic vertical force of the

pressure of the wheel on the rail, which is caused by the action of transverse forces,
taking into account the movements of the centers of mass of the body and bogies.
Permissible values of the coefficient of margin of lateral stability of wagons

against overturning [k;] when checking the possibility of overturning the curve, they
are taken as equal:

- for passenger and isothermal wagons [k;] = 1.5;

- for freight wagons [/k;] = 1.3.

When checking the possibility of overturning wagons inside the value curve
[k;] are:

- for passenger and isothermal wagons [k;] = 1.3;

- for freight wagons [&;] = 1.2.
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1.3 Analysis of existing systems to determine traffic

quality and safety indicators

In the arsenal of measuring devices that are currently used in testing rolling
stock for admission to operation on railways, there are no regular systems suitable for
determining the forces directly in contact with wheels and rails. Instead, rail crew
responses in the form of mechanical stresses are measured in structures that are
affected by wheel-rail interaction forces.

There are two ways of measuring the interaction forces between wheels and
rails:

1 — due to deformations of the elements of the upper structure of the track;

2 — due to deformations of elements of running parts.

The first method 1s used mainly in tests regarding the effect of rolling stock on
the track and consists in equipping a certain section of the rail track with measuring
devices. That is, the measurements are carried out on a limited section of the
track.Today, stationary devices are quite common, with the help of which the
technical condition of the rolling stock is monitored in trains passing through
measuring sections of the track.Localization of stationary means of measuring force
action on the track is in a certain sense useful from the point of view of detecting
defects on the rolling surfaces of the wheels in order to evaluate them and make
decisions regarding the removal, if necessary, of wagons from trains for repair.

The current methods of full-scale tests of rolling stock on railways with a gauge
of 1520 mm provide for the determination of traffic safety indicators, namely the
coefficients of the reserve of stability of wheel pairs against derailment, based on the
forces acting on the frame structures of the running parts on the wheel pairs, that is, on
the frame forces. Further, the corresponding calculation is carried outan attempt to

estimate the ratio of forces acting in the contacts of wheels and rails.
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In addition to the fact that the frame forces do not give a direct picture of the
force interaction between the wheels and the rails, when conducting running tests of
the rolling stock, schemes are used, the reliability of the data obtained with their help
is questionable. From this follows the need for scientific substantiation of technical
proposals regarding direct measurements of the forces of interaction between wheels
and rails to determine the actual margin of stability of wheel pairs from derailment.
This will make it possible to increase the level of train traffic safety and increase the
effectiveness of forecasted evaluations of dynamic indicators of rolling stock, which
will generally improve the conditions for the prevention of traffic events related to
derailment of wheelsets.

Modern approaches to the assessment of traffic safety conditions, based on the
direct determination of the interaction forces between wheels and rails, have no
alternatives when it comes to the introduction of high-speed passenger transport. At
the same time, it is advisable to take advantage of the experience gained by the
railways of the world in the introduction of high-speed and high-speed traffic. This
experience shows that k the fundamental solution to the problem of determining the
actual margin of stability of wheel pairs in a rail track is the direct measurement of
the interaction forces between wheels and rails.

Experimental studies of traffic safety conditions on EU high-speed rolling
stock railways are based on application measuring wheel pairs, that is, wheel pairs
equipped with devices for direct measurement of the interaction forces between
wheels and rails. According to this method, the forces of interaction between the
wheel and the rail are measured with the help of strain gauges installed on the
elements of the wheel pair and combined into the corresponding strain gauge bridges.

The use of measuring wheel pairs gives a number of advantages. Such
instrumentation provides direct measurement of instantaneous values of contact
forces in the wheel-rail system. Direct measurement is opposed to indirect or
approximate, which involves determining the forces of interaction of wheels with

rails due to deformations of the supporting structures of the running parts.
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Among the methods of experimental determination of the wheel-rail interaction
forces, the method based on the deformation measurements of the wheel disks is
gaining widespread use nowadays. There are a number of different projects within
this method. The basic principle is the measurement of stresses in specific places on
the wheels.

The Swedish firm Interfleet Technology occupies a leading position in the
technology field of so-called instrumented wheel pairs. Currently, on the basis of 50
years of experience, Interfleet Technology has developed projects for measuring
wheel pairs IWT (Instrumented Wheelset Technology), among which the ITWT3
system is intended for wide use with the ability to measure forces with high-

frequency components (Fig. 1.8).

Figure 1.8 — Wheel pair of the system IWT3
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The new IWT4 system is fundamentally different from previous projects, using
radio telemetry and new software. This system offers a solution using existing wheel
pairs without any structural interventions, such as drilling or other machining (Fig.
1.9).

For technologylWT4measurement of the interaction forces between wheels
and rails is carried out using the method of wireless transmission of readings from
the strain gauges installed on the wheel pairs to the processing system in the train.

Figure 1.8 shows a demonstration display of the IWT4 equipment (Figure 1.9a) and

an example of its use on full-scale tests of rolling stock (Figure 1.9b).
[

Figure 1.9 - Wheels with equipmentIWT4

In the systemIWT4with signals are digitized on the wheel using a specially
designed analog-to-digital converter. This minimizes the length of cables carrying
analog signals, thereby reducing the risk of electromagnetic interference degradation
of signal quality. The analog-to-digital converter processor, mounted on the wheel
pair, provides anti-interference filtering, time requantization and data conversion,
after which the digital signals are transmitted using radio telemetry. This, in turn,

eliminates the need to use current collectors or other devices. The on-board radio
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receiver receives the signals, which are then processed in real time using force-
calculating software.

As part of the development process, the system was tested by IWT4 on
passenger and cargo crews, using both standard and shortened axles, on driven and
non-driven wheel sets, and at speeds in excess of 250 km/h. The system was also
tested on interference resistance, temperature test in a climatic chamber, shock and
vibration test. The conducted tests confirmed compliance with the requirements of
European directives.

KMT Kraus Messtechnik GmbH (Germany) devices are also an advanced
system, in particular the MPT-NT model. Based on the fact that the measurements are
carried out on an element that rotates, wireless data transmission is used from strain
gauges located on the wheel discs to the receiving unit of the equipment. Each sensor
module is equipped with a signal converter, anti-spectral filters, an ADC converter
and a digital output. Up to 32 modules can be used, which are controlled by a
decoder. This structure allows the data acquisition modules to be installed close to the
sensors to provide a short distance for the analog sensor lines, which avoids
unwanted interference. For interference-insensitive digital outputs, the distance to the
encoder module can be up to 5 m. The output of the encoder is presented as a stream
of PCM binary signals that can be modulated for the transmission unit.

Different types of high-frequency transmitters allow the system to be used for a
wide range of measurements. The system can be used at different distances at
different transmission speeds (40, 320, 640, 1280 or 2560 kbit/s). The schematic

diagram of the measuring system is presented in Figure 1.10.
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Strain gauges are assembled in such a way that they form a strain gauge half-
bridge. Figure 1.11 represents the interaction of the strain gauge half-bridge with the
MTP-NT storage equipment module. The MTP-NT equipment allows compensating
for asymmetries of the strain gauge bridge. Channels of the MTP-NT equipment are
used to measure deformations using strain gauges. In addition, if necessary,

acceleration sensors can be connected to the MTP-NT equipment.
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Figure 1.11 — Connecting the strain gauge bridge/half bridge
to the storage module
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Figure 1.12, 1.13 shows examples of the use of the system in railway transport

and the general view of the system.

Figure 1.13 - General view of the measuring system

34



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

1.4 Analysis of existing projects to improve the quality and safety

indicators of carriage movement

This section presents general information on the types of individual three-
clement bogies, which are analogues of 18-100 with improved technical and
economic indicators, the main differences of which are increased intervals between
repairs, improved dynamics indicators, technological features of manufacturing and
maintenance. The list of analogues of type 18-100 bogies includes: bogie 18-4112
Dniprovagonmash (Fig. 1.14), 18-9771 "PromtractorVagon" (Fig. 1.15), 18-9810
OJSC "NVC "Vagony", Tikhvin Wagon Building Plant (Fig. 1.16) and 18-9800
VNIKTI (Kolomna) (Fig. 1.17), Barber S-2-R (fig. 1.18), 18-7020 Kryukivskyi VBZ
(fig. 1.19) and 18-194-1 OJSC "NPK" Uralvagonzavod (fig. 1.20), bogies model
18-578 and18-9836 JSC NPK Uralvagonzavod (Fig. 1.21 and 1.22, respectively),
bogie model 18-4129 "Sofia-Invest" LLC (Fig. 1.23), 18-9750 "Vagony" NVT (Fig.
1.24), bogie 18-7033 type 3 Kryukiv VBZ (Fig. 1.25), bogie 18-7055 type 2 Kryukiv
VBZ (Fig. 1.26). Figure 1.27 shows a ZK-1 type bogie. Figure 1.28 shows an
examplepromising welded structure of the side frame of the bogie, which is currently
undergoing bench resource tests at the E. O. Paton Institute of Electric Welding.

The main project of modernization of type 18-100 bogies in Ukraine is the
modernization of C 03.04 with the use of constant contact sliders by A. Staki,
improvement of wedges, wheel grooving according to the ITM-73 profile. Analogous
are modernization projects C 14.01, M1698. The most profitable is the modernization
of new wagons according to the C03.04 project. The discounted payback period is 2.1
years for the C 03.04 project and 2.3 years for the M1698, which 1s more than twice

as effective as for other modernizations. It is advisable to modernize according to the
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C 03.04 project during depot repairs, starting with the first depot repair, when the

wagonis in service for up to 15 years.

Figure 1.15 - bogie18-9771 "PromtractorVagon"
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e —

Figure 1.16 — bogie 18-9810

000320,

Figure 1.18 - Barber S-2-R bogie
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Figure 1.19 - bogie 18-7020

Figure 1.20 - bogie18-194-1
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Figure 1.23 —bogie 18-4129
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Figure 1.24 — bogie 18-9750
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Figure 1.25 — bogie 18-7033 type 3
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Figure 1.26 - bogie 18-7055 type 2

Figure 1.27 - ZK-1 bogie
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Figure 1.28 — Perspective welded structure of the side frame of the bogie

The basic and more modern than the three-element bogies is the Y25 type
bogie (Fig. 1.29), which is the main one in the EU. The frame of the bogie is made of
die-welded, closed structure. Single-stage box spring suspension with a friction
wedge dampener. The bogie frame is supported by double-row cylindrical springs on
the inflows of the box bodies. The box body is held by a jaw and has a limited
movement in the vertical plane. The brake lever transmission is made with two-sided
pressing of the brake pads on the wheel. Two short ventilated brake pads are attached
to each brake shoe. The bogie is equipped with elastic sliders of constant contact. The
suspension of the bogie is made spherical. The Y-31 and Y-37 bogies with improved
dynamic qualities were created on the basis of the Y-25 bogie.

Currently, the introduction of a bogie based on the Y25 type for 1520 mm track
and railways of Ukraine is relevant due to higher speeds, proven efficiency on 1435

mm tracks and a much lower dynamic impact on the rail track.
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Figure 1.29— Y25 type bogie

The most recent development among the bogies of (non-motorized) wagons
today is the "EfWING" bogie (Fig. 1.30), which uses carbon fiber springs.
Conventional bogies use steel side frames and independent springs. Using a carbon
tiber spring, efWING combines the functions of these individual components, i.e. the
carbon fiber side frame is a load-bearing and elastic-dissipative element at the same

time. This approach makes it possible to reduce the weight of the bogie by up to 40%.

Figure 1.30 — "EfWING" brand bogie with elastic-dissipative

load-bearing elements
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CONCLUSIONS ON SECTION 1

According to the results of the review and analysis of scientific and technical
materials on the topic of the study, the problems of the operation of wagons were
analyzed, and the problems of experimental evaluation of quality and traffic safety
indicators were analyzed.

An analysis of research and existing systems for evaluating indicators of traffic
quality and safety was carried out, a review of technical solutions that improve
indicators of quality and safety of traffic of freight wagons was carried out.

The need for the development of scientifically based recommendations
regarding direct measurements of the forces of interaction between wheels and rails

to determine the actual margin of stability of wheel pairs from derailment was noted.
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SECTION 2
METHODS AND APPROACHES FOR ASSESSING INDICATORS OF
QUALITY, TRAFFIC SAFETY AND TECHNICAL CONDITION OF
WAGONS

2.1 Measurement of deformations of load-bearing structures.

General information

To measure the mechanical stresses in the surface layers of the elements of the
load-bearing structures of the rolling stock, the methods and means of strain
measurement are used, that is, strain gauges and recording equipment. The operation
of the tensor resistor is based on the tensor effect of the conductor or semiconductor,
which is attached to the surface of the supporting element of the structure with a
special glue. Thus, deforming together with the metal element when it is loaded, the
strain gauge changes its electrical resistance.

Tensor resistors are divided into wire, foil and semiconductor tensors by design.
The wire strain gauge, schematically depicted in Figure 2.1, is a wire spiral 1 placed
between two layers of thin paper 2. Terminals 3 are soldered to the spiral for
connecting the strain gauges to each other in an electrical circuit. Constantan (copper
and nickel alloy) or nichrome (nickel and chromium alloy) wire is used for strain

gauges. The diameter of such a wire is 0.015...0.025 mm.
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Figure 2.1 - Tensor resistor diagram

Foil strain gauges are made by etching or stamping from Constantan foil fixed
on a film or paper base. Semiconductor strain gauges are made of semiconductor
materials in the form of thin strips of germanium or silicon with soldered metal leads.
Such strain gauges have a sensitivity 1-2 orders of magnitude higher than wire or foil
ones.

The main characteristics of strain gauges are nominal resistance R, base 1 (see
Fig. 2.1) and sensitivity y. The sensitivity of the strain gauge is defined as the ratio of

the relative change in resistance to its relative elongation:

o =%

2.1)

s
I

where AR— change in the resistance of the tensor when it is deformed; — relative
elongation of the conductor.

The change in resistance of the strain gauge during deformation is very small,
usually of the order of several hundreds of Ohms. One of the most convenient means
of measuring such changes is the Wheatstone bridge. It includes four resistors
connected to a DC power supply, as shown in Figure 2.2.

If R, = R, = R; = R,, this indicates that the bridge is balanced, and the voltmeter
connected to the measuring diagonal of the bridge will show 0 V. The principle of
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operation of the bridge circuit is that the electric current flowing through the resistors
in the case unbalanced state of the bridge creates a potential difference in the

measuring diagonal, and an electric current will flow through the measuring device.

Figure 2.2 — Wheatstone bridge connection diagram with balancing

In order to measure stress, the resistors shown in Figure 2.2 are replaced by one
or more strain gauges (which are usually variable resistors whose resistance changes
with changes in stress). At the beginning of the test, a balancing potentiometer is used
to balance the bridge, setting 0 V on the voltmeter. Applying a test load will change
the resistance of the strain gauge and bring the bridge out of balance, producing a
voltage proportional to the applied stress.

The bridge can contain one, two or four strain gauges according to the schemes
shown in Figure 2.3 such a configuration is known as one fourth, half bridge and full
bridge, respectively. Of these three schemes, one fourth of the bridge will have the
lowest sensitivity. Failure to do so may result in errors, as strain gauges are sensitive
to thermal effects. In order to prevent this, one of the strain gauges adjacent to the

active one can be replaced by a so-called compensation one. This strain gauge is
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identical to the active one, is in the same ambient conditions, but is not subjected to
the load, which is achieved, for example, by installing it on an unstressed part of the
object being tested. Both strain gauges are subjected to the same temperature
changes, and as a result, the effect of any resulting effect on the balance of the bridge

due to thermal effects i1s canceled out.

R1 R2

12

13 14

R3 R4

Figure 2.3 — Configurations of bridge schemes

A half bridge will have a higher sensitivity than a quarter bridge because the
additional strain gauge will produce a larger unbalanced voltage across the
Wheatstone bridge. The presence of two active strain gauges also excludes any
thermal effects as described above. Of the three schemes, the full bridge has the
highest sensitivity. In addition, it is self-compensating for temperature changes.

It should be noted that changes in the output voltage from bridges for

measuring mechanical stresses are usually very small and therefore need to be
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amplified as close to the bridge as possible. Cable lines must be fully enclosed and
shielded to prevent distortion of test data.

When measuring the deformation of the surface of the wheel disc, a statistical
method was adopted to estimate the measurement error with a probability of P=0.95.
The deformation & measured by the device under a unit load is determined by the

formula:

_ pUput
Ei - K'Upov, (21)

. 1on
In which, U,,,; = ~Di=1 Ui out

where p = 2— for a half-bridge scheme; U,,, — voltage of the measuring system

supply, V; U, the average value of the output voltage, mV; K is the coefficient of

tensile sensitivity (1.9 - 2.04).

Average arithmetic value of deformations ¢ determined by the formula:

c = Ei:l(gi), (2.2)

m

where m is the number of measurement points.

Mean square deviation of measurement resultsg(A), determined by the

formula:

5(A) = 2.3)

The sum of random and non-excluded systematic errors is determined by the

formula:

49



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

L2
o(A)= \/ G(8) +61(A)" +8,5(Ay)° 2.4)

where g (A, ) - the non-excluded remainder of the systematic error caused by the error

of the measuring system; &, (A ) - the non-excluded remainder of the systematic error

due to the error of the strain gauges. Upper A ,and the lower one A ,measurement
error limits are determined by the formula:

A,=A=tpc(A), (2.5)
where #, 1s the Student's coefficient, which depends on the number of measurements

and the given probability.

2.2 Measurement of forces by local deformations of the bogie frames

Tensometric bridges are widely used in carrying out static strength and dynamic
running tests of rolling stock. For example, the method of determining vertical and
horizontal transverse (frame) forces acting on wheel pairs, according to the rules that
are currently in force on railways with a gauge of 1520 mm, involves the
measurement of deformations of the bogie frames.

Strain gauges are pasted on the outer and inner sides of the side frames and
assembled into circuits that have, as a rule, good sensitivity with sufficient
compensation for temperature deformations. This method allows you to continuously
measure horizontal (frame) and vertical forces when moving along a track section of
any length.

Figure 2.4 shows the diagram of the installation of strain gauges on the frame of
the 18-100 bogie and their connection into half-bridge circuits for measuring vertical

and frame forces.
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Figure 2.4 — Schematic of strain gauge placement on the bogie frame

The characteristics of the force action measured in this way in the "bogie frame -
wheelset" system are calculated using the calculation method to estimate the forces of
interaction between the wheels and the rails, the ratio of which determines the so-

called reserve coefficient of stability of the wheel from leaving the rail.

2.3 Measurement of forces of direct interaction of wheels with rails

One of the important aspects in the system of direct measurement of the forces
of the contact interaction between wheels and rails is the determination of the zones
of deformation sensitivity on the wheel disks from the action of vertical and lateral
forces. From the determined zones, it is important to localize those in which the

deformations were the result of the action of forces in one direction.
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To determine these zones, a finite element calculation was performed for three
calculation schemes:

a) vertical load of the wheel pair;

b) loading by vertical forces and forces from the action of the tare systems;

in)loading of the wheel pair by vertical and horizontal forces when passing
curved sections of the track.

Below are the results of the characteristic calculations for the specified load
patterns of the wheel pair.

Vertical load. Based on the task of the research, in order to ensure greater
visibility of the results, the maximum value in the legend of the graph was reduced to
10 MPa, since these are the stresses that occur on the wheel disc.

Figure 2.5 shows a picture of the distribution of calculated stresses in the
elements of a wheel pair under the action of a vertical load. As can be seen, the
greatest stresses occur in the wheel disc at the point of transition of the disc to the hub
part of the wheel and amount to 7.78 MPa, as well as in the hub transition between

the neck and the hub part - 46 MPa.

Figure 2.5 — Diagram of equivalent stresses arising in a pair of wheels

under vertical load
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In the axis of the wheelset, which mainly works for bending, the stresses in the
cross sections are unevenly distributed, reaching the largest values in the outer fibers

and the smallest in the inner ones, as shown in Figure 2.6.

von Mises (Nmm*2 (MPa))
463

449

Makc: 46.9

Figure 2.6 —The graph of equivalent stresses arising in a pair of

wheels (in cross-section)

Figure 2.7 shows the diagram of normal radial stresses.
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Sensitive areas to vertical load

Figure 2.7 — Diagram of normal radial stresses under vertical loading
Figure 2.8 presents a graph of equivalent stresses, from which it can be seen that

when simulating the action of the tare device, the greatest stresses occur in the places

between the hub part and the disk and amount to 10.49 MPa.
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won Mises (Nimm™2 (MPa))

Figure 2.8 — Diagram of equivalent stresses arising in a pair of wheels when loaded

with a tare device

SY (M2 (MPs))

P Sensitive areas to lateral load during tare

Figure 2.9 — Chart of normal radial stresses during calibration
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Figure 2.10 shows a graph of equivalent stresses, from which it can be seen
that when simulating the action of a lateral load, the greatest stresses occur in the

places between the hub part and the disk and are equal to 12 MPa.

von Mises (NAnm*2 (MPa)

Figure 2.10 —The graph of equivalent stresses arising in a pair of wheels

when loaded with vertical and lateral loads
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SY (MAmM*2 (MPa))
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Sensitive areas to lateral load during tare

Figure 2.11 —Diagram of normal radial stresses under the action of

vertical and lateral forces

Thus, the most sensitive zone is zone III, but it is also the most sensitive to
vertical load. Therefore, to measure the lateral load, you should choose zone 11, which
is practically sensitive only to lateral forces, and to measure the vertical load, choose
zone L.

Places of tensor resistors on the disc of a wheel pair and methods of their

inclusion in the measuring scheme should be such that, with sufficient sensitivity of
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the scheme to the measured force, influence on the scheme of the force of the other
direction is excluded.

Thus, for separate registration forces, acting on a pair of wheels, it is necessary
to determine the places of the tensor resistors sticker, each of which sensitive only
until strength, acting in one direction.

To determine the sensitive zones of action of the vertical and lateral load on the
wheel, a diagram of the arrangement of tensor resistors (Figure 2.12) and the
coordinates of the location of the tensor resistors on the wheel of the measuring
wheelset was developed. The distance between tensorresistors, sensitive only to the

horizontal or only to the vertical forces, is about 55 mm.

Figure 2.12 - Schematic of placement of tensor resistors on the

wheel of the measuring wheelset
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2.4 Measurement of dynamic indicators of rolling stock

In order to measure and evaluate the dynamic load of the crew part of the rolling
stock, a low-frequency experimental accelerometer of the UM type was developed. In
order to use this accelerometer for measuring accelerations on rolling stock, a cubic
body was developed. The choice of this design of the accelerometer housing is
determined by its ease of use. The created accelerometer is an accelerometer with
dimensions of 35x35x31 mm. It consists of a case, a cover, a board with a
microcircuit and an electrical connector, as well as fastening elements (magnet, bolts,
washers, nuts).

The housing has a cut-out in which the board with the ADXL 278 microcircuit is
placed on one side and the electrical connector is installed on the other. The cover
and the electrical connector are filled with epoxy glue. The general view of the

accelerometer is shown in Figure 2.13.

4 ~ 04
/
5
35
S D4
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®

Figure 2.13 — Low-frequency experimental accelerometer type UM
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The board includes an Analog Devices ADXL 278 microcircuit. The soldering

scheme is shown in Figure 2.14.

Figure 2.14 — Board with the ADXL 278 chip

The production of the board together with the microcircuit was fully performed
according to the technical requirements of the manufacturer of the microcircuit
ADXL 278 (temperature and soldering profile), which are specified in the passport.

The schematic diagram of the accelerometer is shown in Figure 2.15.

+5V 1
L Li 6 Rk {

X . OUT X 3
c1 —f’ {
1.0 mF adxl 278 =i TEST ¢
6 2 R2K '

Y * - ouUT Y 2

3 =1n

5V 4
— ] L] — T 1

7

Figure 2.15 — Schematic diagram of the accelerometer
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The test batch of accelerometers has undergone testing and metrological

certification as a means of measurement.

Table 2.1 shows the general technical requirements for accelerometers, which
must be used when running dynamic strength tests to determine the dynamic load of

running parts under the conditions of rolling stock operation.

Table 2.1 — General technical requirements for accelerometers

No Accelerometer Recomme Operating | Additional requirements
installation area nded frequency
range, range
m/s2 (microcircuit
sensitivity),
Hz
1 | Box knot +/- 500 0...100 a) general
(0...250) transmission of
2 with single- +/- 100 0...100 frequencies in the
stage spring (0...250) range of 0.4 Hz +0.5
suspension dB;
bog . :
+/- 50 0...40 b) non-linearity and
ie | with two or _
(0...100) hysteresis: — < 0.3%
more degrees of ,
measuring range;
suspension o
¢) sensitivity of
3 | Body +/- 15 0...20 intersecting axes:
(0...50) <0.05 (m/s)2 ;
d) temperature effect:
- for <3% of the

measuring range;
- for sensitivities <

5.10% — 4.0/0C.

Fomin O., and
Prokopenko P.
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The measured accelerations can be used as indicators of the quality of the track
geometry and to detect local geometric deviations affecting the dynamic behavior of
the rolling stock. These measurements should be used in conjunction with basic
parameter measurements.

Measurement of accelerations should be carried out in specified places on the
body and bogies, depending on the need for a specific assessment. Thus, the vertical
accelerations of the boxes are measured to detect defects on the rail surfaces and
isolated geometric irregularities. Transverse accelerations of the bogie are used to
detect irregularities with short waves. According to the lateral and vertical
accelerations of the body, track defects are detected, which affect the dynamic
indicators of comfort.

The sampling frequency should be at least 2.5 times higher than the cutoff
frequency applied to the signal. Measurements of the accelerations of the bogies and
the body must be performed in the working speed range for the line within the
tolerance of +/ -10%.

In order to measure displacements and evaluate dynamic qualities, cable
displacement sensors are used (Fig. 2.16). Cable sensors measure linear displacement
using a steel cable. At the same time, the cable drum is connected to a sensitive
element that converts the movement of the cable into an output linear signal. The
measurement is performed with high accuracy and dynamics. Mounting grooves on

four sides of the sensor ensure ease and reliability of installation.
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Figure 2.16 — Cable-type movement sensors

Based on the comparative characteristics of the static deflections of the four
types of bogies Y-32, GP-200, KVZ TsNII, 68-7007, displacement sensors with the
following measurement ranges were determined to be optimal: 300 mm — for
measuring displacements in the primary suspension stage, 625 mm — in the secondary

suspension stage.
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CONCLUSIONS ON SECTION 2

The section offers three methods and approaches for evaluating quality
indicators, traffic safety, and the technical condition of wagons.

The method of measuring the mechanical stresses in the surface layers of the
elements of the load-bearing structures of the rolling stock by the tensometry method
allows to assess the indicators of the technical condition and safety of the movement
of the railway rolling stock in its defined dangerous zones. For example, this method
allows you to determine the vertical and horizontal transverse (frame) forces acting
on wheel pairs, according to the rules that are currently in force on railways with a
gauge of 1520 mm.

The method of measuring contact forces: due to the deformation of the discs of
the wheels of the wheel pairs. The proposed method of measuring contact forces
makes it possible to directly measure contact forces, thereby evaluating the real
traffic safety indicators for this experimental rolling stock, in contrast to the existing
method: measurement by deformations of bogie frames, which gives only an indirect
assessment and does not apply to the conditions of passenger train traffic above 140

km/h.
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SECTION 3
IMPROVING MEANS AND APPROACHES FOR ASSESSING SAFETY
INDICATORS AND TECHNICAL CONDITION OF FREIGHT WAGONS

3.1 Mathematical support for determining safety indicators and technical

condition of freight wagons

Software evaluation of the obtained experimental data of movement quality
indicators developed in the LabView software shell.

The LabView software system implements the process of in-depth processing of
the results of running dynamic tests to identify connections between the oscillating
processes of load-bearing structures, estimate the frequencies at which the interaction
between them occurs and the levels of interaction.

The above-mentioned processing of the test results consists in performing a
correlation and spectral analysis of the processes investigated for various elements of

the load-bearing structures. The values measured during the tests are compiled into a

multidimensional time series X(t)=[X1(t)], in which each row is a one-dimensional

p(t)
row of one measuring channel. X, (t) = [xp1 e Xy en xpN]

Figure 3.1a and 3.1b shows the block diagram of the developed software for
evaluating the received experimental data of traffic quality indicators and consists of

5 main blocks.
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Figure 3.1 is a diagram of the software for evaluating the

obtained experimental data

In block 1, the input parameters for processing the results are set and the place

of creation of the resulting file is indicated (Fig. 3.2).
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in file
Figure 3.2 — Scheme of block 1

In block 2, primary binary data is read from primary files. Data conversion from

binary to text and numbers (Fig. 3.3)

Waveform Chart
[ -
e

Figure 3.3 — Scheme of block 2
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In block 3, the array of data used in further work is defined (so many values of
strain gauges, accelerometers, GPS are obtained). The number of received GPS
values is determined in relation to the number of values obtained from tensors and

accelerometers, an array of values is formed that come to one GPS value (Fig. 3.4).

— L
L
% “Wwdom\Guph

o]

Figure 3.4 — Scheme of block 3

In block 4, the array of data is filled that meets the previous requirements for

processing in block 1: speed ranges, the number of values per range, etc. (Fig. 3.5).
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Figure 3.5 — Scheme of block 4

In block 5 (Fig. 3.6), the resulting file based on the accumulated array of data in

block 4 is written in text form and represents an oscillogram (Fig. 3.7).

FJL:

E | [A_wnitere VA Write file

Figure 3.6 — Scheme of block 5
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Figure 3.7 — An example of an oscillogram of the resulting file from t

he measurement of accelerations

Next, the resulting file must be filtered with a linear digital filter.
A specialized software module in the LABVIEW software shell is used to
evaluate the smoothness index of rolling stock.

The software module is a finished application, the input data of which are the
digitized oscillograms received from the acceleration sensors and registered by the
software hardware recorder based on the programmable controller after initial
processing.

The result is the smoothness index value W for the input registration.

The input data for the application is presented in the form of a two-dimensional
array (1, j), where the column is the number of the measuring channel, and the line is
represented by the function F(t).

The general appearance of the LabView block diagram is shown in Figure 3.8.

70



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

[ fumrp
—Eﬂ ]

=& B .
e fooa] B> B> F)E‘)P

= |

Figure 3.8 — Block diagram of the developed filter

The algorithm of the application is as follows:
The size of the input block for calculations is determined. The size of the input

block is determined by a base-2 number.

Data 1d array ch

Using a built-in LABVIEW function, a Fourier transform is performed to

construct the power spectrum.
|

=1——
ﬂ ............

TJ_ FiH)

— |Real FI-_I"F]

On the basis of the Fourier transformation, frequency arrays and a data array are
built in the given frequency range from 0.5 Hz to 20 Hz.
The values of the normalized amplitude-frequency characteristic of the

correction filter qu(f) are calculated according to the formula:

_ (140,1f2)
q.(f) = 1'1SfJ(1+4,04f2)((1+0,0364f2)2+0-045f)

3.1
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The final smoothness indicator W for the input array is calculated by the
formula:

W=a- 4:1’273

where a=4.346 for vertical oscillations;

0=4.676 for horizontal (transverse) oscillations;

a9~ mean square value of vibration acceleration at the output of the correcting

filter, m/s

<

The Butterworth digital filter function of the LABVIEW software shell (Fig.

3.9) 1s used to assess safety indicators and quality of rolling stock movement.

filter type
sampling freq: fs  [[001 l—l

high cutoff freq: fh |L051 !fﬁ X ey
low cutoff freq: fl |[0BL ¥

order

Figure 3.9 — Block diagram of the Butterworth filter
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The transfer function of the Butterworth filter is given below:

K(w)=r—=, (3.2)

where w,- cutoff frequency (it is 1 rad/s), n is the order of the filter.

The transmission coefficient at 0 is often 1, at the cutoff frequency, regardless of
the order of the filter, it is 1/4/2= 3dB. At which approaches to w ooFrequency
response approaches zero. The amplitude-frequency characteristic of the Butterworth
filter 1s maximally flat at w=0 and w=oco. In general, the amplitude-frequency
characteristicdecreases from 1 to 0 when the frequency changes from 0 to « (Fig.

3.10).

AFC FFC

Figure 3.10 - Characteristics of the Butterworth filter

Figure 3.11 shows the results of signal filtering, before filtering (Figure 3.11 a)
and after (Figure 3.12 b) passing the filter.
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Figure 3.12 — An example of filter operation

3.2 Software for collecting and registering safety indicators and technical

condition of wagons

The software of the data collection and registration system performs registration,

storage and visualization of changes in information channels (accelerometers, strain

gauges). GPS module readings are used to analyze the influence of speed of

movement on changes in research parameters.
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The developed acquisition subsystem provides the operation of the
CompactRIO controller with a chassis of 8 modules with a built-in programmable
logic integrated circuit (PLC) and two universal 9205 ADC modules with a
maximum sampling frequency of 250 kHz and five 9237 strain gauge modules with a
maximum frequency of 50 kHz per channel, module - GPS signal receiver.

Thanks to the built-in FPGA, CompactRIO has the ability to implement
measurement data processing algorithms at the hardware level with a deterministic
execution time of 25 ns without transferring the load to the central processor of the
controller. A typical CompactRIO setup includes a controller with a PharLab or
VxWorks real-time operating system, a chassis, and I/O modules. The chassis carries
the FPGA core, is directly connected to universal or specialized input-output modules
that have built-in means of matching and processing information signals. There are
different chassis models that have different numbers of module slots and differ in the
characteristics of the FPGA chips.

Due to its autonomy, hardware and mass-dimensional characteristics, as well as
the ability to work in adverse conditions, CompactRIO can be used to solve a wide
range of tasks related to the collection of measurement information and process
management.

Most of the software for CompactRIO is developed according to a scheme that
assumes its conditional separation into three levels: a virtual device HOST VI on a
PC with a Windows operating system, an RT VI on a controller with a real-time OS,
and an FPGA VI on a FPGA that does not have its own OS, since the logic of the
program was implemented directly at the hardware level. Each of the presented levels
has its own specific functionality and implements individual functions of the system
as a whole [61].

Typical tasks performed using the HOST VI on a Windows computer are:
- data storage on the computer and access to databases; - integration with
external information systems; - organization of the interface.

Typical tasks performed in RT VI on a real-time controller:
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- data processing; - management; - saving data in the built-in memory of the
controller and on external media. Typical tasks performed in FPGA VI on the FPGA:
- input-output operations; - hardware clocking and control of the process of
interaction with the equipment; - low-level processing of measurement signals.

An FPGA 1is a chip whose functionality is defined by programming or
"configuration", which is the more common term when working with this class of
integrated circuits. The LabView FPGA Module package is an addition to the
LabView software environment, which allows you to specify the logic operations of
the FPGA in the form of a regular virtual device instead of programming it using a
specialized VHDL language. This package allows you to create programs with
synchronous and asynchronous parallel loops that are executed at the hardware level
and provides time-deterministic data collection and analysis.

The LabVIEW FPGA Module software package completely takes over the
multi-step process of converting a virtual device into binary FPGA code. At the first
stage, the virtual instrument is converted into text code in VHDL language, which is
then compiled by the standard Xilinx ISE industrial compiler into binary form.
During the compilation process, the code is optimized according to the speed of
execution and the number of logic gates involved.

The result of compilation is a binary file, which completely defines the
configuration of the FPGA. When the program starts, the binary file is loaded on the
chassis, that is, the FPGA configuration process takes place. The binary file can be
written to the built-in flash memory and automatically loaded when the system is
turned on. The configuration is not saved when the power is turned off, so the binary
must be downloaded again after powering up again. With the appropriate
configuration, it can be loaded automatically from the flash memory of the FPGA
device or by the program using the controller.

FPGA VI virtual instruments can run completely independently of other system
components and remain functional even when the controller fails. Moreover, a buffer

can be organized on the FPGA, which prevents data loss in a similar situation.
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FPGA 1is primarily intended for timing, synchronization, control, data
collection and pre-digital processing of information signals, control of each input-
output module.

A virtual device for a CompactRIO controller usually includes two or more
loops: a loop with critical priority, in which the control and data processing
algorithms are implemented, and a loop with normal priority, which is responsible for
saving data, a remote web interface, and communication over an Ethernet network or
RS-232 bus.

To raise the data received from the modules to the level of the real-time
controller, the CompactRIO platform provides three ways: through the elements of
the front panel, using the mechanism known in LabView as local variables (Local
Variables), and through the DMA FIFO buffer. The first two approaches are
relatively simple from the point of view of implementation, but suboptimal from the
point of view of efficiency. At the same time, the DMA FIFO method allows you to
receive data received at high sampling rates from a large number of modules without
delay. One of the advantages of DMA mode is that data transfer occurs independently
of the central processor.

FPGA devices that support DMA FIFO buffers have direct access to memory,
unlike other methods that require the mandatory participation of the processor. Direct
memory access 1S implemented by capturing the PCI bus (bus mastering) by the
FPGA device, in which it gets access to bus management, and therefore, access to
memory, bypassing the processor.

The DMA FIFO buffer consists of two parts: one part is in the memory of the
FPGA, the other part is in the memory of the controller. The FPGA can be written to
or read from the buffer element by element using the FIFO Read and FIFO Write
methods, and the controller can be written to or read from samples of elements.
Communication between the two parts of the buffer is carried out using a software-

hardware DMA controller. Thus, from a software perspective, look like a single FIFO
buffer.
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The FPGA VI wvirtual device, placed on the FPGA, implements the
functionality of initialization, clocking, polling of data collection modules and
subsequent loading of the received readings into the DMA FIFO buffer. To ensure a
deterministic sequence of command execution, the structure of the programming
language in LabView "Flat Sequence Structure" is used, in which the elements of
polling modules and writing to the buffer are located.

The DMA FIFO buffer is polled cyclically at a time interval set by a timer at
the real-time controller level, after which the readings obtained as integers according
to the dynamic range and bit rate of the acquisition module are normalized by the
values of accelerations and deformations. The received data is sent to a virtual device,
which ensures their processing and storage on an external drive connected via a USB
bus.

CompactRIO controllers have a built-in USB 2.0 controller, but not all storage
devices support this standard, which can lead to significant recording delays, which,
in turn, lead to overflow of the DMA FIFO buffer and incorrect operation of the
system as a whole. In the presented system, there is no virtual control device placed
on a personal computer, and the LabView Remote Panel mechanism is used instead.
This function implements the so-called Client-Server model, where the server is the
controller, and the client is any computer with LabView installed. By default,
CompactRIO is licensed for one external connection, but the number can be
expanded. To activate the Remote Panel on the controller, it is necessary to activate
the Web server in the project settings and select those virtual devices to which remote
access must be allowed. This function allows you to significantly reduce the time
required for the development of HOST VI, but it can create a load on the data
transmission network [79].

In addition to the collection modules, for time synchronization and acquisition
of current speed and coordinates, a GPS receiver is also connected to the controller,
which is installed on the chassis in the same way as standard modules. Because the

receiver is manufactured by a third-party company, the LabView Real Time Module
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does not have a standard means of acquiring GPS data, so it uses a set of closed
virtual devices installed separately to interact with it. In addition, to ensure the correct
functioning of the module as part of the project, the SubVIs supplied with the module
should also be added to the FPGA VI. If the initialization is successful, the GPS data
1s presented as a cluster or directly in a text format that can be used to debug the

software or perform other tasks.

3.3 Study of indicators that affect the quality of carriage movement

To study the dynamics of a freight wagon, hopper wagons for the
transportation of bulk cargoes that do not require protection from atmospheric effects
converted from cement wagon and mineral wagon were selected, a dynamic model
was developed in the licensed software complex "UM 6.0", adjustments were made
taking into account the design features of converted hopper wagons on bogiess
models 18-100 (body, wagon base, centers of mass) with the possibility of varying
the condition of the track, the technical condition of the wagons, and the weight of
the container.

The model of the wagon was built using the solid body system (SST) approach,
according to which the studied mechanical system is represented by a set of solid
bodies connected by hinges and power elements. The wagon model includes 19 rigid
bodies: body, 2 beams, 4 side frames, 8 wedges, 4 wheel pairs. For each rigid body, 6
degrees of freedom are provided, thus the mechanical system has 114 degrees of
freedom.

When developing a computer model of the dynamics of a freight wagon, the
approach of subsystems was applied. The use of the subsystems approach in
modeling provides an opportunity to form subsystems of the same type once and use

them in the model the required number of times.

79



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

The lower level consists of subsystems of two types: four subsystems of the
wheel pair "KP_N", N = 1.4, and eight subsystems of wedges "Klyn K", K = 1.8.
Subsystem "Bogie M", where M = 1.2 is the number of the bogie, formed by two
included subsystems "KP N", N = 1.2 - for the first bogie and N = 3.4 - for the
second bogie; four included subsystems "Klyn K", K= 1.4 - for the first bogie, and K
= 5.8 - for the second bogie; as well as solid bodies: over-spring beam "Balka M"
and two side frames "Frame N" (N= 1.2 — for the first bogie and N = 3.4 — for the
second).General model of wagon contains one body "Body" and two included
subsystems "Bogie 1" and "Bogie 2".

The developed dynamic model, firstly, includes friction wedge dampers as
separate bodies, each of which is in contact interaction with the side frame and super-
spring beam, secondly, it contains a spatial description of the contact interaction of
the side frames with the wheel pairs in the axle assemblies, according to the third,
ensures the contact interaction of the wagon body with the super-spring beams in the
hinge units and sliders.

A pair of wheels. Permanent characteristics of the "KP_N" wheelset subsystem
(designation of the subsystem in the model), to which the mass and central moments

of inertia are assigned, are given in table 3.1.

Table 3.1 — Wheel set parameters

Parameter Identifier Value
Weight, kg mkp 1450
Moment of inertia about the longitudinal axis, ikp 875
kg'm’
Moment of inertia about the transverse axis, iky 200
kg m®
Moment of inertia about the vertical axis, kg m” ikp 875

According to the design features of the running parts of the wagon, which are
shown in the structural diagram of the model, each bogie contains two pairs of
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wheels. Wheel pair subsystems "KP N" are placed in the bogie subsystem in the

longitudinal direction at distances +xwheel (N = 1,2) and £xwheel (N = 3,4), where

xwheel is the half base of the bogie. Figure 3.13 presents a 3D model (visualization)

of a wheel pair of the dynamics model.
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Figure 3.13 — 3D model of a wheel pair
Table 3.2 — Inertial and geometric parameters of the wedge
Parameter Identifier | Value
Weight of the wedge, kg mklin 21.6
The moment of inertia of the wedge about the iklinx
Ny : 0.0810245
longitudinal axis, kg-m2
The moment of inertia of the wedge relative to the ikliny
0.103346
transverse axis, kg-m2
The moment of inertia of the wedge relative to the iklinz 0.1028
vertical axis, kg-m2 '
Coordinate of the center of mass of the wedge in the
o o xcklin -0.07612
longitudinal direction, m
The coordinate of the center of mass of the wedge in
zcklin 0.04842
the vertical direction, m
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According to the design features of the running parts of the wagon, each bogie
contains four wedges. The coordinates of the placement of subsystems "Klyn K", K
= 1.4 for the first bogie, and K = 5.8 for the second bogie, in relation to the
coordinate systems of the bogies, are determined based on the parameters, as shown

in table 3.3.

Figure 3.14 — Klin subsystem

Table 3.3 - Coordinates of the placement of subsystems "Klyn K"

Subsystem X y Z

Wedge 1 xklin b2 hkl — fst klin +r
Wedge 2 xklin -b2 hkl — fst klin+r
Wedge 3 - xklin b2 hkl — fst_klin +r
Wedge 4 - xklin -b2 hkl — fst_klin +r
Wedge 5 xklin b2 hkl — fst klin +r
Wedge 6 xklin -b2 hkl — fst klin+r
Wedge 7 - xklin b2 hkl — fst klin +r
Wedge &8 - xklin -b2 hkl — fst_klin +r
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The following notations are used in this table:

xklin— the distance in the longitudinal direction from the bogie axis to the
support point on the wedge, xklin = 0.335 m;

b2 — the distance in the transverse direction from the bogie axis to the support
point on the wedge; b2 = 1.018 m;

hkl— the distance in the vertical direction from the wheel axis to the support
point on the wedge with an undeformed spring, hkl = 0.089 m;

fst_klin— static deformation of the sub-wedge spring, calculated automatically;

ris the radius of the rolling circle.

To model the contact interaction of each wedge with the super-spring beam
and the side frame, four force elements of the point-plane type are introduced:

"InclPlane"— contact of the wedge with the upper spring beam, inclined contact
with the angle alpha;

"Frontal"— contact with the side frame, the points lie in a vertical plane;

"LeftPlane" -leftlateral contact of the wedge with the upper spring beam, the
points lie in the vertical plane;

"RightPlane"— the right side contact of the wedge with the super-spring beam,
the points lie in the vertical plane.

Each of these contact elements has four contact points on the body of the
wedge, the second body in contact is specified as the outer one. These force elements
are close contact type without autonormal detection. The coordinates of the contact
points and normal vectors of these force elements are defined as shown in tables 3.4-
3.6. The general parameters of the "Klyn K" subsystem and contact power elements

are given in table 3.8.
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Table 3.4 - Coordinates of the contact points of the "InclPlane" element

Parameter Identifier Value
Contact point 1, m —x_cont_low -0.1504
—w_wedge-).5+dy wedge - 0.069
z cont_low 0.0316
Contact point 2, m —x_cont_high -0.07615
—w_wedge-0.5+dy wedge -0.069
z _cont_high 0.10585
Contact point 3, m —x_cont_high -0.07615
—w_wedge-0.5—dy wedge 0.069
z cont_high 0.10585
Contact point 4, m —x_cont_low -0.1504
—w_wedge-).5—-dy wedge 0.069
z cont low 0.0316
Point of contact on —x_cont _low -0.1504
external body, m —w_wedge-0.5+dy wedge -0.069
z cont low 0.0316
Normal to the surface 0.7071
of the external body 0
-0.7071

Table 3.5 — Coordinates of the contact points of the "Frontal" element

Parameter Identifier Value
Contact point 1, m 0 0
—wfrontal 0.5 -0.089
- dzfrontal -0.015
Contact point 2, m 0 0
wfrontal 0.5 0.089
- dzfrontal -0.015
Contact point 3, m -hincl -0.00331613
wfrontal 0.5 0.089
hfrontal—dzfrontal 0.155
Contact point 4, m -hincl -0.00331613
—wfrontal 0.5 -0.089
hfrontal—dzfrontal 0.155
Point of contact on the 0 0
external body, m —wfrontal 0.5 -0.089
- dzfrontal -0.015
Normal to the surface of -0.9998
the external body 0
-0.0195
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Parameter Identifier Value
—X_cont_high
: — . -0.761513
Contact t1, w_wedge-0.5
ontact pomt . m z_cont_high—dy wedge -0.089
0.0858462
: —x_cont_low+dy wedge -0.1304
Contact point 2, m v wedge0.5 -0.089
z cont low 0.0316
. —x_cont_low+dy wedge+dxadditional -0.1004
Contact point 3, m w wedge0.5 0,089
z cont low 0.0316
: —x_cont_high -0.761513
Contact point 4, m w wedge 0.5 -0.089
z cont_high-dy wedge—dxadditional 0.0558462
Point of contact on the —x _cont high -0.761513
external body, m —w_wedge-0.5 -0.089
z cont_high-dy wedge 0.0858462
Normal to the surface of 0
the external body |
0

Table 3.7 - Coordinates of the contact points of the "rightplane" element

Parameter Identifier Value
. —x_cont_high -0.761513
Contact point 1, m w wedge0.5 0.089
z cont high—dy wedge 0.0858462
. —x_cont_high -0.761513
Contact point 2, m W wedge0.5 0.089
z cont_high—dy wedge—dxadditional 0.0558462
. —x cont low+dy wedge -0.1304
Contact point 3, m W wedge0.5 0.089
z_cont_low 0.0316
. —x_cont_low+dy wedge+dxadditional -0.1004
Contact point 4, m W wedge 0.5 0.089
z cont low 0.0316
Point of contact on the —x _cont high -0.761513
external body, m w_wedge-0.5 0.089
z cont high—dy wedge 0.0858462
Normal to the surface of 0
the external body -1
0
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Parameter Identifier Value
Contact stiffness at one point, N/m cklin 7-107
Contact dissipation at one point, N-s/m dklin 8-104
Angle of inclination of the friction bar on the : .
. . beta klin 1

side frame, in degrees -
Angle of inclination of the wedge to the super- | alpha 45°
spring beam, in degrees

— . ]
Angle of 1nch'nat101.1 of the wedge to the super ralph 078539816
spring beam, in radians
The width of the wedge w_wedge 0.178
Narrowing of the inclined contact plane, m dy wedge 0.02
Coordinate of the point of intersection of the ,
o . [ incl 0.182
inclined plane with the XY plane, m -
Displacement of the beginning of the inclined dx_cont incl 0.0316
plane, m )
The height of the inclined plane, m h_incl cont 0.0883883
Reduction of the length of the inclined surface | dl_incl cont high 0.02
due to rounding, m )
The length of the inclined contact plane .
—1 incl cont full-dl incl cont high Linel_cont 0.10499993

inate of th inning of the incli
x coordinate 9 e beglnnn'lg of the inclined © cont low 0.1504
surface (=1 incl-dx cont incl) -
x coordinate of the top of the inclined surface ) 0.07615383
_ X_cont_high

(=x_cont_low-1 incl cont*cos(ralpha)) - = 6
z coordinate of the b'egnmmg of the inclined = cont low 0.0316
surface (= dx_cont _incl) -
z coordinate of the top of the inclined surface .
=z _cont low+l incl cont*sin(ralpha) z_cont_high 0.10584616
Width of the frontal contact surface, m wfrontal 0.178
Height of the frontal contact surface, m hfrontal 0.17
Displacement in the x direction of the upper hincl = 0.190- 0.00331612
points of the frontal contact surface, m beta_ klin-pi/180 5
Downward displacement of the frontal contact d=frontal 0.015
surface, m
Displacement of a pair of points on the side dxadditional 0.03
contacts ‘
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Side frame. The inertial parameters of the solid body "Frame N", which

represent the side frames of the bogies, are given in table 3.9. Table 3.9 also provides

the coordinates of the center of mass of the side frame in the bogie subsystem.

Table 3.9 — Inertial and geometric parameters of the body "Frame N"

Parameter Identifier | Value
Weight, kg msr 526.3
Moment of inertia about the longitudinal axis, kg-m” ISrx 13.96
Moment of inertia about the transverse axis, kg-m”’ isry 175.8
Moment of inertia about the vertical axis, kg-m” isrz 161.8
The coordinate of the center of mass of the side frame
in the transverse direction in the bogies coordinate +bH2 1,018
system, m
The coordinate of the center of mass of the side frame
. , o . . Mr 0.05
in the vertical direction relative to the wheel axis, m
1% |
H, dHN H,

Figure 3.15 — 3D model of the side frame with the parameters of the gaps

in the axle box slots in the longitudinal direction
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The axlebox units of the bogies are modeled as an elastic-dissipative
interaction of the side frames directly with the axes of the wheel pairs, while the
characteristics of rigidity, dissipation, and movement restrictions are set individually
in each of the three directions.

Suspension beam. Inertial and geometric parameters of the solid body
"Balka M", which represents the over-spring beam of the M bogie are given in table
3.10.

Table 3.10 — Inertial and geometric parameters of the body "Balka M"

Parameter Identifier | Value
Weight, kg mnb 596.2
Moment of inertia about the longitudinal axis, kg-m” imnbx 323
Moment of inertia about the transverse axis, kg-m” imnby 7,055
Moment of inertia about the vertical axis, kg-m” imnbz 166.3
The coordinate of the center of mass of the beam in the
vertical direction in the undeformed state of the springs hnb 0.226
relative to the wheel axis, m

The central spring suspension of the freight wagon is represented by
generalized linear force elements. The task of both linear and bilinear springs is
provided. The spring type is switched using the bilinear key identifier, in case of
bilinear key = 0 — linear springs are modeled, in case of bilinear key = 1 — bilinear
ones. The static forces specified by the identifiers pst balka and pst klin are
calculated automatically for the given values of overestimation or underestimation of

the wedges.
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Table 3.11 — Rigidities of external springs of bilinear suspension

Spring CcX CY cz CaZ
PruzhinaP PruzhinaL cyexternal | cyexternal | czexternal caz
*5 *5 *5

Spring PKL1 Spring PKL2 | Cyexterna | Cyexterna | czexternal -
Spring LKL1 Spring LKL2 | ]

Values of stiffnesses outside the selection Cyexternal=6.43e5 N/m,

Czexternal=3.035¢5 N/m,

Table 3.12 — Stiftnesses of internal springs of bilinear suspension

Spring CX CY CzZ CaZ
PruzhinaP PruzhinaL cyinternal | cyinternal | internal caz
*5 *5 *5

Spring PKL.1 Spring PKL2 | Cyinterna | Cyinterna | czinternal -
Spring LKL1 Spring LKL2 | |

Stiffness values outside the selection Cyinternal=0 N/m, Czinternal=2.366e5
N/m.

Body. The parameters set for modeling the body are as follows: the height of
the center of mass of the wagon /¢, the mass of the wagon body mcuz, the central
moments of inertia of the body relative to the horizontal longitudinal, horizontal
transverse and vertical axes, respectively, cuzx, icuzy, icuzz, as well as the half-base
of the wagon xbogie and half the length of the wagon by the coupling axes of auto

couplings x_as.
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Parameter Identifier Value
Movement speed, m/s v0 16,667
Body weight, kg mcuz 22,000
Weight of the body with cargo, kg mcuzl 84,400
The central moment of inertia of the body _

_ o _ ) icuzx 89,000
relative to the longitudinal axis, kg'm
The central moment of inertia of the body _

_ _ ) 1cuzy 1,118,000
relative to the transverse axis, kg'm
The central moment of inertia of the body _

_ _ . ) 1cuzz 1,130,000
relative to the vertical axis, kg'm
The distance in the vertical direction from the
center of mass of the body with cargo to the hcuz 1,396
plane of support on the heels, m
Wagon-base, m xbogie 4,325
Static load from the wheel to the rail, N 230 535

(53955)

The interaction between the body and the super-spring beams in the Pyatnik

knots is represented in the model by means of 10 contact force elements: eight

"Pyatnik MN" elements, M=1.2, N=1.4, represent the contact interaction in the

horizontal plane and two "Vert Pyatnik M" elements - in the vertical direction, that

is, describe the interaction that transmits the vertical load.
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Table 3.14 — Parameters of "Pyatnik MN" contact elements in the horizontal plane

Contact name Coordinates of points Coordinates Normal to
on points the plane of
overspring beam on the plane of the | the frame
side frame
Friday 11 (contrad+cl _pp longl; 0; (xbogie+contrad (1;0; 0)
hnp) -wearpxl; 0; —hcuz)
Friday 12 (-contrad—cl_pp longl; 0; (xbogie—contrad (—1;0;0)
hnp) -wearpxl; 0; —hcuz)
Friday 13 (0; -contrad—cl pp latl; (xbogie; —contrad | (0;—1;0)
hnp) +wearpyl; —hcuz)
Friday 14 (0; contrad+cl pp latl; (xbogie; contrad (0; 1;0)
hnp) —wearpyl; —hcuz)
Friday 21 (contrad+cl _pp longl; 0; | (=xbogie+contrad (1; 05 0)
hnp) -wearpx2; 0); —hcuz)
Friday 22 (-contrad—cl _pp long2; 0; | (—xbogie—contrad (—1;0; 0)
hnp) +wearpx2; 0;,—hcuz)
Friday 23 (0; -contrad—cl pp lat2; (—xbogie; —contrad | (0;—1;0)
hnp) +wearpy2; —hcuz)
Friday 24 (0; contrad+cl pp lat2; (—xbogie; contrad (0; 1;0)
hnp) —wearpy2; —hcuz)
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Table 3.15 — Parameters of "Pyatnik. MN" contact elements in the vertical direction

Contact

name

Coordinates of points
on
overspring beam

Coordinates
points

on the plane of | the frame

the side frame

Normal to
the plane of

Vert
Friday

(—contrad _e; 0; hnp-wearpzl)
(contrad e; 0; hnp-wearpzl)
(0, contrad_e; hnp-wearpzl)
(0; —contrad_e; hnp-wearpzl)

hnp-wearpzl)
hnp-wearpzl)
hnp-wearpzl)

(—contrad_e-0.707;—contrad_e-0.707;
hnp-wearpzl)

(contrad_e0.707; contrad _e-0.707;
(contrad_e).707;—contrad _e-0.707;

(—contrad _e-0.707; contrad _e-0.707;

xbogie

-hcuz

Vert
Friday

(—contrad _e; 0; hnp-wearpzl)
(contrad_e; 0; hnp-wearpzl)
(0, contrad e; hnp-wearpzl)
(0; —contrad_e;hnp-wearpzl)
(contrad e-0.707; contrad e-0.707;
hnp-wearpzl)
(contrad e-0.707,—contrad e-0.707;
hnp-wearpzl)
(—contrad _e-0.707; contrad e-0.707;
hnp-wearpzl)
(—contrad _e0).707;—contrad e-0.707;

hnp-wearpzl)

—xbogie

-hcuz
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Table 3.16 — Parameters of "Pyatnik N" contact elements
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Contact Coordinates of points Coordinates | Normal to
name on the upper spring beam of surface the
points on the | surface on
body the body
Slider 1 | (0.05; 0.762; hnsk—gapSkl—wearSkl) xbogie 0
(0;0.762; hnsk—gapSkl—wearSkl) 0.762 0
(-0.05; 0.762; hnsk—gapSkl—wearSkl) -hcuz+0.096 -1
Slider 2 | (0.05; —0.762; hnsk—gapSk2—wearSk2) xbogie 0
(0;—-0.762; hnsk—gapSk2—wearSk2) -0.762 0
(-0.05 -0.762; hnsk—gapSk2—wearSk2) -hcuz+0.096 -1
Slider 3 | (0.05; 0.762; hnsk—gapSk3—wearSk3) xbogie 0
(0;0.762; hnsk—gapSk3—wearSk3) 0.762 0
(-0.05; 0.762; hnsk—gapSk3—wearSk3) -hcuz+0.096 -1
Slider 4 | (0.05; —0.762; hnsk—gapSk4—wearSk4) xbogie 0
(0, -0.762; hnsk—gapSkd—wearSk4) -0.762 0
(-0.05; —0.762; hnsk—gapSk4—wearSk4) -hcuz+0.096 -1
Table 3.17 - General parameters of "Pyatnik" contact elements
Parameter Identifier Value
Contact stiffness at one point, N/m cstiff bz 108
Contact dissipation at one point, N-s/m cdiss_bz 3.104
z coordinate of city center beams above the axis | hnb
. 0.226
of the number of pairs in an undeformed state
Coef. friction in the bushings. node x,y ftr_by 0.17
Coef. friction in the bushings. node z fir bz 0.17
Static deformation of the bushing fObuksa
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The description of the bearing of the body on the super-spring beam through
the sliders is represented by four contact force elements of the Point-Plane "Slider N"
type, N = 1.4. Three contact points are introduced for each slider on the superspring
beam, as shown in Figure 3.16. The parameters of these contact elements are listed in

Table 3.18.

Figure 3.16 — Contact points on the superspring beam and the normal to

the contact plane on the body of the "Slider N" element
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Table 3.18 — Parameters of "Slider N" contact elements

Contact Coordinates of points Coordinates | Normal to
name on the upper spring beam of surface the
points on the | surface on
body the body
Slider 1 | (0.05; 0.762; hnsk—gapSkl-wearSkl) xbogie 0
(0;0.762; hnsk—gapSkl—wearSkl) 0.762 0
(-0.05, 0.762; hnsk—gapSkl—wearSkl) -hcuz+0.096 -1
Slider 2 | (0.05; —0.762; hnsk—gapSk2—wearSk2) xbogie 0
(0;—-0.762; hnsk—gapSk2—wearSk2) -0.762 0
(-0.05 —0.762; hnsk—gapSk2—wearSk2) -hcuz+0.096 -1
Slider 3 | (0.05; 0.762; hnsk—gapSk3—wearSk3) xbogie 0
(0;0.762; hnsk—gapSk3—wearSk3) 0.762 0
(-0.05; 0.762; hnsk—gapSk3—wearSk3) -hceuz+0.096 -1
Slider 4 | (0.05; —0.762; hnsk—gapSk4—wearSk4) xbogie 0
(0;-0.762; hnsk—gapSk4—wearSk4) -0.762 0
(-0.05; —0.762; hnsk—gapSk4—wearSk4) -hceuz+0.096 -1

In this table, the Ansk parameter indicates the distance in the vertical direction
between the center of mass of the upper spring beam and the bottom of the slider on
the body, Ansk = 0.2434 m. The gaps in the sliders are set using the identifiers
gapSk N, N = 1.4, in addition, using the identifiers wearSk N wear of sliders. The
general parameters of these contact power elements, in particular the stiffness and
dissipation factor, are given in Table 3.19.

Wheel profile. The profile of each wheel can be determined separately using

the appropriate program tool in the special coordinate system shown in Figure 3.17.
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Table 3.19 - General parameters of "Slider N" contact elements

Parameter Identifier Value
Contact stiffness at one point, N/m cstiff sk 108
Contact dissipation at one point, N-s/m cdiss_sk 1-105
Coefficient of friction Jir sk 0.17

Figure 3.17 - Wheel profile coordinate system

General view of the basic computer model of the dynamics of a hopper wagon
in Figure 3.18, in Figure 3.19, experimental hopper bodies of converted wagons

are shown in a simplified form.
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Ro =0.007820 r/mM3

196782675.036612 M2
759740710.363050 M3
-83.375762 mm
188.852289
-1563.613333 MM

Xc
Yc
Zc

Figure 3.18 — General view of the computer model of wagon dynamics
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Ro =0.007820 r/mM3

S5 = 206299155.890935 mm2
V = 834303814.302808 M3
Xc = -74.763911 m«

Yc = 119.950008

Zc = -1495.126698 v

L.

Figure 3.19 — General view of the computer model of wagon dynamics

3.3.1 Verification of the computer model

As the first stage of checking (verification) of the model, the calculation of a
simple model of vertical oscillations of the wagon with one degree of freedom was
carried out. The results of simulation (numerical integration) of the computer
(mathematical) model compared to the results of the analytical solution of the

differential equation of oscillations:

m-zZ+pf-z+G-z=0

where m is the mass, £ is the vibration damping coefficient, and G is the

elasticity.

As the second stage of checking the computer model of the dynamics of the
wagon, the data of measurements of the accelerations of the elements of the wagon
during running dynamic tests performed in the empty and loaded state were used.

Accelerometers were installed on the axles of the first bogie, the side frame and the
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upper spring beam. Theiler coefficient of discrepancy was used to assess the

adequacy of the mathematical model € :

\/ nZQ‘;e ")

=

&= (3.3)

-8

where x;"and x; — predicted and experimental values; n— the number of values to be

checked.

According to the standard deviations of the accelerations of the elements of the
wagon, determined from the measurement data, and those obtained from the
computer dynamics model, Theil's coefficients of discrepancy were calculated. The
obtained values do not exceed 0.11, which indicates acceptable differences between
calculated and experimental data.

According to the results of the spectral analysis of acceleration realizations,
registered during running dynamic and strength tests and obtained by modeling, the
main frequencies of the running parts were determined. The overall relative average
deviation of calculated and measured frequencies is 7.47%. Therefore, the
experimentally obtained frequencies are quite close to the calculated ones. The
general calculation scheme of the wagon for the study of traffic dynamics is

presented in Figure 3.20.
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Figure 3.20 —The general calculation scheme of the wagon for

study of movement dynamics

3.3.2 Results of modeling dynamics with variation of various indicators

Study of the dynamic qualities of the wagon. According to the result of the
simulation of the experimental hopper wagon, which corresponds to the general
parameters of wagons converted from cement carriers and mineral carriers depending
on the condition of the track, the technical condition of the wagons and the weight of
the container, the following results were obtained.

Modeling of the experimental wagon in a technically sound condition of the

wagon and track. The averaged path profile was used for modeling and tested in

previous studies. The general results of modeling are given in Table 3.20.
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Table 3.20 — General simulation results with the wagon and track in a

technically sound condition

Speed range Coefficient of | Coefficient of vertical | Stock factor
vertical dynamics of | dynamics of the | stability of the wheel from
the weight of the | unreinforced bogie | derailment on straight and
bogie, Kd frame, Kdn curved sections of the track

40-50 km/h 0.30-0.40 0.39-0.49 1.50-2.00

50-60 km/h 0.31-0.41 0.40-0.52 1.46-1.70

60-70 km/h 0.33-0.45 0.50-0.56 1.42-1.75

70-80 km/h 0.38-0.51 0.51-0.60 1.38-1.42

80-90 km/h 0.39-0.50 0.52-0.60 1.38-1.41

The wagon, when simulating movement in a technically sound condition of the

wagon and track, has a sufficient level of dynamics indicators to ensure safe

operation.

Modeling of an experimental wagon in a technically sound condition of the

track with a reduction in the tare weight. An averaged path profile, developed and

tested in previous studies, was used for modeling. The general simulation results are

given in Tables 3.21, 3.22 with two steps of reducing the tare weight: up to 18.5 t and

up to 17.0 t for the model wagon 11-715-01; up to 20 t and up to 19 t for the model
wagon 19-923-01.
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Table 3.21 — General simulation results with technically sound condition of the

track and reduced tare weight of the model wagon 11-715-01

Speed range | Coefficient of wvertical | Coefficient of wvertical | Stock factor
dynamics of the weight | dynamics of the | stability of the wheel
of the bogie, Kd unreinforced bogie | from  derailment on
frame, Kdn straight and  curved
sections of the track
The The Tare weight | The The weight | The
weight of | weight of | - 185t weight of | of the | weight of
the the the container is | the
container | container container | 18.5 tons container
is 18.5 | is 17.0 is 17.0 is 17.0
tons tons tons tons
40-50 km/h 0.29-0.40 | 0.26-0.35 | 0.39-0.48 | 0.38-0.52 | 1.49-2.00 | 1.42-2.00
50-60 km/h 0.31-0.40 | 0.30-0.39 | 0.40-0.51 0.39-0.54 | 1.45-1.65 | 1.42-1.62
60-70 km/h 0.32-0.46 | 0.29-0.45 | 0.49-0.55 | 0.48-0.56 | 1.42-1.73 | 1.39-1.58
70-80 km/h 0.37-0.50 | 0.35-0.50 | 0.50-0.59 | 0.51-0.61 1.37-1.44 | 1.34-1.42
80-90 km/h 0.38-0.51 | 0.35-0.52 | 0.50-0.60 | 0.53-0.55 | 1.35-142 | 1.32-1.39

Table 3.22 — General simulation results with technically sound condition of the

track and reduced tare weight of the model wagon 19-923-01

Speed range | Coefficient of vertical | Coefficient of wvertical | Stock factor
dynamics of the weight | dynamics of the | stability of the wheel
of the bogie, Kd unreinforced bogie | from  derailment on
frame, Kdn straight and  curved
sections of the track
The The The weight | The The weight | The
weight of | weight of | of the | weight of | of the | weight of
the the container is | the container is | the
container | container | 20.0 tons container | 20.0 tons container
is 20.0 | 1s 19.0 18 19.0 1S 19.0
tons tons tons tons
40-50 km/h 0.29-0.39 | 0.29-0.38 | 0.40-0.48 | 0.39-0.51 1.55-1.90 | 1.53-1.88
50-60 km/h 0.31-0.39 | 0.31-0.38 0.41-0.52 0.39-0.53 1.50-1.68 1.48-1.64
60-70 km/h 0.32-045 | 0.31-0.44 | 0.48-0.56 | 0.48-0.56 1.43-1.70 | 1.40-1.60
70-80 km/h 0.38-0.49 | 0.38-0.50 | 0.51-0.60 | 0.52-0.62 1.39-1.50 | 1.39-1.46
80-90 km/h 0.39-0.52 | 0.39-0.51 | 0.51-0.60 | 0.52-0.61 1.39-1.49 | 1.38-1.44

Wagons, when simulating traffic in a technically sound condition of the track
and with reduced mass of the bodies, have a sufficient level of dynamics indicators to
ensure safe operation. There is a tendency to decrease the coefficient of stability of

the wheel from derailment, but the value is at an acceptable level.
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Modeling of an experimental wagon in a technically sound condition in the

presence of track deviations. The averaged track profile, developed taking into

account the recommendations and tested in previous studies, with additional track
unevenness coefficients (track unevenness coefficient) of 1.5 and 2.0, which is a
generally accepted practice, was used for modeling. From the experience of modeling
the dynamics of wagons, it was established that the coef. unequal track in the range of
1.0...1.5 corresponds to the actual technical condition of the track of JSC
"Ukrzaliznytsia", the value of 1.5 approximately corresponds to the maximum
permissible level of deviations, the value of the coef. unequal ruts at the level of 2.0
corresponds to exceeding the permissible values of deviations.
The general results of modeling are given in table 3.23.
Table 3.23 — General results of modeling the wagon in a technically sound

condition in the presence of track deviations

Speed range | Coefficient of wvertical | Coefficient of wvertical | Stock factor
dynamics of the weight | dynamics of the | stability of the wheel
of the bogie, Kd unreinforced bogie | from  derailment on
frame, Kdn straight and  curved
sections of the track
Coef. Coef. Coef. Coef. Coef. Coef.
unequal unequal unequal unequal unequal unequal
tracks - |tracks - |tracks-1.5 |tracks - |tracks-1.5 |tracks -
1.5 2.0 2.0 2.0
40-50 km/h 0.38-0.48 | 0.40-0.49 | 0.44-0.50 | 0.48-0.56 | 1.51-1.81 | 1.50-1.81
50-60 km/h 0.39-0.52 | 0.41-0.48 | 0.45-0.58 0.49-0.66 | 1.44-1.55 | 1.43-1.56
60-70 km/h 0.40-0.52 | 0.45-0.59 | 0.51-0.65 | 0.53-0.71 | 1.38-1.42 | 1.32-1.40
70-80 km/h 0.41-0.51 | 0.51-0.68 | 0.55-0.71 | 0.57-0.75 | 1.32-1.37 | 1.29-1.37
80-90 km/h 0.41-0.53 | 0.55-0.71 | 0.59-0.74 | 0.60-0.80 | 1.32-1.37 | 1.28-1.36

The wagon, when simulating movement in a technically sound condition in the
presence of track deviations, has a tendency to decrease the levels of dynamics
indicators. With a significant increase in track unevenness, a reduction in the
coefficient of stability of the wheel from derailment to an unacceptable level is
possible. The speed at which the decrease in the level of stability margin begins is
70+5 km/h.
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Modeling of the experimental wagon with deviations in the technical condition.

The averaged track profile developed and tested in previous studies, a bogie with
deviation of the technical condition in the form of maximum wear and a bogie with
deviation of the technical condition in the form of maximum wear increased by 15%

were used for modeling. The general results of modeling are given in Table 3.24.

Table 3.24 — General results of modeling the wagon with deviations in the

technical condition

Speed range | Coefficient of wvertical | Coefficient of wvertical | Stock factor
dynamics of the weight | dynamics of the | stability of the wheel
of the bogie, Kd unreinforced bogie | from  derailment on
frame, Kdn straight and  curved
sections of the track
Maximu | Maximum | Maximum | Maximum | Maximum | Maximum
m wear wear +15% | wear wear +15% | wear wear +15%
40-50 km/h 0.30— 0.32-042 | 0.40-049 | 0.42-0.49 | 1.50-1.91 1.50-1.91
0.41
50-60 km/h 0.31- 0.33-0.44 | 0.41-0.52 0.43-0.55 1.45-1.57 | 1.43-1.53
0.41
60-70 km/h 0.33— 0.37-0.39 | 0.51-0.56 | 0.53-0.58 | 1.37-1.48 | 1.28-1.37
0.45
70-80 km/h 0.38— 0.38-0.50 | 0.53-0.61 | 0.56-0.62 | 1.31-1.40 | 1.28-1.39
0.50
80-90 km/h 0.39— 0.39-0.50 | 0.54-0.62 | 0.56-0.66 | 1.33-1.37 | 1.29-1.40
0.50

Simulation results
The wagon, when simulating the movement with deviations in the technical
condition, has a tendency to decrease the levels of the dynamics indicators. When the
deviations (wear) of the bogie elements increase, a decrease in the coefficient of
stability of the wheel from derailment to an unacceptable level is observed.
According to the results of computer modeling of the dynamics of experimental
wagons, the following was established:
When simulating the movement of experimental wagons, provided that the
wagons and the track are in a technically sound condition, the experimental wagons

have a level of dynamics indicators that ensures safe operation.
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When simulating the movement of experimental wagons, provided that the track
1s in a technically sound condition, but with reduced tare masses of the bodies, the
wagons have a level of dynamic indicators that ensures safe operation.

When the mass decreases, there is a tendency to decrease the coefficient of
stability of the wheel from derailment, but its values do not go beyond the
permissible limits.

Pry simulation of the movement of experimental wagons, provided that they
are in a technically sound condition, but there are deviations in track maintenance, the
wagons have a tendency to deteriorate the dynamics indicators. With a significant
increase in track unevenness, a reduction in the coefficient of stability of the wheel
from derailment to an unacceptable level is possible. The speed at which the level of
stability margin begins to decrease is 70+5 km/h.

When simulating the movement of experimental wagons with deviations in the
technical condition, the wagons have a tendency to deteriorate the dynamics
indicators. When the deviations (wear) of the elements of the bogie increase, the
coefficient of stability of the wheel from derailment may decrease to an unacceptable
level.

Summarizing the results of running dynamic tests and computer modeling of the
dynamics of the movement of hopper wagons in an empty state, the following was
established:

According to the results of computer simulation, it was established that:

— if the wagons and track are in good technical condition, the dynamics
indicators are within the permissible values.

— with deviations in the technical condition of the wagons and track, the
dynamics of the wagons deteriorates to an unacceptable level.

— the speed at which the level of stability margin decreases below the
minimum permissible in the presence of deviations - 70+5 km/h.

— the simultaneous presence of deviations in the maintenance of the track and
in the technical condition of the wagon reduces the speed at which the margin of

stability reaches a value less than the minimum permissible.

105



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

CONCLUSIONS ON SECTION 3

A methodology for in-depth processing of the results of rolling stock running
tests 1s proposed. The essence is to perform a spectral analysis of dynamic processes
for various elements of the load-bearing structures of the freight wagon, with the aim
of identifying the relationships between the oscillatory processes of the load-bearing
structures and the frequencies at which the interaction between them occurs. A
software algorithm for in-depth assessment of experimental indicators of the quality
of the movement of freight wagons with reduced tare has been developed.

Taking into account the main causes and hypotheses regarding the derailment of
freight wagons, the results of computer modeling can be concluded that the main
reasons of the wagons derailment are malfunctions of the carriage chassis, wear of
the elements of the friction dampers and the body support unit on the bolsters,
unacceptable deviations in the dimensions of the bogies, non-compliance with the
requirements for the rail track maintenance. Also, an important reason is the negative
reduction of the wagon's tare by more than 10% from the one set by the

manufacturer.
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SECTION 4
PRACTICAL ASPECTS OF IMPLEMENTING IMPROVED MEANS AND
APPROACHES FOR DETERMINING AND ASSESSING INDICATORS OF
SAFETY AND TECHNICAL CONDITION OF WAGONS

4.1 A mobile system for determining safety indicators and technical

condition in operating conditions

The operation of rolling stock and complex technical hardware and software
systems 1s usually subject to failures. The reasons for such failures may be non-
compliance with manufacturing technology, difficult conditions of use, non-
compliance with the requirements for the operation of such systems and rolling stock,
aging and wear of components. Therefore, a relevant and important task is the
introduction of periodic testing and diagnostics of rolling stock on the Ukrainian
railways during their life cycle.

Currently, the development of measuring equipment and systems makes it
possible to implement advanced instrumental approaches to assess the quality and
safety indicators of train traffic and take measures to prevent emergency situations.
The successful experience of implementing diagnostic systems for locomotives and
passenger wagons justifies the feasibility of further improving methods and means of
experimental assessment of dynamic qualities and indicators of quality and traffic
safety during the entire period of operation of rolling stock.

4.1.1 General requirements for a mobile system to determine indicators of
quality and traffic safety.

A mobile system for determining the quality and safety indicators of rolling

stock in operation should include:
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- primary sensors;

- GPS receiver;

- signal transmission cables;

- systems for collecting and recording measurement characteristics;

- transferring data about the location and status of the system to the server;

- determination and assessment of quality and traffic safety indicators in

express processing mode.

Primary sensors — strain gauges and accelerometers. The cables are designed for
connecting sensors with recording devices, the voltage of which is +10 V. Shielded 6-
wire cables, resistant to external factors with operating temperatures from -40 to
+80°C.

The mobile system must ensure autonomous dynamic testing of rolling stock to
determine the stability factor of the wheel from the derailment, vertical and lateral
forces and acceleration of sprung and unsprung parts of rolling stock, as the basis for
assessing the quality of planned types of repairs and determining indicators of quality
and traffic safety in operating conditions

When conducting dynamic running tests, the following indicators are recorded:
vertical and horizontal accelerations of bogie frames and the wagon body, dynamic

stresses in the frames of the body and bogies under various driving modes.

4.2 Hardware and primary converters of the mobile system

A mobile system for dynamic running tests and assessment of quality and traffic
safety indicators based on National Instruments CompactRIO solves a wide range of
tasks aimed at monitoring the technical condition of rolling stock during testing and

in normal operation.
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Strain gauges are connected to the NI 9237 strain gauge module (Fig. 4.1), and
accelerometers are connected to the NI 9205 ADC module (Fig. 4.2), they scale

instantaneous input voltage values and analog-to-digital conversion to digital code.

ERERTRRUEERER

Figure 4.2 — NI 9205 module
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Digital signals are transmitted via the internal bus from the NI 9237 and NI 9205
modules to the NI 9012 controller (Fig. 4.3), from the output of which they enter the
computer via the Ethernet interface bus, where measurement information is

processed, displayed and stored.
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Figure 4.3 — NI 9012 controller

The software performs the functions of controlling the recording process, initial
setup of the mode for recording signals from measuring channels, operating modes of
the automatic recorder, mathematical functions for processing, presenting and storing
measurement information. Consists of the following blocks:

— software for firmware programmable logic

— integrated circuit (FPGA), located in the NI 9104 chassis (Fig. 4.4);

— application software of the NI 9012 controller;

— client part of the application software of the host computer recorder.
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Figure 4.4 — NI 9104 chassis

The hardware and software recorder software is developed in the LabView
FPGA software shell.

Application software is designed to read measurement data from user-selected
channels at the hardware level with a given sampling frequency, select the type of
connection for the outputs of measuring primary converters, and set voltage
measurement limits.

The NI 9012 controller application software consists of two parts. The first part
reads data from the NI 9237 and NI 9205 ADC modules, processes the data and
writes to the controller’s non-volatile memory. The second part transmits data via the
Transmission Control Protocol (TCP) to an external computer.

Computer software, using a user interface, performs general control functions
and displays current measurements on the monitor screen.

The mobile system can operate in two functional modes: assessment of quality
indicators, traffic safety and strength indicators in real time (Fig. 4.5) and
measurement of acceleration and deformation values offline on rolling stock with
subsequent processing (Fig. 4.6). When processing the obtained values, data obtained
using a GPS receiver is used to assess the impact of changes in movement speed on

the monitored parameters.
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Figure 4.5 — Mobile system in real time
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Figure 4.6 — Mobile system in offline mode

The general block diagram of the mobile diagnostic system is shown in

Figure 4.7.
4 N ( N
. Power
Accelerometers ]—’ NI 9205 modules > |
supply
. J
NI cRIO
- ~
9225
{ Strain gauges '—» NI 9237 modules »  controller e
~ ~ NI cRIO
p < 9118
cRio GPS R
Module - Storage device
A /
N

Figure 4.7 — Block diagram of the mobile system
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To measure and evaluate the dynamic characteristics of rolling stock, low-
frequency accelerometers of the UM type are used. It consists of a shockproof and
impenetrable case, a board with an ADXL 278 chip, a detachable UZNTs 05-
7/12VP11 and fastening elements. The general view of the accelerometer is shown in

Figure 4.8.

Figure 4.8 — UM type accelerometer

The accelerometer diagram is shown in Figure 4.9.
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Figure 4.9 — Accelerometer diagram

114



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

General technical requirements for accelerometers used in a mobile diagnostic

system.

Table 4.1 — Technical requirements for accelerometers

Frequency

No. Accommodation area Range, m/s’
range, Hz

Uncertainty

From 0.5 to 5 Hz
U=2.5%

1 Axle box unit +500 0.5-100 From 5.1 to 19 Hz
U=1.5%
From 20 to 100 Hz
U=1%

From 0.5 to 5 Hz
U=2.5%
From 5.1 to 19 Hz
U=1.5%
From 20 to 100 Hz
U=1%

2 Bogie frame +350 0.5-100

From 0.5 to 5 Hz
U=2.5%
From 5.1 to 19 Hz
U=1.5%
From 20 to 100 Hz
U=1%

3 Body +100 0.5-100

The obtained vibration accelerations can be used to assess track quality
indicators to detect point geometric deviations that affect the dynamics of rolling
stock movement. The measurement data must be used with data obtained from GPS
and basic measurement parameters.

Vibration acceleration must be measured in certain places of the body and bogie;
places are chosen depending on what indicator needs to be assessed. Vertical
accelerations at the axle boxes are measured to assess the surface irregularities of the

track. The trolley's lateral accelerations are measured to evaluate short-wave path
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deflections. Measuring the lateral and vertical accelerations of the body makes it
possible to evaluate the dynamic indicators of the quality of movement of rolling
stock. The speed at which body and bogie acceleration measurements are taken must
be within the established operating range.

The measured accelerations can be used as indicators of the quality of track
geometry and to detect local geometric deviations affecting the dynamic behavior of
rolling stock. These measurements should be used in combination with basic
parameter measurements.

Acceleration measurements should be made at specific locations on the body
and bogies, depending on the need for a specific assessment. Thus, vertical
accelerations of axle boxes are measured to identify rail surface defects and isolated
geometric irregularities. The lateral accelerations of the trolley serve to detect
irregularities with short waves. Transverse and vertical accelerations of the body
reveal track defects that affect the dynamic characteristics of comfort.

The sampling frequency must be at least 2.5 times the cutoff frequency applied
to the signal. Measurement of bogie and body accelerations should be carried out in
the operating speed range for the line within a tolerance of +/-10%.

In order to measure movements and evaluate dynamic qualities, cable
displacement sensors are used (Fig. 4.10). Rope sensors measure linear movement
using a steel cable. In this case, the cable drum is connected to a sensitive element,
which converts the movement of the cable into a linear output signal. The
measurement is carried out with high accuracy and dynamics. Mounting grooves on

tfour sides of the sensor ensure easy and secure installation.
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Figure 4.10 — Cable-type displacement sensors

Based on the comparative characteristics of the static deflections of bogies of
four types Y-32, GP-200, KVN TsNII, 68-7007, displacement sensors with the
following measurement ranges were determined to be optimal: 300 mm for
measuring displacements in the primary suspension stage, 625 mm for the secondary

stage.

4.3 Software for collecting and recording measurements

The measurement information collection subsystem collects, stores and
visualizes changes in information signals from displacement sensors, vibration
accelerations and mechanical deformations. In addition, GPS receiver data 1s used to
analyze the influence of movement speed on changes in controlled parameters, obtain
precise time signals and determine current coordinates. Generalized

withstructuremeasurement information subsystems are shown in Figure 4.11.
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CompactRIO

WINDOWS
Host VI

FLASH I

Figure 4.11-Software structure

<
—
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The developed acquisition subsystem provides operation of a CompactRIO
controller with an 8-module chassis with a built-in programmable logic integrated
circuit (FPGA) and two universal 9205 ADC modules with a maximum sampling
frequency of 250 kHz and five 923 strain gauge modules - a GPS signal receiver.

Thanks to the built-in FPGA, CompactRIO has the ability to implement
measurement data processing algorithms at the hardware level with a deterministic
execution time of 25 ns without transferring the load to the controller's central
processor. A typical CompactRIO device includes a controller running a PharLab or
VxWorks real-time operating system, a chassis, and I/O modules. The chassis carries
an FPGA core that is directly connected to universal or specialized input/output
modules that have built-in means for matching and processing information signals.
There are different chassis models that have different numbers of slots for modules
and differ in the characteristics of FPGA chips.

Thanks to its autonomy, hardware and weight-size characteristics, as well as
the ability to operate in adverse conditions, CompactRIO can be used to solve a wide
range of problems in collecting measurement information and controlling processes.

Most software for CompactRIO is developed according to a scheme that

provides for its conditional division into three levels: the HOST VI virtual instrument
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on a control PC running Windows OS, RT VI on a controller with a real-time OS,
and FPGA VI on an FPGA that does not have its own OS, since the logic The
program's operation was implemented directly at the hardware level. Each of the
presented levels has its own specific functionality and implements individual
functions of the system as a whole.

Common tasks performed using HOST VI on a Windows computer:

- saving data on a computer and accessing databases; - integration with external

information systems; - interface organization.

Typical tasks performed in RT VI on a real-time controller:

- data processing; - management; - saving data in the built-in memory of the

controller and on external media. Typical tasks performed in FPGA VI on

FPGA:

- input-output operations;

- hardware clocking and control of the process of interaction with equipment; -

low-level processing of measuring signals.

An FPGA is a chip whose functionality is determined by programming or
"configuration", which is the more common term when working with this class of
integrated circuits. The LabView FPGA Module package is an addition to the
LabView software environment that allows you to specify the logical operation of the
FPGA as a regular virtual device instead of programming using a specialized VHDL
language. This package allows you to create programs with synchronous and
asynchronous parallel loops running in hardware, and provides time-deterministic
data collection and analysis.

The LabVIEW FPGA Module software package completely takes care of the
multi-step process of converting a virtual device into FPGA binary code. At the first
stage, the virtual device is converted into text code in the VHDL language, after
which it is compiled into binary form by the standard industrial compiler Xilinx ISE.
During the compilation process, the code 1s optimized for execution speed and the

number of logic gates involved.
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The result of compilation is a binary file (bitstream file) that completely
defines the FPGA configuration. When the program starts, the binary file is loaded
onto the chassis, that is, the FPGA configuration process occurs. The binary file can
be written to the built-in flash memory and automatically loaded when the system is
turned on. The configuration is not saved when the power is turned off, so the binary
file must be downloaded again when power is turned on again. With appropriate
configuration settings, it can be loaded automatically from the flash memory of the
FPGA device or by a program using the controller.

FPGA VI virtual instruments can be produced completely, independently of
other system components, and remain operational even if the controller fails.
Moreover, a buffer can be organized on the FPGA to prevent data loss in such a
situation.

The FPGA is designed primarily for clocking, synchronization, control, data
acquisition and preliminary digital processing of information signals, control of each
input/output module.

A virtual device for a CompactRIO controller typically includes two or more
loops: a critical priority loop, which implements control and data processing
algorithms, and a normal priority loop, which is responsible for data safety, a remote
web interface, and communication over an Ethernet network or RS bus. 232.

The CompactRIO platform provides three paths to elevate data from modules
to the real-time controller level: through front panel elements, through a mechanism
known in LabView as Local Variables, and through a DMA FIFO buffer. The first
two approaches are relatively simple in terms of implementation, but suboptimal in
terms of efficiency. At the same time, the DMA FIFO method allows you to receive
data obtained at high sampling rates from a large number of modules without delay.
One of the advantages of DMA mode is that data transfer occurs regardless of the
central processor.

FPGA devices that support DMA FIFO buffers have direct memory access,

unlike other methods that require the CPU. Direct memory access is implemented by
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capturing the PCI bus (bus mastering) by the FPGA device, in which it gains access
to bus control, and therefore access to memory, bypassing the processor.

The DMA FIFO buffer consists of two sections: one part is located in the
FPGA memory, the other in the controller memory. The FPGA can write or read
from the buffer element by element using the FIFO Read and FIFO Write methods,
and the controller can write or read samples of elements. The two parts of the buffer
are connected using a hardware-software DMA controller. Thus, from a software
point of view, they look like a single FIFO buffer.

The FPGA VI virtual device, located on the FPGA, implements the
functionality of initialization, clocking, polling of data acquisition modules and
subsequent loading of the received samples into the DMA FIFO buffer. To ensure a
deterministic sequence of command execution, the programming language structure
in LabView Flat Sequence Structure is used, which contains elements for polling
modules and writing to a buffer.

The DMA FIFO buffer is cyclically polled at intervals set by a timer at the
real-time controller level, after which the samples obtained in the form of integers
according to the dynamic range and bit capacity of the acquisition module are
normalized by the values of acceleration and deformation. The received data is fed to
a virtual device, which processes and stores it on an external drive connected via a
USB bus.

CompactRIO controllers have a built-in USB 2.0 controller, but not all drives

support this standard, which can lead to significant write delays, which, in turn, lead
to DMA FIFO buffer overflow and incorrect operation of the system as a whole. The
presented system does not have a virtual control device located on a personal
computer, but instead uses the LabView Remote Panel mechanism. This function
implements the so-called Client-Server model, where the controller is the server, and

the client is any computer with LabView installed. By default, CompactRIO 1is
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licensed for one external connection, but the number can be expanded. To activate the
Remote Panel on the controller, you need to activate the Web server in the project
settings and select the virtual devices to which you want to allow remote access. This
feature can significantly reduce the time required to develop HOST VI, but can create
a load on the data network [79].

In addition to the acquisition modules, to synchronize time and acquire current
speed and coordinates, a GPS receiver is also connected to the controller, installed on
the chassis in the same way as standard modules. Because the receiver is
manufactured by a third party, the LabView Real Time Module does not have a
standard means of acquiring GPS data, so it uses a set of separately installed virtual
devices to communicate with it. In addition, to ensure correct functioning of the
module as part of the project, the SubVIs supplied with the module should also be
added to the FPGA VI. If initialization is successful, the GPS data is presented as a
cluster or directly in text format, which can be used to configure software or perform

other tasks.

4.4 Practical studies of quality indicators and movement safety

of freight wagons in an empty state

The objects of research were a universal platform wagon model
13-4012 (Fig. 4.12), tank wagon model 15-1443 (Fig. 4.13) and cement hopper

wagon with roof removed model 19-758-01 (Fig. 4.14) in an empty state.
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0% D%

Figure 4.12 — Flat wagon model 13-4012

Figure 4.13 — Tank wagonmodel 15-1443
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Figure 4.14 — Hopper wagon model 19-758-01

The weight of the flat wagon model 13-4012 is 20.4 tons, the weight of the tank
wagon model 15-1443 is 22.15 tons, the weight of the hopper wagon for cement
with the roof removed model 19-758-01 is 18.15 tons.

Dynamic running tests were carried out on the Darnitsa-Nizhyn section of the
South-Western Railway as part of an experimental coupling and train set. The
experimental coupling was formed from a flat wagon model 13-4012, a tank wagon
model 15-1443, a cement hopper wagon with the roof removed model 19-758-01, a
locomotive, and a laboratory wagon.

Tests on the train were carried out in 3 options: option 1 — locomotive — 6
empty gondola wagon — experimental coupling — 30 loaded gondola wagon; option 2
locomotive — 15 loaded gondola wagon — experimental coupling — 6 empty gondola
wagon — 15 loaded gondola wagon; option 3 — locomotive — 30 loaded gondola
wagon — experimental coupling — 6 empty gondola wagon.
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The section of the track on which the tests were carried out, in terms of the
composition of straight and curved sections, met the requirements for the track for

conducting dynamic running tests.

f R »
Figure 4.15 — Experienced coupling
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Figure 4.17 — Experienced coupling on a train
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The registration of processes was carried out using strain gauges installed on the

structural elements of the bogie.

Figure 4.18 — Side frame of the wagon, Figure 4.19 — Side frame channel 2

channel 1
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Figure 4.21 — R55 wagon channel

Figure 4.20 — Wagon bolster, channel 5, 6 5 10

All other ducts on the Model 15-1443 tank wagon and the Model 19-758-01

roofless cement hopper wagon were installed similarly.
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Figure 4.22 — Deflection meter on a flat wagon model 13-4012

Proginometers on the tank wagon model 15-1443 No. 74084252 and on the
hopper wagon for cement with the roof removed model 19-758-01 No. 96914908
were installed similarly.

To determine the longitudinal forces acting on the test wagon, an automatic
coupler-dynamometer was used (Figure 4.23), equipped with strain gauges and a

pre-calibrated static load on the stand with a force of up to 3.5 MN.
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Figure 4.23 — Automatic coupler-dynamometer

After installing the measuring equipment on the experimental wagon, the bogies

were calibrated against vertical and horizontal forces (Figure 4.24).

Figure 4.24 — Bogie packaging

To record the readings of strain gauges and vibration transducers, a software and

hardware complex is used, consisting of a cRIO NI 9012 controller with strain gauge
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ADC modules NI 9237, ADC modules NI 9205 and specialized software developed
in the LabVIEW software package.

Data processing under static loads was carried out using automated complexes
for processing experimental data. The magnitude of stresses during static tests was
determined by the difference in readings of measuring equipment before and after

lifting the platform frame:

Oper = (A —4p) " K 4.1)

where: - readings of measuring equipment in the loaded state of the test object:A
- readings of measuring equipment in the empty state of the test object:A,
K — calibration coefficient of measuring equipment, determined by formula

(4.2):

K= (4.2)

where: — resistance of the strain gauge, Ohm; R,

- resistance of the calibration shunt, Ohm; R,

- amplitude (deviation) of the process measured during calibration, V. 4j,

The results of running dynamic tests were determined from the data
(measurements, calculations, control, visual inspection) recorded during the
measurements.

The stability of the wheel from the east of the wheel from the rail was
determined for the most dangerous cases of a combination of a large lateral force of
interaction between the oncoming wheel and the rack and a small vertical load on this
wheel. With the simultaneous action of such a combination of extreme forces for
some time, it is possible for the oncoming wheel flange to roll onto the rail head and

the subsequent easting of the wagon from the rail.
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Processing data from running dynamic tests of wagon s involves

decoding, identification and systematization of parameters of recorded dynamic
processes. During processing, wagon running quality indicators are taken into
account - up to 20 Hz. The quantization frequency when processing experimental
data on a computer must be at least 100 Hz.

Research data is grouped by speed ranges (10-20 km/h), characteristic features
of track sections (straight, curve, arrows, etc.).

To assess driving performance based on the values of the measured dynamic
indicators of the wagon, using ratios taking into account the calibration data, the
probable maximum values of the coefficients of vertical dynamics of the spring
K sand non-sprung masses K, of the wagon, lateral (frame) forces, and the value of
the safety factor against derailment are determined.Kg;

The maximum values of the coefficients of vertical dynamics and frame forces
are determined with a confidence probability of 0.97 (based on the amplitude value)
and 0.97 (based on the instantaneous values), and the minimum values of the safety
factors against derailment with a confidence probability of no more than 0.0001. For
the amount of lateral (frame) forceH, the sum of frame forces acting at the same time
on the frame from each axlebox of one wheel pair is taken.

The calculation of the safety factor of the wagon against derailment when the
wheel flange crawls onto the rail under the influence of dynamic forces arising during
movement, the coefficients of the vertical dynamics of the sprung and unsprung
masses of the wagon are given below. The coefficient of vertical dynamics in general

1s determined from the following expression:K

Ky = 2%, (4.3)

045 — where is the dynamic stress from the vertical load in the cross section of

this element;
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o, — static load from vertical load in the same section.
The coefficients of vertical dynamics were determined for the sprung (Kg45) and
unsprung (K, ) masses of the bogie.
Horizontal dynamics coefficient (frame force in fractions of axial load) -

determined by the formula:K,

where: H; ¢ — horizontal lateral frame force;

P,— vertical static load from the axle on the rails.

The stability factor of the wheel from the east from the rail K; is determined by
calculation using the integral coefficient calculated for the range of operating speeds
with a probability of 0.001, according to formula (3.4; 3.5):

The wheel resistance against derailment was assessed using the formula (4.4;

4.5),

Py
Koo = £3% 2 [Kyll, (44)
_ tgB-u
- 1+utgp’ (4'5)

where is the angle of inclination of the generatrix of the wheel flange to the
horizontal axis;f3
p=60°;
p— friction coefficient, =0.25;u
P,- vertical component of the reaction force of the oncoming wheel on the rail
head;
P;- the horizontal component of the reaction force of the oncoming wheel on

the simultaneously acting rail head; P,
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[K,: ] permissible value of the stability safety factor.

When using trolleys model 18-100, formula (4.6) looks like:

tgB—u Quws(1,03-1,17KG" +K™")+0,515q,47+0,305H,
St 1+utgB  Quwr(0,242+0,042K™—0,285K1™)+0,121q4+0,92H; ¢’

(4.6)

where is the gravity force of the bolster parts of the wagon acting on the journal

of the wheelset axle, kN, determined by the formula:Q,, ¢

Q —nq

2ny

Qwg- wagon weight force, kN,
qgy- gravity force of untrimmed parts per wheel pair, kN;
ngy- number of wagon axles;
9"~ coefficient of vertical dynamics on the oncoming wheel;
- coefficient of vertical dynamics on the non-running wheel;
H;f- horizontal lateral frame force.
The value of Hys 1s taken to be positive when it is directed in the direction of the
wheel running, and K§", Kii" - when the wheels are unloaded.
Results of running dynamic tests. The forces on automatic couplers-
dynamometers during running-dynamic tests at different locations on the train are

shown in Figures 4.25 - 4.27, and indicators of the quality of movement of wagon

given in Tables 4.2 - 4.15.
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Figure 4.25 — Head of the train
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Figure 4.26 — Middle of the train
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Figure 4.27 — End of the trai
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Table 4.2 — Results of running dynamic tests of the universal flat wagon model 13-4012 in empty mode (research coupling)

Indicator value

Actual value (by speed intervals)

=
Q
g3
g
. g = g g At speed, km/h
Controlled characteristics (wagon ElE) E E
elements, section, point) é T;E g ©
- 3 2 2 2 z z
g w5 = “ g v g “ g “ g B
3 £ = g 4 £ 4 g 4 £ 4 £ 2 £ g
E o ) - =) S5
Q
. . . DSTU 7598
Coefficient vertical dynamics of the pstuGost | %72 | 034 | oo1 |o03s | oo1 [039 | 001 |o042 | 001 |o048 | 001
sprung mass of the bogie, Ky, no more 0.75
33211-2017
. . : DSTU 7598
flicient of vertical d f'th 0.90
Coefficient of vertical dynamics ofthe 1 . 7 e 045 | 001 |048 | 001 |056 | 001 [052 | 001 |063 | 001
unsprung bogie frame, Kg4,, no more 0.90
33211-2017
Frame forces Hy, t - - 1,4 0.02 1.5 0.02 1.5 0.02 1,8 0.02 1,8 0.02
, Coefficient , DSTU 7598 0.40
Horizontal dynamics (frame force in | oy Gog | 028 | 001 [033 | 001 [032 | 001 |035 | 001 |036 | 001
fractions of Py (Hp/Py), from the wheel 33211-2017 0.40
pair to the bogie frame), no more
. . DSTU 7598 1,3
Coetlicient safety margin of the wheel ’
from the derailment on straight and DSTU GOST s 1.46 0.025 1,41 0.025 1.31 0.025 1.29 0.025 1.24 0.025
curved sections of the track, not less 33211-2017 ’
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Continued table 4.2

Indicator value
o
(3
_5 A g Actual value (by speed intervals)
=8
52 8§ At speed, km/h
-
Controlled characteristics E 2 2
(wagon elements, section, _§ o = 2
poin) 2 : z z z z z
s8¢ | oz | 3| %oz ez iz fls] % ¢
= g o = S
28 .2 Z I 3 7 3 g 3 g g * 3 z
o 3 = = = = b=} =
T £ = = - = -
— )
=
Body acceleration DSTU 7598 0.75
vertical Z, in fractions of DSTU GOST 33211- 0'75 0.29 2.5% 0.40 2.5% 0.49 2.5% 0.56 2.5% 0.71 2.5%
g, no more 2017 '
Body acceleration DSTU 7598 055
horizontal Yy, in fractions DSTU GOST 33211- 0'55 0.26 2.5% 0.3 2.5% 0.41 2.5% 0.47 2.5% 0.5 2.5%
of g, no more 2017 '
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Table 4.5 — Results of dynamic running tests of the tank wagon model 15-1443 in empty mode (research coupling)

Indicator value
Regulatory o Actual value (by speed intervals)
documentation ,:_.i
Controlled characteristics (wagon containing the >
elements, section, point) value, .;% At speed, km/h
requirement for %
the parameter £ " SRR o @ 4 O H o . O @
2 | g~ |58E g~ |58E|gwpEEE e |55 8 58E =
. . . DSTU 7598
fhicient vertical d f'th
Coefficient vertical dynamics of the sprung DSTU GOST 0.75 0.3 001 | 032 | 001 | 04 | 001 | 041 001 | 045 | 0.01
mass of the bogie, Ky, no more 0.75
33211-2017
. . . DSTU 7598
Coefficient of vertical d f'th 0.90
o DSTUGOST | o0 | 041 | 001 | 045 | 001 | 049 [001 | 05 | 001 | 06 | 001
unsprung bogie frame, K4,, no more .
pring hog P 33211-2017
Frame forces H,, t - - 1.6 0.02 1.7 0.02 1.6 0.02 1.8 0.02 1.9 0.02
Coefficient DSTU 7598 0.40
Horizontal dynamics (frame force in DSTU GOST 0'40 0.21 0.01 0.23 0.01 0.3 0.01 0.31 0.01 0.33 0.01
fractions of Py, (Hp/P), from the wheel pair 33211-2017 ’
DSTU 7598 13
Coefficient safety margin of the wheel from ’ 1 0.02 14 0.02 138 0.02 13 0.02 133 0.02
the derailment on straight and curved DSTU GOST 13 2 025 A7 025 : : 39 025 ‘ 025
sections of the track, not less 33211-2017 ’
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Continued table 4.5

Indicator value

Actual value (by speed intervals)

o Regulatory documentation At speed, km/h
Controlled characteristics containing the value
(wagon elements, section, . ¢ for th ’ 8
point) requirement for the = = > > > >
parameter > = = E = = Q
2L o) = o) = o) = Te! = = =}
= d = i = i b= H = 2 = z
3= =] = = = =
£ - = =} = =}
&
Body acceleration
. . . DSTU 7598 0.75
vertical Zg, in fractions of DSTU GOST 33211-2017 0.75 0.26 2.5% 0.38 2.5% 0.42 2.5% 0.5 2.5% 0.53 2.5%
g, no more
Body acceleration
. . . DSTU 7598 0.55
horizontal Y, in fractions | G(S)Sl"i‘ ;’32“_2017 o 023 25% | 028 | 25% | 032 | 25% | 039 | 25% | 042 | 2.5%

of g, no more
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Table 4.6 — Results of running dynamic tests of the hopper wagon model 19-758-01 in empty mode (research coupling)

Indicator value
Actual value (by speed intervals)
Regulatory o
Controlled characteristics (wagon elements, documentation = At speed, km/h
. . containing the value;] @
section, point) . s}
requirement for the | "z = > = = =
parameter E‘ l.’H’ 5 l.’H’ g L.ﬂ ,5 ‘.ﬂ E " 5 »
£ 1 |8 |2 |8 |8 |3 |& |§8 |= |3 z
= b=} = = =
) o) ) = )
Coeflicient vertical dynamics of the sprung DDSS";FTU(;’(S)()S%P 0.75 0.32 0.01 0.34 0.01 0.41 0.01 0.43 0.01 0.4 0.01
mass of the bogie, Ky, no more v 0.75 ’ ’ ’ ’ ’ ’ ’ ’ 47 ’
> 33211-2017 ’
Coefficient of vertical dynamics of the DSTU 7598 0.90
. DSTU GOST 0.43 0.01 0.47 0.01 0.5 0.01 0.52 0.01 0.62 0.01
unsprung bogie frame, Kg,, no more 33211-2017 0.90
Frame forces H, t - - 1.6 0.02 1.5 0.02 1.7 0.02 1.8 0.02 1.9 0.02
Coefficient
Horizontal dynamics (frame force in DSTU 7598 0.40
. DSTU GOST ’ 0.30 0.01 0.28 0.01 0.32 | 0.01 0.34 0.01 0.36 0.01
fractions of P, (Hp/P,), from the wheel 33211-2017 0.40
pair to the bogie frame), no more
Coefficient safety margin of the wheel DSTU 7598 13
from the derailment on straight and DSTU GOST 1’3 1.48 0.025 1,45 | 0.025 1.38 | 0.02 1.32 0.025 1.3 0.025
curved sections of the track, not less 33211-2017 ’
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Continued table 4.6

Indicator value
Actual value (by speed intervals)
Regulatory documentation At speed, km/h
b CO'lltI.'OHGd containing the value;
c aracterlstlc.s (Wagf)n requirement for the ® = . s > E‘
elements, section, point) arameter = o = £ £ - 5 E o
P 2 2 Q g bt 3 p g b £ o £ g
g ¢ g 7, I 5, 2 7, o~ 3] 3 z
g 2 2 2 5 S
o =) =) S
Body acceleration
vertical Z.,, in fractions DSTU ;gg?l o1 g;g 0.28 25% | 04 | 25% | 044 | 25% | 052 | 2.5% | 055 | 25%
of g, no more DSTU GOST -2017 .
Body acceleration
horizontal Yy, in DSTU ;gg?l o1 8'55 025 | 25% | 026| 25% | 034| 25% | 041 | 25% | 044 | 2.5%
fractions of g, no more DSTU GOST -2017 33
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Table 4.7 — Results of running dynamic tests of the universal platform wagon model 13-4012 in empty mode (research coupling

at the head of the train)

Indicator value

Actual value (by speed intervals)

Regulatory "
o documentation 2 At speed, km'h
Controlled characteristics (wagon elements, .. N
: . containing the 5
section, point) Lue: ) =
V; Lle},l requlrem@nt @ E E ? ? E
or the parameter = = = = = .=
P E |4 g 8| T | %] E |8 | g ¢ g
5] =} S =1 o [ o =) o oo 5] =)
=¥ =+ Q hgl S o Q ©~ Q ] Z,
= = b=} b=} =i
- -} - - -
. . . DSTU 7598
Coefficient vertical dynamics of the sprung |~ ‘. "o (075 | a9 | o001 o049 | 001 |05 | 001 |06 | 001 [071 | 001
mass of the bogie, K;, no more 0.75
33211-2017
. . . DSTU 7598
Coeflicient of vertical dynamics of the pstuGost  129% | oss | 001 |oe2 | 001 |07 | o001 |o073 | 001 |ost | 001
unsprung bogie frame, K4, no more 0.90
33211-2017
Frame forces Hy, t - - 1,6 0.02 1.7 0.02 1.8 0.02 1.9 0.02 1.9 0.02
, Coefficient , DSTU7598 | o
Horizontal dynamics (frame force in | popyy gosT | 03 | 001 [033 | 001 |034 | o001 [037 | 001 |039 | 0.01
fractions of Py, (Hp/Py), from the wheel pair 33211-2017 0.40
to the bogie frame), no more
DSTU 7598 1.3
Coefficient safety margin of the wheel from ’
the derailment on straight and curved DSTU GOST i 1.38 0.025 1,36 0.025 1.31 0.025 1.16 0.025 1.12 0.025
sections of the track, not less 33211-2017 ’
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Indicator value

Actual value (by speed intervals)

o Regulatory documentation At speed, km/h
Controlled characteristics containing the value;
(wagon elements, section, requirement for the: g
1 «
pomt) arameter > E E E 'E\ E
paramete 2 0 'S e 3 e 5 e 5 3 o
2 ) = 4 = 4 = 4 = 2 b= =
2 ¥ 8 b 3 < 8 = 3 3 z
= = | = = =
£ - = - = =}
&
Body acceleration
. . ) DSTU 7598 0.75 o . o . .
vertical Z,, in fractions of DSTU GOST 332112017 075 0.31 2.5% 045 2.5% 0.55 2.5% 0.69 2.5% 0.72 2.5%
g, no more
Body acceleration
. . . DSTU 7598 0.55
0.36 2.5% 0.4 2.5% 0.43 2.5% 0.49 2.5% 0.51 2.5%
horizontal Yy, in fractions DSTU GOST 33211-2017 0.55 (3 o o o 0

of g, no more
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Table 4.8 — Results of dynamic running tests of the tank wagon model 15-1443 in empty mode (research coupling at the head of

the train)
Indicator value
Actual value (by speed intervals)
Regulatory
documentation E At speed, km/h
Controlled characteristics (wagon elements, | containing the g
section, point) value; %
requirement for z 2 2 2 2 2
the parameter E o . a g 9 g u, - - g
o
2 s |85 |= |8 | |8 |& |38 |*= |5 Z
< =i = =i =
=) ] - =} =)
. . . DSTU 7598
Coefficient vertical dynamics of the sprung | (o "o | 075 o301 g0 047 | 001 [04s | 001 | 053 | 001 |06l | 001
mass of the bogie, K;, no more 0.75
33211-2017
. . . DSTU 7598,
Coeflicient of vertical dynamics of the | er Foner | 090 o535 | go1 o6l | 001 063 | 001 | 066 | 001|071 | 001
unsprung bogie frame, K4, no more 332112017 0.90
Frame forces H, t - - 1.7 0.02 1.8 0.02 1.8 0.02 2.1 0.02 2.1 0.02
Coeflicient DSTU 7598 0.40
H.orlzontal dynamics (frame force in ' DSTU GOST 0.29 0.01 0.3 0.01 0.31 0.01 0.36 0.01 0.36 0.01
fractions of Py (Hp/Py), from the wheel pair 3321122017 0.40
to the bogie frame), no more
DSTU 7598 13
Coefficient safety margin of the wheel from ’
the derailment on straight and curved DSTU GOST o 1.43 0.025 1,4 0.025 1.34| 0.025 1.32 0.025 1.3 0.025
sections of the track, not less 33211-2017 ’
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Indicator value

Actual value (by speed intervals)

o Regulatory documentation At speed, kmvh
Controlled characteristics containing the value;
(wagon elements, section, requirement for the, g
point) S z 2 2 2 =
parameter o “ = - . 5 - . 5 - . 5 = o
2 d b= i = i = i = 2 b= 3
4 = 3 bl 3 & 3 = 3 3 z
o= | £ £ £ =
g = = = = =}
&
Body acceleration
. . . DSTU 7598 0.75
. 0.36 2.5% 0.48 2.5% 0.51 2.5% 0.6 2.5% 0.68 2.5%
vertical Z,, in fractions of DSTU GOST 33211-2017 0.75 (0 () () () ()
g, no more
Body acceleration
. . . DSTU 7598 0.55
h tal Y fract 0.26 2.5% 0.31 2.5% 0.38 2.5% 0.4 2.5% 0.52 2.5%
Orlz"‘;?g w1 PN DSTU GOST 332112017 | 0.55 ’ ° ° ° °
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Table 4.9 — Results of dynamic running tests of the hopper wagon model 19-758-01 in empty mode (research coupling at the
head of the train)

Indicator value
Regulatory Actual value (by speed intervals)
documentation ;g
Controlled characteristics (wagon containing the g At speed, km/h
elements, section, point) value; %
requirement for @ = = = = =
the parameter E " § " g ' g ' § g
= =] =} = =] Z
-} - -} -} =
. . . DSTU 7598
thicient vertical d f th
Coefficient vertical dynamics of the sprung | o s coer | 075 1 o35 | 001 | 048 | 001 |049 | 001 | 054 | 001 |063 | 001
mass of the bogie, K;, no more 0.75
33211-2017
. . . DSTU 7598
thicient of vertical d f th ’ 0.90
Coefficient of vertical dynamics of the | e 7 Zor 054 | 001 [062 | 001 [065 | 001 | 069 | 001 |072 | 001
unsprung bogie frame, Kg,, no more 33211-2017 0.90
Frame forces Hy, t - - 1.7 0.02 1.8 0.02 1.8 0.02 2.1 0.02 2.1 0.02
, Coefficient , DSTUT598 | .0
Horizontal dynamics (frame force in | pop; GogT | 03 | 001 |031 | 001 [032 | 001 | 037 | 001 |037 | 001
fractions of P (Hp/P,), from the wheel 332112017 0.40
pair to the bogie frame), no more
DSTU 7598 13
Coeflicient safety margin of the wheel from ’
the derailment on straight and curved DSTU GOST S 1.42 0.025 1,39 | 0.025 1.35] 0.025 1.33 0.025 131 | 0.025
sections of the track, not less 33211-2017 ’
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Continued table 4.9

Indicator value

Actual value (by speed intervals)

Regulatory At speed, km/h
Controlled characteristics

documentation containing
the value; requirement for
the parameter

(wagon elements, section,
point)

Permissible
value
4043

Uncertainty
5045

Uncertainty
60+5

Uncertainty
70+5
Uncertainty
80
Uncertainty
Note

Body acceleration
vertical Z,, in fractions of g,
no more

DSTU 7598 0.75

0.38 2.5% 0.49 2.5% 0.52 2.5% 0.61 2.5% 0.69 2.5%
DSTU GOST 33211-2017 0.75

Body acceleration
. } . DSTU 7598 0.55
0.27 2.5% 0.32 2.5% 0.39 2.5% 0.41 2.5% 0.47 2.5%
honzontalg\ifg, I11210?;:1ct10115 of DSTU GOST 33211-2017 0.55 (] () (! o o
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coupling inside the train)

Prokopenko P.

Indicator value

Actual value (by speed intervals)

Regulatory o
o documentation T‘:; At speed, km/h
Controlled charactc':rlstlcs.(wagon containing the value; Z
elements, section, point) . =
requirement for the z E\ é\ E\ E\ ,E\
¥ <t o vy Q O 5] o~ o 5] 2
g =i = = =
] o) ) ) -
. . . DSTU 7598
fficient vertical d f th
Coeflicient vertical dynamics of the | P oo i 075 | 038 | 001 | 047 | 001 | 04s | o001 | 058 | 001 | 0.69 | 001
sprung mass of the bogie, K4, no more 2017 0.75
. : . DSTU 7598
Coefficient of vertical dynamics ofthe | " il 99 057 | o1 | o6 | oo1 | 069 | 001 | 071 | 001 | 079 | 001
unsprung bogie frame, Kg,, no more 0.90
2017
Frame forces Hy, t - - 1,5 0.02 1.6 0.02 1.6 0.02 1.8 0.02 1.8 0.02
Coefficient
Horizontal dynamics (frame force in DSTU 7598 0.40
fractions of P, (Hp/Py), from the DSTU GOST 33211- 0:40 0.28 0.01 0.31 0.01 0.32 0.01 0.35 0.01 0.36 0.01
wheel pair to the bogie frame), no 2017
maore
Coefficient safety margin of the wheel DSTU 7598
1,3 . . . .
from the derailment on straight and DSTU GOST 33211- 1’3 L4 0.025 1,33 0.025 132 0.025 118 0.025 1.14 0025
curved sections of the track, not less 2017 ’
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Continued table 4.10

Indicator value
Actual value (by speed intervals)
o Regulatory documentation At speed, km'h
Controlled characteristics containing the value;
(wagon elements, section, : for th ' 2
oint) requirement for the = > = = - >
P parameter " = =] = =] =
2 D '3 0 '3 “ 3 “ 3 3 )
< s} = 4 = b = b = 2 = =
2 = 3 ) 8 & 3 = 3 3 2
- = g = | =
£ - ) o) ) )
&
Body acceleration
. . . DSTU 7598 0.75
rtical Z,, in fract fg, 0.3 2.5% 0.43 2.5% 0.52 2.5% 0.68 2.5% 0.7 2.5%
vertica 5;1 in fractions of g, | 111 59T 33211-2017 075 0 0 0 0 (3
0 more
Body acceleration
. ] ) DSTU 7598 0.55
0.33 2.5% 0.36 2.5% 0.4 2.5% 0.46 2.5% 0.49 2.5%
honzontalg\ilkg, I1111011:1;:1ct10ns of DSTU GOST 33211-2017 0.55 (] (! (! o ()
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Table 4.11 — Results of dynamic running tests of the tank wagon model 15-1443 in empty mode (research coupling inside the

train)
Indicator value
Regulatory Actual value (by speed intervals)
documentation 3
. . I At speed, knvh
Controlled characteristics (wagon containing the value; >
elements, section, point) requirement for the =) = - - > -
parameter 2 - = - _g . _g . £ %
S0 A - - T - IO - R -
¥ <t o v Q O Q ~ o 5] Z.
= = = = =
-} -] - = ]
. . . DSTU 7598
flicient vertical d f th
Coefficient vertical dynamics of the | oo o ] 975 1 034 | 001 | 045 | 001 | 046 | oo1 | 051 | oo1 | o6 | oo
sprung mass of the bogie, Ky, no more 0.75
2017
. . . DSTU 7598
flicient of vertical d f th 0.90
Coeflicient of vertical dynamics of the | /7" oer 2311 051 | 001 | 06 | 001 | 062 | 001 | 064 | 001 | 07 | 001
unsprung bogie frame, K, no more 0.90
2017
Frame forces H,, t - - 1,5 0.02 1.6 0.02 1.6 0.02 1.8 0.02 1.8 0.02
— Coeﬁ?“’ie“; e DSTU 7598 0.40
Horizontal dynamics (frame forcein | by GogT 33211 | o 0.28 0.01 | 029 | 001 0.3 001 | 034 | 001 | 035 | 001
fractions of Py (Hp/Py), from the wheel 2017 0.40
pair to the bogie frame), no more
DSTU 7598 13
Coetlicient safety margin of the wheel ’
from the derailment on straight and DSTU GOST 33211- ) 1.45 0.025 1,42 0.025 1.34 0.025 1.33 0.025 1.31 0.025
curved sections of the track, not less 2017 ’
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Continued table 4.11

Indicator value

Actual value (by speed intervals)

o Regulatory documentation At speed, km/h
Controlled characteristics containing the value;
(wagon elements, section, requirement for the: Ei
pong s z z z z z
parameter o “ B= e R=| e = . £ E ©
= 4 = B 8 4 8 B 8 2 8 3
% < 8 bl 3 & 3] = 3] 3] 2
-z = g 2 2 2
£ - = =} = =}
a
Body acceleration
. . . DSTU 7598 0.75
rtical Z, in fract f 0.34 2.5% 0.46 2.5% 0.49 2.5% 0.58 2.5% 0.66 2.5%
vertical Zy,, in fractions of | . =000 o019 0.75 0 o 0 o o
g, no more
Body acceleration
. . . DSTU 7598 0.55
horizontal Vi, in fractions | Gf) sl; ;32“_2017 0 0.26 25% | 031 | 25% | 036 | 25% | 04 | 25% | 043 | 2.5%

of g, no more
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ASSESSING THEIR TECHNICAL CONDITION

Table 4.12 — Results of running dynamic tests of the hopper wagon model 19-758-01 in empty mode (research coupling in the

middle of the train)

Indicator value
Actual value (by speed intervals)
Regulatory o
documentation % At speed, km/h
Controlled characteristics (wagon elements,| ontaining the value; ;
section, point) , ’ 5
requirement for the 'z Ew E\ é\ é\ E\
parameter g v 3 e '3 v 3 0 3 ‘3
= A = & = A = 4 = 2 = 2
& ¥ 8 e 8 Nt 8 = 8 8 2
= =i =i =i =
- -} -] -] )
. . . DSTU 7598
Coefficient vertical dynamics of the sprung 0.75
- 0.34 0.01 0,45 0.01 0.4 0.01 0.51 0.01 0.61 0.01
mass of the bogie, Ky, no more DSTU Gzo()f:/f 33211 0.75 ’ 7
. . . DSTU 7598
fhicient of vertical d f'th 0.90
Coeflicient of vertical dynamics of the | 1\ 0"~ or 211 052 | 001 | 06 | 001 | 063 | 001 | 067 | 001 | 07 | o001
unsprung bogie frame, Kg,, no more 5017 0.90
Frame forces H, t - - 1,5 0.02 1.6 0.02 1.6 0.02 1.8 0.02 1.8 0.02
— C"e‘ﬁdﬂ“; ree DSTU 7598 0.40
Horizontal dynamics (frame force in | por; GogT 33211- | 029 | 001 | 03 | 001 | 031 [ 001 | 035 | 001 | 035 | 001
fractions of P, (Hp/Py), from the wheel 2017 0.40
pair to the bogie frame), no more
. . DSTU 7598
Coeflicient safety margin of the wheel from 1,3
_ ’ 1.42 0.025 1,4 0.025 1.37 0.025 1.35 0.025 1.33 0.025
the derailment on straight and curved DSTU GOST 33211 1,3 ’
sections of the track, not less 2017
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Indicator value

Actual value (by speed intervals)

Regulatory documentation At speed, km/h
Cor}trfjlled containing the value;
characteristics (wagon . for th ®
elements, section, point) requirement forthe =
’ ’ parameter g z = z = z
= 4 E g | 2 4 £ 4 E g £ £
2 ¥ g 2 g g g S g > 3 z
Z g = = 2 =
= S = S S S
&
Body acceleration
vertical Z,,, in fractions DSTU ;gg?l o1 07 0.36 25% | 047 | 25% | 05 | 25% | 059 | 25% | 066 | 2.5%
of g b0 more DSTU GOST 2017 :
Body acceleration
horizontal Yig,in | DST‘; ;[;(2)?1 . g‘zz 0.25 25% | 031 | 25% | 037 | 25% | 039 | 25% | o045 | 2.5%
fractions of g, no more STU GOS -2017 :

155



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR

ASSESSING THEIR TECHNICAL CONDITION

Fomin O., and

Prokopenko P.

Table 4.13 — Results of dynamic running tests of the universal platform wagon model 13-4012 in empty mode (research

coupling at the tail of the train)

Indicator value

Actual value (by speed intervals)

Regulatory
documentation 2
Controlled characteristics (wagon containing the E At speed, km/h
elements, section, point) value; %
requirement for g . .é . .g . .g . .g .é
the parameter
o) ! ) ) o) Z
. . . DSTU 7598
. Sﬁfﬁ;ﬁﬁﬁ?ﬁnﬁ;}f tﬁzre DSTU GOST g';; 035 | 001 |o036 |o0o01 |04 |00t | 043 | o001 |05 | o001
prung gie, Ba 33211-2017 :
. . . DSTU 7598
Coefficient of vertical dynamics of the | o "o | 090 g1 g01 {049 | 001 [os3 | oo | 057 | 001 |oes | 001
unsprung bogie frame, Kg4,, no more 0.90
33211-2017
Frame forces H, t - - 1.5 0.02 1.6 0.02 1.7 0.02 1.8 0.02 1.8 0.02
, Coefficient , DSTU 7598 040
Horizontal dynamics (frame forcein | o1y Gogr ' 029 | 001 |034 | o001 [032 |00l | o036 | o001 |037 | 001
fractions of Py (Hp/Py), from the wheel 332112017 0.40
pair to the bogie frame), no more
Coefficient safety margin of the wheel DSTU 7598 13
from the derailment on straight and DSTU GOST 1’3 1.45 0.025 1.4 0.025 1.3 0.025 1.28 0.025 1.23 0.025
curved sections of the track, not less 33211-2017 ’
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Continued table 4.13

Indicator value

Actual value (by speed intervals)

o Regulatory documentation At speed, knmv/h
Controlled characteristics containing the value;
(wagon elements, section, requirement for the: o
. =
t _—
point) parameter g E E ‘E E E
= 4 E 4 £ 4 E 4 £ 2 £ g
T— =]
P s | & |7 &= |z |F |E |71 |7
£ -} - -} - -
&
Body acceleration
. . . DSTU 7598 0.75
rtical Z, in fract f 0.3 2.5% 0.41 2.5% 0.5 2.5% 0.57 2.5% 0.72 2.5%
vertical Z, in fractions o DSTU GOST 33211-2017 075 o o o o 0
g, no more
Body acceleration
. ) . DSTU 7598 0.55
h tal Y fract 0.27 2.5% 0.31 2.5% 0.42 2.5% 0.48 2.5% 0.51 2.5%
oneons oy o o CHOTS | DSTU GOST 332112017 | 0.55 ’ ’ ’ ’ ’
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Table 4.14 — Results of dynamic running tests of tank wagon model 15-1443 No. in empty mode (research coupling at the tail of

the train)

Indicator value

Actual value (by speed intervals)

Regulatory 2
o documentation = At speed, knvh
Controlled characteristics (wagon inine th z
elements, section, point) containing the s
’ ’ value; requirement % 2 2 iy 2 2
= g g £ g g
for the parameter E 8 £ 8 8 8 2
- 3 3 3 3 3 z
< = = < <
$2 | 5 |89 P |89 > |89 | > | & | 7
. . : DSTU 7598
Coefficient vertical dynamics of the 1/ "o (1075 1 g5 | 001 | 033 | o001 | 041| o001 | 042 | o001 | 047 | o001
sprung mass of the bogie, Ky, no more 2017 0.75
. . . DSTU 7598
Coefficient of vertical dynamics of the - e 7o 099 1 442 | 001 | 047 | 001 |049] 001 | o051 | o001 | 062 | ool
unsprung bogie frame, Kg,, no more 0.90
33211-2017
Frame forces Hy, t - - 1.5 0.02 1.6 0.02 1.7 0.02 1.8 0.02 1.8 0.02
, Coefficient , DSTU 7598 0.40
Horizontal dynamics (frame force in | por; GogT 33211 022 | o001 | 024 | 001 | 031 001 | 032 | o001 | 034 o001
fractions of Py (Hp/Py), from the wheel 2017 0.40
pair to the bogie frame), no more
Coetlicient safety margin of the wheel DSTU 7598 13
from the derailment on straight and DSTU GOST 1’3 1.48 0.025 1,46 0.025 | 1.37| 0.025 1.34 0.025 1.33 0.025
curved sections of the track, not less 33211-2017 ’
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Indicator value

Actual value (by speed intervals)

of g, no more

o Regulatory documentation At speed, km/h
Controlled characterls'tlcs containing the value;
(wagon elements, section, requirement for the z
point) 4 s = z = = =
parameter o “ g “ .g “ N “ .g N o
= 4 g B 8 4 8 B 8 2 = 2
¥ g N - g = 2 & “
£ - = =} = =}
a
Body acceleration
vertical Z,_, in fractions of DSTU 7598 0.75 0.27 25% 039 | 25% |043 | 25% | 051 | 25% | 053 | 2.5%
a DSTU GOST 33211-2017 0.75
g, no more
Body acceleration
. . . DSTU 7598 0.55
horizontal Yy, in fractions DSTU GOST 332112017 0.55 0.24 2.5% 0.29 2.5% 0.33 2.5% 0.39 2.5% 0.42 2.5%
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Table 4.15 — Results of dynamic running tests of the hopper wagon model 19-758-01 in empty mode (research coupling at the
tail of the train)

Indicator value
Regulator?/ Actual value (by speed intervals)
documentation "
containing the =
Controlled characteristics (wagon valueg s At speed, km'h
elements, section, point) ) i =
requirement for 2
the parameter -4 s s 5] g 5|
i = 8 | S22 |Ez|2)82 % |G| |fe| @
o F e = b e = 3 = = = s = g = =
= = o o) = =
. . . DSTU 7598
flicient vertical d f th
Coefficient vertical dynamics of the sprung | e v -0 075 1 933 | oo1 |o036 | 001 |o42 [o001 | 043 | o001 |o048 | 001
mass of the bogie, K;, no more 0.75
33211-2017
. . . DSTU 7598
flicient of vertical d f th 0.90
Cocflicient of vertical dynamics of the DSTU GOST 044 | 001 |049 | 001 051 | 001 | 054 | 001 |o064 | 001
unsprung bogie frame, K4, no more 0.90
33211-2017
Frame forces Hy, t - - 1.5 0.02 1.6 0.02 1.7 0.02 1.8 0.02 1.8 0.02
_ Coefficient _ DSTU 7598 0.40
Horizontal dynamics (frame force in | popy Gogr ‘ 028 | 001 |030 | 001 (032 | 001 | 034 | o001 |034 | 001
fractions of Py (Hp/Py), from the wheel 3321122017 0.40
pair to the bogie frame), no more
Coefficient safety margin of the wheel from DSTU 7598 13
the derailment on straight and curved DSTU GOST 1’3 1.47 0.025 1,40 0.025 1.36 0.025 1.33 0.025 1.3 0.025
sections of the track, not less 33211-2017 ’
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Continued table 4.15

Indicator value

Actual value (by speed intervals)

o Regulatory documentation At speed, km'h
Controlled characteristics containing the value;
(wagon elements, section, requirement for the, Q
pin s 5 z z g z
parameter o “ = v = v = v 5 s 2
2 4 = 4 = A = 4 £ 2 = =]
4 ¥ 3 bt 3 3 8 = 2 8 z
Z 2 2 = 2 2
£ = =) =) = =)
(5]
ay
Body acceleration
vettical Z,,, in fractions of g, DSTU 7598 0.75 0.29 25% | 041 | 25% | 045 | 25% | 053 | 25% | 055 | 2.5%

no more DSTU GOST 33211-2017 0.75

Body acceleration
horizontal Y\, in fractions of
g, o more

DSTU 7598 0.55

0.26 2.5% 0.27 2.5% 0.34 2.5% 0.42 2.5% 0.45 2.5%
DSTU GOST 33211-2017 0.55
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4.5 Restoration of the carrying capacity of the wagon for transporting grain

In recent years, there has been a significant aging of the grain carrier fleet. The
average age of grain carriers in Ukraine is 27.4 years, which is 2.8 years (12%) more
than the average European railway with a 1520 mm gauge. It should also be noted
that 69% of Ukrainian grain carriers have been in operation for more than 27 years,
with a standard service life of 30 years. To resolve the issue of the possibility of
further operation of hopper wagon s for transporting grain with expired service life,
their technical diagnostics are carried out found that the inspected wagon s of model
19-752, in the amount of more than 113 wagons, have cracks in the area of the
connection of the rear stop of the automatic coupling device with the frame of the
wagon body out of a total of 1,453 wagon s inspected since 2016.

To resolve the issue of the appearance of cracks in the area of connection of the
rear stop of the automatic coupling device, modernization was carried out by welding
a reinforcing plate in the damaged area. Carrying out these control and standard life
tests will allow us to practically confirm the feasibility of this modernization and
extend the service life of the grain wagon by 7 years.

The purpose of conducting control tests of modernized grain wagon s is to
establish the effectiveness of the modernization performed and to determine the
residual life after the modernization has been completed.

The purpose of the wedge drop test is to determine the stresses in the
supporting structure elements of the body frame and bogie bolster.

The purpose of a typical contact strength test i1s to determine and evaluate
dynamic stresses and deformations in the load-bearing structures of the wagon when

standard impact forces are applied through the automatic coupling device.
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The purpose of testing for life is to determine the appearance and development
of damage and residual deformations in the load-bearing structures of the wagon
under repeated exposure to longitudinal loads through the automatic coupling device,

as well as calculation of service life, which can be determined based on test results.

4.5.1 Analysis of the frequency of unscheduled repairs of grain wagons

To analyze the frequency of unscheduled repairs of grain carriers, data on
unscheduled repairs performed for the period from 01/01/2016 were analyzed. until
04/30/2023 So, according to the certificate for this period, unscheduled repairs
(O0O0-1 and O0OO0-2) of grain carriers of the Ukrzaliznytsia JSC fleet were carried
out on 20,597 wagon s, of which OOO-1 was 8,768 wagon s, O00O-2 - 11,829
wagons. As of 05/01/2023, according to the certificate, the fleet of grain carriers of
Ukrzaliznytsia JSC is 11,649 wagons, with an average wear rate of 98.43%. Thus, the
average number of unscheduled repairs per 1 wagon of the total grain carrier fleet is
1.77. The years of construction of the grain carriers of this fleet are in the range of

1976 — 1993. (Figure 4.28).
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1600 1303 I 1478 e
1400 . 1282
e 1045
1000 2 965
800
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400 290 307 377
e | | n Yea

wn
-
8]
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Z

Figure 4.28 — Distribution of the number of grain carriers

by year of construction
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The standard service life of grain carriers 1s 30 years, and given that the wear
and tear of the grain carrier fleet reaches 98%, grain carriers with expired service life
are subject to a technical condition survey to extend their service life and subsequent
operation on the railways of Ukraine. During the technical condition surveys carried
out for the period from 01/01/2016 to 04/30/2023, grain carriers (total number of
about 200 units) were discovered, for which cases of typical cracks in load-bearing
structures were recorded.

4.5.2 Investigation of places where the body frame is damaged

At the wagon repair enterprise, a study was carried out of the locations of
damage to the body frame of grain wagons model 19-752 using the magnetic particle
non-destructive testing method.

Non-destructive testing specialists carried out visual and magnetic particle
inspection of the back stop and the place of its riveted connection with the center

beam (Figure 4.29).

Figure 4.29 - Magnetic particle testing of the backgauge
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Based on the results of the control, the following was revealed:
- cracks in the center beams of two wagons, which were examined in the area
of the riveted connection with the rear stop (Figure 4.30);
- weakening of rivets in places where cracks occur (Figure 4.31);
- cracks in the welded joints of the bottom sheet of the pivot beam with the
center beam in the two wagons under study (Figure 4.31);

a crack in the rear stop of one of the wagon on the draft gear side (Figure 4.32).

Figure 4.30 — Crack in the center beams of grain wagons
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Figure 4.31 Crack in the welded joints of the bottom sheet of the pivot beam
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Figure 4.32 — Crack in the back stop
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4.5.3 Study of the stress-strain state of grain truck bodies of model 19-752

To assess the stress-strain state (strength calculation according to DSTU 7598:
2014) of the load-bearing structures of the grain wagon model 19-752 using the finite
element method, the corresponding 3D models were built in the Solid Works
computer package.

The bodies of model 19-752 grain wagon are all-metal load-bearing structures
and are made of a set of longitudinal and transverse stiffeners covered with thin
corrugated sheets.

The 3D model of the grain wagon body of model 19-752 was built in

accordance with the design documentation of the manufacturing plant and consists of

554 parts (Figure 4.33).

Figure 4.33 — 3D model of the wagon body

To carry out strength calculations, a combined finite element model of the

grain wagon body with different sizes of end elements and different types of
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elements - 6 mm and 24 mm (Figure 4.34) has been developed. This choice of

element sizes was made based on the geometric features of the structure.

Figure 4.34 — Finite element model of the wagon body (6mm and 24mm mesh)

The loading scheme for the grain wagon body 19-752 was developed in
accordance with DSTU 7598:2014. Calculations were performed for the most
unfavorable possible combination of simultanecously acting normative forces in
accordance with the established design modes I and III.

Mode I — conditional security mode. Operating conditions according to the first
calculation mode for freight wagons correspond to settling and shifting of heavy
rolling stock, collision of wagons during maneuvers, including when dismantling
from hills, emergency braking on trains at low speeds or collision of wagons in
emergency situations, and also emergency jerk (push).

Mode IIT — operational mode. Under operating conditions III, the design mode
corresponds to cases of movement of a wagon with a full load as part of a train along
straight and curved sections of track and turnouts of the corresponding design and

condition at an acceptable speed, up to the design speed, during periodic service
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control braking, periodic moderate jerks and shocks from the normal operation of the

mechanisms and components of the wagon.

The calculated forces are given in table 4.16.

Table 4.16 — Static and kinematic boundary conditions

Design forces

Design modes

Body
AND m
(jerk, stretch-impact, . :
_ (tension-compression)
compression)

Vertical forces (division 5.2 DSTU 7598:2014)

Gross gravity (82.4t)

808344 N

808344 N

Dynamic forces at design

speed
(k4,=0.352)

285345 N

Vertical component of the
longitudinal force of body
inertia (50%)

256000 N

Lateral forces (division 5.3 DSTU 7598:2

014)

Centrifugal force

67689 N

Transverse component of

longitudinal quasi-static force

(-) 200000 N (+)
26400 N

Longitudinal forces (division 5.4 DSTU 7598:2014)

Hit -3.5 MN -
Jerk +2.5 MN -
Compression -2.5 MN -1.0 MN
Stretching +2.0 MN +1.0 MN
Self-balanced loads (division 5.5 DSTU 7598:2014)
Expansion forces (y=0.75) 2763.1 Pa 6375.6 Pa
(-) 531760 N (+)

Thrust forces for end wall 425400 N 212700 N

Limit conditions

Longitudinal stiffness |y .\ 4inal stiffness
Total r1gld1ty of the spring 7_5 84000 N/m 7524000 N/m Horizontal
suspension of the wagon Horizontal stiffness stiffness 7704000 N/m

7704000 N/m
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4.5.4 Results of standard calculations of the wagon body

When determining the material properties necessary for strength calculations,
certain assumptions were applied. Firstly, the material from which a particular part 1s
made is considered homogeneous. In addition, the actual characteristics of the real
material from which any structure is made have some deviations from the
characteristics given in reference books.

Wagon bodies are made of 09G2S steel. The permissible stresses adopted in
accordance with DSTU 7598:2014 when calculating the strength of load-bearing

frame elements are given in Table 4.17.

Table 4.17 - Permissible stresses

Material Mode I Mode II1
o] | ol | lowd | [o] | [mp) | [oal
MPa MPa MPa MPa MPa |[MPa
Vertebral and pivot beams of the body frame
Rolled steel, 09G2S [0.96, | 0.550,| 120, | 195 | 120 | 290
Body elements, with the exception of the center and pivot beams
Rolled steel, 09G2S [0.950, 0.60; 1.30; 205 125 305

In the impact and compression modes, the rivet connection works as a single-

shear lap connection (Fig. 2.7).

Fastener: 1 2 a1 #HhuN
;_5__] S. S, | S Sy
| 1 ] ] | 5 il | | | | |
l Strap || ——P
P «——Plate |
L 1 | | ] 1 1 1 | |
s W B 12 o )

Figure 4.35 — Single-cut lap joint

In this case, the center beam will be in compression, and the opening of a crack

in a solid body can only be of the “shear” type (type 1I). With plane displacement, a
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crack is formed by moving the edges of the crack in a plane and perpendicular to its

frontal line (Fig. 4.36).

Figure 4.36 — Type 1l “shear” crack

For such a crack to form during compression on the center beam, large
shearing forces must act, which can only arise from vertical loads.
In the jerk and tension modes, the rivet connection operates as a single-shear

connection with a lining (Fig. 4.37).

Fastener: 1 2 3.3 8N

Sy pSig pSig pSig pSey
| 1 1 B 1 ] | | | |
[ Strap!
P «——/Plate | ——sP

4] D D D b D
b o b o b kol

Figure 4.37 — Single-cut connection with cover plate

172



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and

ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

In this case, the center beam will be in tension, and the opening of a crack in a
solid body can only be of the “rupture” type (type I). Under normal stresses, a crack
occurs when the edges of the crack move perpendicular to the plane of the crack

(Fig. 4.38).

0

Figure 4.38 — Type I “rupture” crack

In order for such a crack to form during tension on the center beam, large

transverse forces must act.

Solid calculations of the grain wagon body were made on the basis of the
constructed calculation diagrams. Figures 4.39-4.41 show the results of calculating a
rivet joint for standard impact and compression modes.

The sum of forces must be equal to the applied load in mode I (impact) = 3.5

MN divided in half.
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Figure 4.39 — Forces acting in a single-shear lap rivet connection in mode I (impact)

The sum of forces must be equal to the applied load in mode I (compression) =
2.5 MN divided in half.

J T
61800 |

32800 w;%oo u76700 85100 | 88800

90900 Qs

28600 ol 33500 ﬁ 62500 || 65200 || 63700 | o

Q Q O Q Q [
14800 I 32700 | 56400 | 66800 | O

OOOO Q

84700 46700

r it el

5650 44700

Figure 4.40 — Forces acting in a single-shear lap rivet connection in mode I
(compression)
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The sum of forces must be equal to the applied load in mode III (compression)
= 1.0 MN divided in half.

\

V.

W 24800
18700 23900 ! 32400 34000 34300 Q

QO OO

14200 [ 16000 ﬁ 25800 || 25700 || 24200 |

QO QOO0
Q

1
q 2070 16700

29000

i

i
O

o

| 35100 |

o

27700 17500

Figure 4.41 — Forces acting in a single-shear lap rivet connection in mode 11
(compression)

Let us consider the distribution of normal and contacting stresses on the center
beam under the rivets from longitudinal compression forces. The possible stress
accumulation is assessed by comparing the obtained stresses with the endurance limit

for contacting stresses during a pulsating cycle 1,=70 MPa.
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954 Himneg (MP)

| Smesrues: 1064 Nimen™2 (MPs)

Figure 4.42 — Stress distribution on the center beam under the rivets due to
longitudinal forces. Mode 1 (2.5 MN compression)

Based on the calculation results presented in 2.13, it can be concluded that
fatigue damage can accumulate in the center beam at a load of 2.5 MN and above. In
this case, the crack will propagate at an angle of about 45°.

Let us separately consider the influence of vertical forces on the total shear
stresses. Let's compare calculations based on gravity forces for a gross volume of 70
tons with calculations based on gravity forces gross 70t with a dynamics coefficient
of 0.352 and based on gravity forces, gross 75t (overload) with a dynamic coefficient

of 0.352.

Figure 4.43 — Stress distribution on the center beam under rivets due to gravity (70t)
176



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

[ Snoeense [48 2 Ntren 2 (WPa) |

|

453 i (W)

Figure 4.44 — Stress distribution on the center beam under rivets from gravity forces
with a dynamics coefficient of 0.352 (70t)

58 Kimm®2 04”a)
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‘Figure 4.45 — Stress distribution on the center beam under rivets from gravity forces
with a dynamic coefficient of 0.352 (75t)

Thus, the impact, mode I and mode III compression modes are not the causes

of fatigue cracks in the riveted joint area. The stress from vertical forces is not the

main stress in the riveted joint area, and an overload of 5 tons gives a stress change of

2 MPa.
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Let's consider the snatch, stretching modes I and mode III. Figures 4.46-4.48
show the results of calculating a rivet joint for standard impact and compression

modes.

5
-27300
35400 J{ 12700 B 1830 274 -4690 O
Q QO QO QO Q J
33800 [ 13100 [ 4830 || 1090 || 718 | 0
Q QO QO QO Q Ea
40400 i 19100ﬁ 8810 || 2500 | O
QO QO QO __Q
- { 22000 : 28400

Figure 4.46 — Forces acting in a single-shear lap rivet connection in mode I (jerk)

p.
| T 28300 B 10200 B 1470 219 -3750
27000 | 10500 [ 3860 || ss0 || 574 |

QO QO QO Q
32300 | 15300 H 7050 |[ 2010 |
300 0._

0

1l 8820

N |

Figure 4.47 — Forces acting in a single-shear lap rivet connection in mode I (tension)
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Figure 4.48 — Forces acting in a single-shear lap rivet connection in mode I (tension)

Let us consider the distribution of normal and contacting stresses on the center
beam under the rivets from longitudinal tensile forces. The possible stress

accumulation is assessed by comparing the obtained stresses with the endurance limit

for normal stresses during a pulsating cycle 6,=120 MPa.

m—.ﬂ_u 4 Niren*2 (MPa)

Jeiramviie | 736 3 Naoen*2 (MPa)
2F7 =2 (WPa)

e T

Figure 4.49 — Stress distribution on the center beam under the rivets due to
longitudinal forces. Mode I (stretch 2.0 MN)
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Figure 4.50 — Stress distribution on the center beam under the rivets due to
longitudinal forces. Mode III (stretch 1.0 MN)

Based on the calculation results presented at 4.49 and 4.50, it can be concluded
that fatigue damage accumulates in the center beam at a load of less than 1.0 MN. In
this case, the crack will propagate vertically from the lower rivet hole at 151.7 MPa
to the upper rivet hole at 141.9 MPa.

Thus, the jerk, mode I and mode III tensile modes are the main cause of fatigue
cracks in the riveted joint area. Such significant stresses arise due to a sharp change
in the stiffness of the connection.

4.5.5 Results of regulatory calculations for the grain wagon body modernization
project

Robust calculations of the final version of the modernization of the grain wagon
body were made on the basis of the constructed design diagrams with the addition of

residual stresses in the amount of 20% of the yield strength.
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Figure 4.51 — Modernization of the grain wagon body

Since welded joints are used in modernization, those related to stress will be
critical, since it is believed that the welded joint works for shear. Strength assessment
i1s made by comparing the obtained stresses with permissible contact stresses for
mode I [t]=178 MPa, and for mode III [t]=120 MPa. The possible stress
accumulation is assessed by comparing the obtained stresses with the endurance limit

for contacting stresses during a pulsating cycle t-0=70 MPa.

[Sraravane | 1243 e (W)
[ Iramererss 154 £ toeev"d (0 )]

[rmmrre | 1201 Nmm"s 0P3)

Figure 4.52 — Stress distribution of the final version on the center beam due to
longitudinal forces. Mode III (stretch 1.0 MN)
The modernization meets the strength requirements, the highest stresses do not
exceed the endurance limits for contact stresses for a pulsating cycle of 62.3 MPa <

[70 MPal].
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4.5.6Checking the effectiveness of the completed upgrade by conducting control
tests and determining the service life

The purpose of conducting control tests of modernized grain wagons is to
establish the effectiveness of the modernization performed and to determine the
residual life after the modernization has been completed.

The purpose of the wedge drop test is to determine the stresses in the
supporting structure elements of the body frame and bogie bolster.

The purpose of a typical contact strength test is to determine and evaluate
dynamic stresses and deformations in the load-bearing structures of the wagon when
standard impact forces are applied through the automatic coupling device.

The purpose of testing for life is to determine the appearance and development
of damage and residual deformations in the load-bearing structures of the wagon
under repeated exposure to longitudinal loads through the automatic coupling device,

as well ascalculation of service life, which can be determined based on test results.

Figure 4.53 — Modernized covered hopper wagonfor grain model 19-752
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4.5.6.1 Wedge release test
Determination of dynamic stresses in frame elements and bolsters is carried out

based on the results of drop tests from wedges. According to the developed scheme of
control points, strain gauges are installed on the bolster and the frame of the hopper
wagon. Depending on the elements of the wagonbeing examined, wedges are
installed under the wheels of the hopper wagon, and then the wagon is reset by
rolling it onto the wedge. The wedge dimensions are height 21 mm, length 350 mm,
width 50 mm.

A loaded hopper wagon is rolled onto wedges by a locomotive. The wedges are
installed one by one (Table 3.4.1):

- under all the wheels of the wagon (imitation of bouncing);

- under the wheels of one side of one bogie and the other side of another bogie
(imitation of twisting);

- to all wheels of one bogie (imitation of galloping);

- under the wheels of one side of the hopper (imitation of sideways rolling).

Table 4.18 — Scheme for installing wedges under the wheels of the wagon

No. | Type of vibrations Wheelset number

4 Lateral rolling

1 2 3 4
| Bouncing
2 Body twisting
3 Galloping
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When dropping a wagon from the wedges, depending on the number of wedges
used and their location from the corresponding wheels of the wagon bogies, the stress

values are determined depending on the type of vibration.

Table 4.19 — Test results for wedge release

Salary | Bouncing, | Salary | Torsion front | Salary | Torsion front

no. MPa no. right rear left, no. left rear right,
MPa MPa
| 14 | 15 1 11
2 13 2 9 2 8
3 17 3 10 3 11
4 14 4 10 4 11
5 9 5 9 5 9
6 10 6 8 6 8
7 10 7 11 7 13
8 6 8 7 8 4
9 5 9 5 9 4
10 5 10 6 10 3

Salary | Galloping, | Salary Lateral Salary | Lateral rolling

no. MPa no. pitching from | no. on the right,
the left, MPa MPa
1 15 1 10 1 13
2 14 2 10 2 9
3 12 3 9 3 12
4 9 4 11 4 10
5 6 5 10 5 10
6 9 6 8 6 11
7 16 7 12 7 13
8 5 8 3 8 5
9 3 9 3 9 4
10 4 10 5 10 7

Locations for installing strain gauges when testing drops from wedges:
- Points 1, 2, 3 — bolster;
- Points 4, 5 — pivot beam;

- Points 6,7, 8 — spinal beam;
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- Points 9, 10 — modernization zone on the spine gully.
Before carrying out the “dumping from wedges” tests, the stress in the bolster
from the mass of the load and the mass of the body with the frame was determined by

lifting the body with jacks.

Figure 4.54 — Installation locations of strain gauges on the bolster, point 1, 2, 3
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Figure 4.56 — Installation location of strain gauges on the center beam at points 6,
7

186



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

Figure 4.58 — Place of installation of strain gauges in the modernization zone of

points 9, 10
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Experimental determination of the strength of a grain wagon during standard
and life-long impact tests.
Test method.
When carrying out standard and life tests on an impact, the following
indicators are measured:
- speed of attack of the striker wagon;
- impact force on the automatic coupler;
- number of cycles before failure or damage;
- voltage in the studied elements of the wagon.
To determine the longitudinal forces acting on the test wagon at the moment of
impact, an automatic coupler-dynamometer was used (Figure 4.59), equipped with
strain gauges and pre-calibrated with a static load on a stand with a force of up to

3.5 MN.

\ NG
rerat@a

Figure 4.59 — Automatic coupler-dynamometer
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Impact tests were carried out on a straight horizontal section of railway track
using a locomotive.

In addition to the locomotive, the following equipment was used:

- Impact wagon weighing 91 tons;

- With a double-impact scheme, another hopper wagon model 19-752 is used,
modernized No. 95378238 from one side, the track length is 140 m.

- Supporting equipment from three braked freight wagons with a total weight of
300 tons, the movement of which is limited by rail shoes and, taking into account the
grain wagon No. 95378238, the weight is 390 tons.

To further speed up the testing, a two-impact scheme was used in one stroke of
the striker wagon, in which the first impact is performed when the striker wagon is
rolled onto the test wagon, and the second when the test wagon is rolled in
conjunction with the striker wagon onto a fixed support.

Impacts were carried out by rolling a striker wagon onto the test wagon using a
locomotive. Life tests were carried out in separate series of vessels, which in terms of
the amount of damage corresponded to the impact of actions during the year of
operation of the wagon. After each series of impacts, the technical condition of the
wagon and its equipment was checked.

Impact tests were carried out with a single wagon, which hit a group of loaded
wagons, braked by carriage shoes, standing on a straight section of the railway track.

When testing a single wagon, a loaded striker wagon was rolled onto a wagon
installed in a group of wagons under test by a locomotive, which was uncoupled from
the striker wagon, when it reached an approximately specified impact speed.

The statistical distributions of the maximum longitudinal forces acting on the
wagon through the automatic coupler are taken as the initial (operational) spectrum of
wagon loading. To calculate the test modes for the cyclic durability of the load-
bearing elements of the wagon structure, we use generalized divisions of dynamic
(impact) longitudinal forces, corrected by excluding forces with a quasi-static nature
of action from the initial distributions.
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Selection of test mode for life, processing and evaluation of test results of
vinoconan based on:

- linear hypothesis of the amount of damage;

- stress fatigue curve: , where is the number of oscillation cycles with amplitude,
t is the exponent.o] N;_conse N 0;

When determining the residual service life of the wagon, the vertical and
longitudinal dynamic loads that arise during operation are taken into account. We

make the calculation using the formula:

I
= T ™
P NaZ(oly) PN si(oth) R

(4.8)

where T, - is the estimated residual service life of the wagon, years;

04N - endurance limit (in amplitude) for the control zone with a symmetrical

cycle and the established load mode at the base number of cycles, MPa;

m - exponent in the fatigue curve equation. For welded structures made of rolled

steel without strengthening treatment of seams in accordance with m = 4;

[n]the minimum acceptable safety factor for fatigue resistance for the selected

arca of the wagon [n] = 1,5;
N, - basic number of cycles;N, = 107
N N,y - number of cycles per 1 year of operation for each operational load

(vertical and longitudinal);

al j,aé]- — amplitudes of dynamic stresses reduced to a symmetrical cycle for

each of the operational loads and their ranges, MPa;

P; a,;- probability of occurrence of amplitude with level.

Oy = 0,y(1—2,) =44,4-(1—1,645-0,05) = 40,8 MPa (4.9)
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where z,, — is the distribution quantile corresponding to a one-sided probability

of 95%, z, = 1,645;
v — coefficient of variation of the fatigue threshold of the part:

- for welded frames and beams made of sheet and shaped steel during automatic

welding under a layer of flux and inside a protective gas v = 0.05;

- also for semi-automatic and manual welding v=0.07;

— average calculated value of the endurance threshold:a,,

- _ 04 _ 200
O,n = (K;)k,_ s = 44 4 MPa

o_ ,— the average value of the endurance threshold of a smooth standard sample

made of frame material with a symmetrical bending cycle on the base. N,

(K, )k — the average value of the coefficient of reduction in the endurance

threshold of the frame in relation to the endurance threshold of a smooth standard
sample, .(K,), = 4,5

N, — the number of cycles of vertical vibrations of a loaded wagon that occur
during its service life of one year:

. 103 . 103
Ne =365+ f, =0 - T, = 365 - 3,08 == -1 =4065000  (4.10)
T )

Ty—design service life of the wagon after modernization;
L.—design average daily mileage of the wagon (assuming 162 km);
Vr— design average technical speed of the wagon is 22.4 m/s;

0,5— empty run coefficient;
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fe—the effective frequency of the process of changing dynamic loads is

determined by the formula.

_a . |g__14 | ’ﬂ_
fe_zfr J;_2-3.14 0.05_3’08 In.

K,; — determined using formulas.

K _7{—; 41 1 0185 | 4 l 1 _ 035
a = T M T—P(Ky) ~ 1,13 314 71-0,02-035
Where — the distribution parameter for a loaded wagon is 1.13.w

The average possible value is determined by the formulas:K;,

-At V=15 m/s

V—15 33,3 —-15
=0.05+36-107*-1-———=0,181

K, = 3,6-107% b -
a=at fr 0,05

-At V<15 m/s

_ 4 ,
Ky =a-— = 0.05-

15 15~ 004

Where a is a coefficient equal to 0.5 for body elements;

b— coefficient taking into account the influence of the number of axles n in a

bogie or group of bogies under one end of the carriage.

n+2_

_Zn

V — design speed, m/s;

for— static deflection of spring suspension, g.

The total estimated number of cycles during the estimated period of operation of
the wagonfor the total mileage network is determined by the formula:

N;:zgsp = Nggd ) Tpos’p ) Rpeafc ) Rydr (411)
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where NZ‘i,d - the total number of cycles of impact longitudinal forces for 1 year
of the average operating network on the structure of a wagon of this type, for
distributions (without taking into account quasi-static forces) is:

- for freight Wagons;Nz‘fgd ~ 20200

T.aic - estimated period of operation of the wagon, (1 year);

K,, - coefficient taking into account the influence of the empty run of the wagon
when assessing the cyclic durability of load-bearing elements K, (for a grain
wagon) K,,, = 0,5;

K, =1—=Kop (4.12)

Kuq- a coefficient that takes into account the asymmetry of the loading of the
wagonstructure along its length during collisions and the uniformity of the
application of impact forces to the automatic coupler at both ends of the wagon
(when assessing the cyclic durability of the elements of the cantilever part of the
wagon, it is recommended to take it equal to 0.6).

The choice of loading mode is carried out taking into account the ratio of the
average daily mileage to the total network mileage.

For grain hopper wagons:

162
N)f,f‘k =20200-1-0,50-0,6- 290 3393 ina 1 year

To study the influence of tensile forces on the strength of the rivet joint, tensile
tests of 100 cycles were carried out after testing compressive impact loads of 300-400
blows, with recording of tensile force and stress indicators.

N, 4— the estimated number of collisions per year of wagon operation.

According to the single-impact scheme and; F,, = 3,8, Forpy,=3.4 MN;
Foi=2.8 MN F,j,,=2.4 MN the basic number of cycles per one year of operation will
be:
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. 3393
b ™ 3 g4

-(0,25*-0,1258 + 0,6* - 0,2852 + 1* - 0,2802 + 1,4*-0,1832 + 1,8*

-0,0772 + 2,2*+0,0359 + 2,6* - 0,0208 + 3,0* - 0,0023 + 3,4*
-0,0003 + 3,7*-0,0001) = 68;

. 3393
b ™ 344

+(0,25*-0,1258 + 0,6* - 0,2852 + 1* - 0,2802 + 1,4* - 0,1832 + 1,8*

-0,0772 + 2,2*-0,0359 + 2,6* - 0,0208 + 3,0* - 0,0023 + 3,4*
-0,0003 + 3,7*-0,0001) = 107;

. 3393
b ™ 284

-(0,25*-0,1258 + 0,6* - 0,2852 + 1*-0,2802 + 1,4*-0,1832 + 1,8*

-0,0772 + 2,2*+0,0359 + 2,6* - 0,0208 + 3,0* - 0,0023 + 3,4*
-0,0003 + 3,7*-0,0001) = 230

3393
b ™ 944

-(0,25*-0,1258 + 0,6* - 0,2852 + 1*-0,2802 + 1,4*-0,1832 + 1,8*

-0,0772 + 2,2*-0,0359 + 2,6* - 0,0208 + 3,0* - 0,0023 + 3,4*
-0,0003 + 3,7*-0,0001) = 451;

With a 2-impact scheme, the first impact is made when the striker wagon is
rolled onto the wagon being tested, and the second is when the wagon, tested alone or
in conjunction with the striker wagon, is rolled onto the support wagons. With this
scheme, impact forces are recorded on two tested automatic couplers of the wagon.

With a two-impact scheme with a force of the first impact F;= 3.6 MN and the
second impact F, = 3,8 MH, the basic number of cycles per one year of operation will
be:

™Ns _ 3,8%-68

Npy = = =38
PIL™ pm L Fm ™ (3,8% + 3,69

With a two-impact scheme with a force of the first impact F;= 3.4 MN and the
second impact F, = 3,6 MH, the basic number of cycles per one year of operation

will be:
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™ N 3,6%-107
Nbll = m m = = 60
F' + F* ~ (3,6% + 3,49

With a two-impact scheme with a force of the first impact F;= 2.8 MN and the
second impact F, = 3,0 MH, the basic number of cycles per one year of operation

will be:

N = or-Ng _ 3%-291 _ 628
P Fm  FIM T (34 + 2,89
Table 4.20 — Impact test results
No. Strength Average The Number of | Accumulate
(N), MH force  value | number of | strikes two|d damage,
(N), MH strokes 1s | strike MH*
equal  to | pattern
the shock
pattern
| Lessthan1 |1 4 - 4
2 1.0-1.5 1.25 7 - 17
3 1.5-2.0 1.75 40 - 375
4 2.0-2.5 2.25 70 - 1794
5 2.5-3.0 2.75 60 - 3430
6 3.0-3.5 3.25 93 - 10375
7 More than | 3.5 53 - 7953
3.5
3+2.6 - 78 9882
9 3.5+3 - 110 25410
10 3.8+3.2 - 67 20991
Total 582 80231
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Table 4.21 — Results of life-long impact tests.

Strength, MN
Dot 2.5 3.0 3.5
MPa MPa MPa
1 35 41 57
2 21 34 72
3 55 82 93
4 29 28 31
5 19 25 26
6 16 23 29
7 19 23 38
8 60 68 87
9 68 79 91
10 58 70 86
11 27 33 77
12 28 31 62
13 37 67 80
14 12 22 39
15 41 52 36
16 55 66 95
17 10 17 29

In fact, 582 impacts were made during testing.

The operating time during the period of life tests was compared with the
calculated operating time for the year of service of the grain truck. The operating time
criterion is the sum of accumulated damage, determined by the formula:

XD =YP'xn,
where ) D is the sum of accumulated damage;
Pi — impact force;
n; — number of impacts with force Pi.
The estimated amount of accumulated damage for a year of operation is

determined by the formula:

D,=Pgx X ng = 3,25% x 102 = 11379 MIla*
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As can be seen from the table, operating time accumulated damage during the
period of impact life tests 80233 MH* and with the estimated amount of accumulated
damage for the year of operation 11379 MH* answers:

_ YD 80231
D, 11379

= 7,05 (year)
p

The service life of the covered grain hopper wagon model 19-752 after
modernization is 7 years.

Based on the test data, the fatigue resistance safety factors of the wagons
structural elements were calculated. Calculations were carried out according to the
methodology set out in DSTU 7598-2014 “Freight wagons. General requirements for
the calculations and design of new and modernized 1520 mm track wagons (non-self-
propelled), It is assumed that the fatigue curve coefficient 1s m = 0.4, the
concentration coefficient is 4.5, the average value of the endurance limit of the center
and center beams is 210 MPa, the average daily mileage of the wagon is 2 km, design
average speed — 22.4 m/s.

According to the calculation results, the smallest fatigue resistance safety

factor is 1.9 with an acceptable value of 1.5.

CONCLUSIONS ON SECTION 4

General requirements for the mobile system have been formed and implemented
to determine the quality and safety indicators for the movement of freight wagons
with reduced tare in operation. This mobile system allows the running tests to be
carried out without involving a laboratory wagon, which reduces the costs and time
of such tests by 25.8%.
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A method for in-depth processing of the results of rolling stock running tests is
proposed. The essence is to perform a spectral analysis of dynamic processes for
various elements of the load-bearing structures of a freight wagon in order to identify
the relationships between the oscillatory processes of the load-bearing structures and
the frequencies at which the interaction between them occurs. A software algorithm
has been developed for in-depth assessment of experimental indicators of the quality
of movement of lightweight wagons.

Based on the results of practical studies, it was established that a decrease in the
tare weight indicator by more than 10% negatively affects the quality of movement of
such wagons and a speed range of 60-70 km/h was identified, during which a sharp
deterioration in movement dynamics was recorded in a number of experimental
wagons.

A safe scheme for forming trains that include freight wagons with reduced tare is
proposed. The values of compression forces obtained during running dynamic tests
acting on the automatic coupling devices of wagons and reaching or exceeding critical
values in the main and middle parts of the train according to such schemes. It is
advisable to place empty wagons in the last third of the train.

As a result of the control tests of the hopper wagon model 19-752, which was
modernized in accordance with the developed design and technological
documentation, it was established that:

- stresses in the supporting structures of the wagon do not exceed permissible
values (DSTU 7598-2014 “Freight wagons. General requirements for the
calculations and design of new and modernized 1520 mm gauge wagons (non-self-
propelled);

-No damage was detected in the area of modernization of the wagon frame in
the form of deformations, cracks, breaks in the base metal and welds.

- During resource tests, 582 582 co-impacts with a force from 1 to 3.5 MN and

more were made, which corresponds to a service life of 7 years.
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SECTION 5§
SYSTEM FOR MEASURING THE INTERACTION FORCES OF WHEELS
AND RAILS ACCORDING TO THE CHARACTERISTICS OF THE
STRESSED AND DEFORMED STATE

5.1 Determination of the deformation sensitivity zones

of the wheel disc to force load

The placement of strain gauges on the wheel rims and the methods of their
inclusion in the measuring circuit must be such that, while the circuit is sufficiently
sensitive to the action of the measured force, the influence of a force in another
direction is as small as possible. Therefore, studies to determine the zones on the
surface of the wheel disk, the deformations of which are caused by the action of
purely vertical and horizontal contact forces, are necessary to justify the equipping of
wheel pairs with strain gauge schemes.

To carry out calculations of the stress-strain state of the wheel pair using the
finite element method, 3D models of individual elements of the carriage wheel pair
and P65 type rails were created, from which a general 3D model of the wheel pair
installed on the rails was compiled (Fig. 5.1).

The deformation sensitivity zones of the wheel disk were determined based on
the following design cases of wheel pair load:

- vertical load;

- load by vertical forces and forces from the action of the tare system (horizontal
load).

199



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

Figure 5.1 — 3D model of a wheelset

Vertical loading was specified based on the wagons mass of 52 tons. The side
loading scheme simulated the application of horizontally directed forces from the
loading device to the outer edge of the wheel above the contact with the rack. In the
calculations, the magnitude of the lateral force was set at 50 kN.

Figure 5.2 shows the distribution of surface stresses of the wheel under vertical
load (Fig. 5.2a) and the simultaneous action of vertical and lateral forces (Fig. 5.2b).
As you can see, the greatest stresses in the wheel disk under vertical load occur in the
zone of transition of the disk to the rim (zone I), as well as in the place adjacent to the
hub (zone III). Under lateral load, near the zone adjacent to the hub, deformations
spread to the middle part of the disk (zone IT).

Thus, according to the results of calculations of the stress-strain state of the
wheel disk, zone III turned out to be the most sensitive in terms of deformations to
both vertical and lateral loads. Therefore, to measure lateral loads, zone II should be
selected, which is practically sensitive only to lateral forces, and for measuring

vertical loads, zone I should be selected.
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SY (NiTm"2 (MPa))

Sensitive areas to vertical load

S¥ (N2 (vPa))

Sensitive areas to lateral load during
calibration

b)
Figure 5.2 — Diagrams of normal radial stress in a wheel disk under

vertical (a) and combined (b) loads
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5.1.1 Experimental determination of surface stresses of a wheel disk under the
action of tare loads

The placement of strain gauges on the wheel pair disk and the methods of their
inclusion in the measuring circuit must be such that, if the circuit is sufficiently
sensitive to the measured force, the influence of a force of another direction on the
circuit is excluded. Thus, in order to separately record the forces acting on the wheel
pair, it 1s necessary to determine the placement of strain gauges, each of
whichsensitiveonly up tostrength, acting in onedirection.

To clarify locations on the wheel rimpoints of sensitive areas to vertical and
lateral loadsrelevant experimental studies were carried out. According to the scheme,
strain gauges were placed on the wheel disk in the radial direction with a step
commensurate with the base of the strain gauge. WITHThe diagram for placing strain
gauges on the wheel disk is shown in Figure 5.3, and the coordinates of their location
are in Figure 5.4.A total of 20 strain gauges were installed along the diametrical

direction of the wheel (Fig. 5.5).

Figure 5.3 — Layout of strain gauges on the wheel of the measuring wheelset
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Figure 5.5— Placement of strain gauges on the inner surface of the wheel disk
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The vertical loading of the wheel was created by the weight of the wagon body.

Figure 5.6 shows the distribution of stresses from vertical loading of the wheel,

measured three times at the locations of each strain gauge. Apparently, in this case,

the greatest stresses occur at points 9 and 12. These points are located symmetrically

relative to the center of the wheel. Areas near points 3, 4 and 17 are insensitive to

vertical load.
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Figure 5.6 — Stress distribution on the wheel disk under vertical load

To load wheel pairs with horizontal transverse forces, a tare device is used.

The results of stress measurements when loading a wheel by lateral forces are

presented in Figure 5.7. Here the stress distribution graphs correspond to power-law

force values. Just as with a vertical load, in this case points 9 and 12 turned out to be

the most sensitive. Point 3 and the zone between points 19 and 20 are insensitive to

the action of lateral forces.
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Figure 5.7 — Stress distribution on the wheel disk under horizontal load
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The experimental data obtained make it possible to identify the zones of greatest
stress that arise on the wheel disk under the action of lateral (horizontal) and vertical
loads. Experimental data, taking into account the results of computer modeling of the
wheel load, provide grounds for the development of a refined strain gauge scheme for

direct measurements of the interaction forces between wheels and rails.

Table 5.1 — Stress value on the wheel disk under horizontal load

No. Strain gauge readings, MPa
tensorezist
or 0 lts 2ts 3ts 4 ts 5ts 6 ts
1 0 -0.35 -0.73 -1.10 -1.52 -1.95 -2.37
2 0 -0.15 -0.27 -0.43 -0.58 -0.76 -0.94
3 0 0.01 -0.01 -0.06 -0.09 -0.09 -0.09
4 0 0.10 0.20 0.28 0.40 0.50 0.61
5 0 0.19 0.37 0.56 0.75 0.93 1.12
6 0 0.34 0.57 0.91 1.16 1.49 1.79
7 0 0.36 0.75 1.09 1.52 1.92 2.34
8 0 0.49 1.02 1.48 2.04 2.57 3.10
9 0 0.73 1.48 222 2.97 3.72 4.47
10 0 0.60 1:35 1.91 2.66 3.40 4.07
11 0 -1.51 -3.19 -4.87 -6.67 -8.42 -10.14
12 0 -1.57 -3.26 -4.82 -6.62 -8.40 -10.13
13 0 -1.15 -2.42 -3.62 -4.98 -6.33 -7.62
14 0 -1.03 -2.15 -3.27 -4.42 -5.66 -6.81
15 0 -0.85 -1.83 -2.73 -3.82 -4.79 -5.80
16 0 -0.73 -1.53 -2.29 -3.14 -3.98 -4.80
17 0 -0.57 -1.30 -1.87 -2.61 -3.34 -4.01
18 0 -0.54 -1.09 -1.58 -2.18 -2.77 -3.33
19 0 -0.23 -0.52 -0.72 -1.07 -1.33 -1.65
20 0 0.38 0.77 1.11 1.50 1.84 2.11
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Table 5.2 — Stress value on the wheel disk under vertical load

No. Strain gauge readings, MPa
tensorezist
or 6ts Sts 4 ts 3ts 2ts Its 0
| -2.20 -1.87 -1.53 -1.12 -0.75 -0.38 0
2 -0.84 -0.69 -0.65 -0.46 -0.27 -0.13 0
3 -0.01 -0.01 -0.01 0.00 0.00 -0.01 0
4 0.71 0.58 0.48 0.37 0.25 0.13 0
5 1.12 0.93 0.75 0.57 0.38 0.19 0
6 1.69 1:40 1:20 0.85 0.65 0.28 0
7 2.29 1.92 1.60 1.23 0.85 0.44 0
8 3.06 2.55 2.17 1.61 1.10 0.57 0
9 4:30 3.61 3.09 2.24 1.50 0.75 0
10 4.03 3:35 2.81 2.07 1.49 0.74 0
11 -9.93 -8.40 -7.09 -5.22 -3.55 -1.86 0
12 -9.89 -8.25 -6.97 -5.12 -3.55 -1.74 0
13 -7.51 -6.29 -5.34 -3.92 -2.69 -1.37 0
14 -6.68 -5.56 -4.78 -3.50 -2.38 -1.26 0
15 -5.71 -4.79 -4.10 -2.98 -2.05 -1.08 0
16 -4.60 -3.85 -3.28 -2.40 -1.64 -0.84 0
17 -3.82 -3.18 -2.72 -2.02 -1.32 -0.71 0
18 -3.17 -2.61 -2.25 -1.68 -1.12 -0.56 0
19 -1.49 -1.28 -1.12 -0.78 -0.56 -0.30 0
20 2.28 1.89 1.56 1.15 0.77 0.40 0

5.1.2 TTechnological implementation of a method for directly measuring the
forces of interaction between wheels and rails

Based on the results of theoretical and experimental studies and analysis of
existing systems for measuring forces acting on the running parts of rolling stock, it is
recommended to measure contact forces using wheel deformations. In this case, strain

gauges are installed on the inner surface of the disk.
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The conducted studies have shown that the development of systems for directly
measuring the forces of interaction between wheels and rails is based on the use of
technologies that allow the installation of wheel sets of arbitrary configurations
without interfering with the design and using wireless transmission of signals from
strain gauge circuits.

The principal advantage of this method is that it makes it possible to measure the
Y and Q forces continuously and close to the wheel-rack interface. It is also possible
to measure high-frequency force processes. The measurement accuracy can be quite
high (within 5-10%).

Based on the calculations and experimental data to determine the zones of
deformation sensitivity of a standard carriage wheel disk to vertical and lateral loads,
a layout of strain gauges for determining the contact forces of interaction between
wheels and rails, shown in Figure 5.8, is recommended. Here, points 1-1', 5-5', 9-9'
indicate the places where the greatest stresses arise. To measure lateral forces, points
2-2', 6-6', 10-10" are allocated, and for vertical forces - 3-3', 7-7', 11-11'. Measuring
deformations at points 4-4', 8-8', 12-12' is intended to determine the instantaneous
position of the wheel when the wagonis moving. The indicated points are located in
the diametric directions A-A', B-B', C-C'. Corresponding strain gauge circuits are

installed from strain gauges installed at certain points.

207



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

Figure 5.8 — Recommended arrangement of strain gauges on the

surface of the wheel disk

Points 1-1%*, 5-5*, 9-9* indicate the places where the greatest stresses occur.
Points 2-2%*, 6-6*, 10-10* are selected for measuring lateral forces, and 3-3%*, 7-7*,
11-11* for vertical ones. Measurement of deformations at points 4-4*, 8-8*, 12-12*
1s intended to determine the momentary position of the wheel during the carriage
movement.

To achieve accurate and reliable measurements, considerable care is required
when installing the strain gauge circuits on the wheels of the measuring wheelset.
Since the wheel set must operate under conditions of a wide range of dynamic loads,
high humidity and significant temperature fluctuations, protection from water, oil and

vibration is used to ensure reliable operation of the measuring circuits.
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5.2 Theoretical studies of wheels dynamic loading of passenger

wagons at high speeds

To assess the dynamic load of the wheels of a passenger wagon, a computer
model of the dynamics of a passenger wagon was created.

Using the developed computer model of the dynamics of a passenger wagon,
calculations were made to determine the forces of interaction between wheels and
rails in terms of the level and nature of the change over time. The movement of a
wagon along a straight track is considered with real inequalities at speeds of 36, 72,
108, 144 and 180 km/h.

Figures 5.9 — 5.24 show the obtained implementations of changes in time
(oscillograms) of transverse horizontal (Fy 11) and vertical (Fz_11) interaction forces

at a speed of V = 108 km/h.

. ;
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Figure 5.9 - Force oscillogram Fy 11 (left wheel of the first wheelset)
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Figure 5.10 — Oscillogram of force Fz 11 (left wheel of the first wheelset)
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Figure 5.11 — Force oscillogram Fy 1r (right wheel of the first wheel pair)
210



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

0.08 01 0.12 014 0.16 0.18 0z 0.z2 024 0.26

Figure 5.12 — Oscillogram of force Fz 1r (right wheel of the first wheel pair)

z
T

Figure 5.13 — Force oscillogram Fy 21 (left wheel of the second wheelset)
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Figure 5.14 — Oscillogram of force Fz 21 (left wheel of the second wheelset)

105, Fy, Hi

Figure 5.15 — Force oscillogram Fy 2r (right wheel of the second wheel pair)
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Figure 5.17 — Oscillogram of force Fy 31 (left wheel of the third wheel set)
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Figure 5.18 — Oscillogram of forces Fz 31 (left wheel of the third wheel set)

Figure 5.19 — Force oscillogram Fy 3r (left wheel of the third wheel set)
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Figure 5.20 — Oscillogram of force Fz 3r (right wheel of the third wheel set)
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Figure 5.21 — Oscillogram of force Fy 4l (left wheel of the fourth wheel set)
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Figure 5.22 — Oscillogram of force Fz_41 (left wheel of the fourth wheel set)
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Figure 5.23 — Force oscillogram Fy 4r (right wheel of the fourth wheel set)
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Figure 5.24 — Oscillogram of force Fz_4r (right wheel of the fourth wheel set)

Implementations similar to those given above were subjected to statistical

processing. The results of statistical processing are summarized in tables 5.3 and 5.4.
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Table 5.3 - Statistical characteristics of the transverse forces of interaction

between wheels and rails

Standard deviations, kN
Mathematical hope, kN
Pair of wheels | Wheel | Output ID
Travel speed, km/h
36 72 | 108 | 144 180
493 | 575 | 844 | 17.15 | 19.58
Lev Fy 11
-3.4 |-3.97|-5.08| -8.56 | -9.18
CP No. 1
481 | 598 | 871 | 17.94 | 19.75
Right | Fy Ir
342 1397 | 5.04 | 880 | 9.22
3.24 | 451 | 7.87 | 19.38 | 22.87
Lev Fy 21
-2.34|-3.18 | -4.29 | -9.60 | -11.47
CP No. 2
3.17 | 491 | 8.23 | 19.94 | 23.02
Right | Fy 2r
234 | 320 | 426 | 9.67 | 11.37
487 | 5.16 | 931 | 17.85 | 1947
Lev Fy 31
B -3.20|-3.63 | -5.23 | -8.99 | -8.89
CP No. 3
4.69 | 5.18 | 9.21 | 18.21 | 19.06
Right | Fy 3r
3.17 | 3.66 | 5.23 | 9.14 | 8.90
3.23 | 3.84 | 8.57 | 20.17 | 22.45
Lev Fy 41
- -2.25|-2.83 | -4.40 | -10.15 | -10.76
CP No. 4
3.14 | 412 | 8.72 | 20.26 | 22.10
Right | Fy 4r
2.30 | 2.80 | 4.45 | 10.18 | 10.60
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Table 5.4 - Statistical characteristics of vertical forces of interaction between

wheels and rails

Standard deviations, kN
Pair of Mathematical hope, kN
Wheel Output ID
wheels Travel speed, km/h
36 72 108 144 180
523 | 543 | 796 | 10.01 | 15.50
Lev Fz 11
72.45 | 72.51 | 72.53 | 72.49 | 72.58
CP No. 1
537 | 5.86 | 7.70 | 10.52 | 15.45
Right Fz 1Ir
72.68 | 72.64 | 72.58 | 72.75 | 72.68
425 | 452 | 7.78 | 11.45 | 17.43
Lev Fz 21
72.58 | 72.54 | 72.54 | 72.55 | 72.56
CP No. 2
428 | 499 | 7.87 | 12.08 | 17.57
Right Fz 2r
72.59 | 72.62 | 72.59 | 72.64 | 72.55
511 | 466 | 636 | 9.86 | 15.04
Lev Fz 31
B 72.48 | 7248 | 72.53 | 72.52 | 72.51
CP No. 3
520 | 499 | 6.25 | 10.32 | 15.42
Right Fz 3r
72.64 | 72.65| 72.62 | 72.63 | 72.66
418 | 492 | 6.66 | 11.27 | 16.61
Lev Fz 41
B 72.45 | 72.54 | 72.53 | 72.53 | 72.52
CP No. 4
431 | 525 | 692 | 1192 | 17.40
Right Fz 4r
7271 | 72.60 | 72.67 | 72.55 | 72.54

Maximum values of the studied quantities x,,are determined by the
expression:

X .= X tk¥*s,
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where x - expected value; s — standard deviation; k — coefficient depending on the

specified confidence level. For the magnitudes of interaction forces between wheels

and rails, which are important for assessing traffic safety, £ = 3.

Tables 5.5 and 5.6 show the maximum values of the interaction forces between

wheels and rails.

Table 5.5 — Maximum values of forces acting in the “wheel-rack” contact in

the transverse direction

Maximum force value kN
Pair of wheels | Wheel | Output ID
air of wheels ee utpu Travel speed.,
36 72 108 144 180
Lev Fy 11 18.19({21.22] 304 |60.01 |67.92
CP No. 1
Right Fy 1Ir 17.85{21.91|31.17]62.62|68.47
Lev Fy 21 1206 16.71 | 27.9 | 67.74 | 80.08
CP No. 2
Right Fy 2r 11.85{17.93]28.95]169.49 | 80.43
Lev Fy 31 17.81(19.11]33.1662.54| 67.3
CP No. 3
Right Fy 3r 1724 | 19.2 |32.86|63.77 | 66.08
Lev Fy 41 11.94|14.35(30.11]70.66|78.11
CP No. 4
Right Fy 4r 11.72 | 15.16 [ 30.61 | 70.96 | 76.9
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Table 5.6 — Maximum values of forces acting in the “wheel-rack™ contact in

the vertical direction

Maximum force value kN
Pair of wheels | Wheel | Output ID
it OF Wheess cc e Travel speed, km/h
36 72 108 144 180

Lev Fz 11 88.14 | 88.8 [ 96.41 | 102.52 | 119.08

CP No. 1
Right Fz 1Ir 88.79 [ 90.22 | 95.68 | 104.31 | 119.03
Lev Fz 21 8533 | 86.1 [ 95.88 | 106.9 | 124.85

CP No. 2
Right Fz 2r 8543 | 87.59 | 96.2 | 108.88 | 125.26
Lev Fz 31 87.81 | 86.46 | 91.61 | 102.1 | 117.63

CP No. 3
Right Fz 3r 88.24 | 87.62 | 91.37 [ 103.59 | 118.92
Lev Fz 41 8499 | 87.3 | 92.51 | 106.34 | 122.35

No. 4

Right Fz 4r 85.64 | 88.35 (93.43 | 108.31 | 124.74

As can be seen from the data in Table 5.5, the level of horizontal forces of
interaction between wheels and rails increases with increasing speed. At the same
time, as V increases to 144 km/h, the values of horizontal forces approach the value
of static overload from the wheel to the rail, and at V = 180 km/h the forces from the
wheels of the second and fourth wheel pairs exceed this value.

The data in Table 5.6 shows that the dynamic additions of vertical forces of
interaction between wheels and rails at V = 108 km/h amount to 30% of the static

load, at V = 144 km/h — 50%, and at V = 180 km/h they reach 75%.
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5.2.1 Calculations of the stress-strain state of wheels with determination of
zones of sensitivity to the action of contact forces for the placement of strain gauges.

One of the important aspects in the system of direct measurement of contact
interaction forces between wheels and rails is the determination of zones of
deformation sensitivity of wheel disks from the action of vertical and lateral forces.
From certain zones, it is important to localize such deformations in which they were a
consequence of the action of forces in one direction.

To determine these zones, a finite element calculation was performed for three
design schemes:

- vertical load of the wheel pair;

- loading by vertical forces and forces from the action of the loading system,;

- loading of the wheel pair by vertical and horizontal forces when passing
curved sections of the track.

Below are the results of calculations of the SSS characteristics for given wheel
pair loading schemes.

Vertical load. Based on the research objective, in order to ensure greater clarity
of the results, the maximum value in the diagram legend was reduced to 10 MPa,
since these are the stresses that arise on the wheel disk.

Figure 5.25 shows the distribution of design stresses in the wheel pair elements
under the action of a vertical load. Apparently, the greatest stresses arise in the wheel
disk at the point of transition of the disk to the hub part of the wheel and amount to
7.78 MPa, as well as in the fillet transition between the neck and the pre-wrap part -

46 MPa.
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Figure 5.25 — Diagram of equivalent stresses, occurring in a wheel pair under vertical

load

Figure 5.26 — Chart of wheel surface  Figure 5.27 The graph of the surface

stresses under vertical load. stresses of the wheel under vertical
load and under the simultaneous

action of vertical and lateral forces.
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The results of the calculation of the distribution of surface stresses of the wheel
under vertical load (Fig. 5.26) and simultaneous action of vertical and lateral forces
(Fig. 5.27) are presented. As can be seen, the greatest stresses in the wheel disc under
vertical load occur in the transition zone of the disc to the rim (zone I), as well as in
the place adjacent to the hub (zone III). In the case of lateral loading, deformations
spread to the middle part of the disk (zone II) near the area of attachment to the hub.

Thus, according to the results of VAT calculations of the wheel disc, zone 11
was the most sensitive in terms of deformations to both vertical and lateral loads.
Therefore, for lateral load measurement, zone II should be chosen, which is
practically sensitive only to lateral forces, and zone I should be chosen for vertical

load measurement.

5.3 Practical study of the direct measurement method of the interaction forces of
the wheels with rails

Experiments on direct measurement of forces in the wheel-rack system were
carried out on the wheel pair of a bogie of the KVN-TsNII-M type of a gauge-

measuring wagon equipped on the basis of a passenger wagon (Fig. 5.28).
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Figure 5.28 — Bogie type KVN-TsNII-M with experimental PKP

Experimental tests were carried out on the section of the track between the
Kyiv-Pasazhyrsky and Kyiv-Volynsky stations (Figure 5.29). The position of the
wagon on the site and the speed of movement were determined using GPS-Logger.

GPS polling was carried out once per second.
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Figure 5.29 — Satellite view of the area where the experimental studies took place

On the wheel of the specified bogie, according to the diagram (Fig. 5.30),
markings and installation of strain gauges were carried out. After installing the strain
gauges on the wheel disk, the measuring circuits were installed and protected from
external influences. Measuring equipment and batteries were installed on the
wheelset axle using special fasteners.

To establish the relationship between the readings of the strain gauge circuits

and the load in the vertical direction, the measuring system was calibrated.
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Figure 5.30 — Installation of measuring circuits

The lateral load of the wheel pair was carried out using a hydraulic jack and a

tipping device (Fig. 5.32).

4. e R =

Figure 5.32 — Taring with horizontal load
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The position of the wagon on the site and the speed of movement were
determined using GPS-Logger. GPS polling was carried out once per second.

Registration of strain gauge data was carried out using a software and hardware
complex consisting of hardware based on the NI cRIO 9012 controller, an eight-day
NI cRIO 9104 chassis with NI9237 modules and a software-virtual recorder
developed in the LabView 8.6 software shell.

The software of the complex performs the following functions:

- configuration of measuring channels;

- selection of strain gauge connection diagram;

- autonomous recording of signals to an internal FLASH drive;

- writing data to a text file (for subsequent processing).

The signals were recorded onto a local FLASH drive. Figures 5.33 and 5.34

show a complete record of the forces that arose during the test trip.

BeprukanbHe HaBaHTaMEHHA, T.

Figure 5.33 — Recording vertical forces
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Figure 5.34 — Recording horizontal forces

Figures 5.35 and 5.36 show fragments of recording processes of vertical and

lateral loads at a speed of 36 km/h.
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Figure 5.35 — Fragment of vertical load recording
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Figure 5.36 — Fragment of lateral load recording

Based on the results of calibration, calculations and experimental studies of the
stress-strain state of wheel disks, the actual value of the interaction forces was
determined from the readings of sensors that were in a vertical position relative to the
track plan.

Based on the developed algorithm, the contact forces that arose during the
experimental trip were obtained. Representative parts of records of dynamic
processes at V = 36 km/h were subjected to statistical processing. The results of this
processing are shown in Table 3.1. Here the maximum values of the studied quantity

are determined by the expression:x,,
Xmax = X + ks, (5.1)
Where x— arithmetic mean (mathematical expectation);

s — standard deviation (RMS);

k— coefficient depending on the given confidence level.
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For quantities £ Y and Y/Q, which are important for assessing traffic safety,
k=3, for other calculated values k = 2.2, except for quasi-static ones, for which k=0.
Since the values of contact forces are important for assessing traffic safety, they are

assumed to be equal to three.k

Table 5.7 — Results of statistical processing of contact force values

Estimation of magnitude O, transport Y, transport
SLE 0.47 0.33
Maximum value 9.77 0.99

5.3.1 Determination of interaction forces by computer modeling of the motion
dynamics of a track measuring wagon

Computer model of the dynamics of a passenger wagon, on the basis of which
the wheel gauge is equipped, developed in the "Universal Mechanism" software
package. The dynamic model of the wagon is represented by a spatial system of rigid
bodies connected by elastic and dissipative elements. To develop graphic images of
the wagons structural elements, 3D models of them were developed using the
Compass package.

The wagons motion dynamics model was developed taking into account its
design features and is a system composed of 41 rigid bodies, 24 linear, four contact,
20 bipolar and four special force elements simulating dry friction units. The
hierarchical structure of the model made it possible to significantly simplify the
process of its creation and at the same time avoid implicit errors when entering
parameter values due to the use of similar identification of parameters in identical
subsystems. The characteristic features of the model include the accuracy of
conveying the geometry of the design of their analogues and advanced
parameterization and identification of system elements.

The general model of the dynamics of a passenger wagon in structure (Fig.

3.37) consists of a body (K), two bolsters (NB) with boiler side (K) and non-boiler
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side (NK) and two bogie subsystems - “Boiler side bogie” and “Non-boiler side
bogie” sides." In turn, these subsystems include separate bodies of the bogie frame
(RB), elements of the central cradle suspension (CLS) and the brake linkage (GVS),
elastic-dissipative elements (EDE), as well as two subsystems of wheel pairs (WPS)
with axle boxes. nodes (BV). The connections between the bodies are modeled by the

corresponding force elements.

System "Passenger Wagon"

| K+NB(K)+NB(NK)

- Non-boiler side bogie Boiler side bogie I
I subsystem [ 2subsystem | |
|| Ro+TsLP+DHW+PDE | ||

il RO+TsLP+DHW+PDE

|

| .
I ’—l—l—subsﬂrstem | | 1 subsyrsrem—l—l I I

| |:

I I KPI1+BV KP2+BV l KP3+BV KP4+BV

Figure 5.37 — Subsystems of a computer model of a passenger wagon:
K —body; RK — body frame; NB(K), NB(NK) — bolster of the boiler and non-
boiler sides of the wagon, respectively; RO — bogie frame;
TsLP — central tube suspension; DHW — brake lever suspension;
PDE - elastic-dissipative elements; KP1,2,3,4 — wheel pairs;

BV — axle box units

Using the developed computer model of wagon dynamics, calculations were
made to determine the forces of interaction between wheels and rails based on the
level and nature of the change over time. The movement of a wagon along a straight
track with real irregularities at speeds of 36, 72, 108, 144 and 180 km/h is considered.
All obtained implementations were subjected to statistical processing. The processing

results are summarized in Tables 5.8 and 5.9, where the numerator shows the values
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of the hard currency coefficient, and the denominator shows the mathematical

expectations.

Figures 5.38 and 5.39 show graphs of the dependence of the standard

deviations (RMS) of the interaction forces between wheels and rails (Yi 1 Qi) on the

speed of the wagon, constructed according to data from tables 5.8 and 5.9. Numbers

1...8 indicate wheel numbers.

Table 5.8 — Statistical characteristics of forces Y; in kN

Travel speed, km/h

Pair of wheels Wheel 36 D 108 144 130
Lo | 493575 [ 844 | 1705 | 1958

P No. 1 34 | 397 | 508 | 856 | -9.18
Right |41 | 598 | 871 | 1794 | 1975

342 | 397 | 504 | 880 9.22

Loy | 324 | 451 | 787 | 1938 | 2287
234 | 318 | 429 | 960 | -11.47

P No.2 Right |17 | 491 | 823 [ 19.94 [ 23,02
234 | 320 | 426 | 967 | 1137

Low | 487 [ 516 [ 931 | 1785 | 1947

P No. 3 3320 | 3.63 | -523 | 899 | -8.89
Right |46 | 518 [ 921 [ 1821 | 19.06

317 | 3.66 | 523 | 9.14 8.90

Loy 323 [ 384 | 857 | 2007 | 2245
P No. 4 225 | -2.83 | 440 | -10.15 | -10.76
Rioh |14 | 412 | 872 | 2026 | 2210
‘& 230 | 2.80 | 445 | 10.18 | 10.60
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Figure 5.38 — SCR of horizontal interaction forces

Table 5.9 — Statistical properties of forces Qi in kN

Pair of Travel speed, km/h

wheels Wheel 36 72 108 144 180
Lev 5.23 5.43 7.96 10.01 15.50
CP No. 1 72.45 72.51 72.53 72.49 72.58
Right 5.37 5.86 7.70 10.52 15.45
72.68 72.64 72.58 72.75 72.68
Lev 4.25 4.52 7.78 11.45 17.43
CP No. 2 72.58 72.54 72.54 72.55 72.56
Right 4.28 4.99 7.87 12.08 17.57
72.59 72.62 72.59 72.64 72.55
Lev 5.11 4.66 6.36 9.86 15.04

CP No. 3 72.48 72.48 72.53 72.52 72.51
Right 5.20 4.99 6.25 10.32 15.42
72.64 72.65 72.62 72.63 72.66

Lev 4.18 4.92 6.66 11.27 16.61
CP No. 4 72.45 72.54 72.53 72.53 72.52
Right 431 5.25 6.92 11.92 17.40
72.71 72.60 72.67 72.55 72.54
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Figure 5.39 — SCR of vertical interaction forces

From the calculated data it follows that the SCR of horizontal forces
intensively increases in the speed range of 108-144 km/h (Fig. 5.38), while the SCR
of vertical forces (Fig. 5.39) smoothly increases with increasing speed of the wagon.

From a comparison of the SCR values obtained by computer modeling (Tables
5.8 and 5.9) and experiment (Table 5.7), it follows that the discrepancy for lateral
load 1s 0.22%, and for vertical load — 9.34%. Thus, these data confirm, on the one
hand, the reliability of the developed computer model, and on the other, the
effectiveness of the proposed method for directly measuring the contact forces of
interaction between wheels and rails.

Tables 5.10 and 5.11 show the maximum values of the interaction forces

between wheels and rails, determined by expression (5.1).
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Pair of wheels

Wheel

Travel speed, km/h

36 72 108 144 180
Lev 18.19 | 21.22 30.4 60.01 | 67.92

CP No. 1
Right 17.85 | 21.91 | 31.17 | 62.62 | 6847
Lev 12.06 | 16.71 27.9 67.74 | 80.08

CP No. 2
Right 11.85 17.93 | 2895 | 69.49 | 80.43
Lev 17.81 19.11 | 33.16 | 62.54 67.3

CP No. 3
Right 17.24 19.2 32.86 | 63.77 | 66.08
Lev 11.94 | 14.35 | 30.11 | 70.66 | 78.11

CP No. 4
Right 11.72 | 15.16 | 30.61 | 70.96 76.9
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: Travel speed, km/h
Pair of wheels Wheel 36 7 103 144 130
Lev 88.14 88.8 96.41 102.52 119.08
CP No. 1
Right 88.79 | 90.22 | 95.68 104.31 119.03
Lev 85.33 86.1 95.88 106.9 124.85
CP No. 2
Right 85.43 87.59 96.2 108.88 125.26
Lev 87.81 86.46 | 91.61 102.1 117.63
CP No. 3
Right 88.24 | 87.62 | 91.37 103.59 118.92
CP No. 4 Lev 84.99 87.3 92.51 106.34 122.35
Right 85.64 | 88.35 | 9343 108.31 124.74

According to estimates of the maximum values of the studied quantities, it

follows that at v = 144 km/h the horizontal forces approach the value of the static
load from the wheel on the rail (PO = 64, kN), and at v = 180 km/h the forces Y2 and

Y3 (from the wheels) second and fourth wheel pairs) exceed this value. Dynamic

additions of vertical forces of interaction between wheels and rails at v = 108 km/h

amount to 30% of the static load, at v = 144 km/h — 50%, and at v = 180 km/h they

reach 75%.
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5.4 Requirements for the system of direct measurement of

the interaction forces of the wheel pairs with rails

During operation, rolling stock units, like any complex technical systems, are
prone to failures, the reasons for which may be: violation of the manufacturing
technology of individual elements, difficult operating conditions, non-compliance
with the norms of technological processes for loading, unloading and transporting
goods, aging and wear of components. Therefore, an important and urgent task is the
introduction of periodic control tests and dynamic diagnostics of rolling stock units
on the Ukrainian railways throughout their entire life cycle.

Modern trends in the development of measuring technology provide ample
opportunities for the implementation of new instrumental approaches for assessing
dynamic qualities, safety conditions for train traffic and promptly taking measures to
prevent emergency situations. Taking into account the successful experience of
implementing diagnostic systems for the undercarriage of passenger wagons and
locomotives, there is a need to further improve the means and methods for
experimental assessment of driving dynamics and safety indicators throughout the
entire life cycle of rolling stock.

5.4.1 Characteristics and components of the mobile software and hardware
complex

Development of a mobile software and hardware complex(hereinafter PAK)For
control running tests and dynamic diagnostics of rolling stock units, it is based on a
set of requirements formed based on the results of an analysis of the regulatory
framework and modern measuring instruments used on the railways of European
countries.

Mobile system for Determination of the dynamic load of rolling stock chassis

in operation should consist of primary transducers, a global positioning system
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receiver, analog signal transmission lines, subsystems for collecting measurement
information, determination of traffic safety indicators in express processing mode,
determination of the comfort level, determination of ride smoothness, determination
of dynamic stress.

The primary transducers should be strain gauges, low-frequency accelerometers
and displacement sensors. Analog signal transmission lines are cables that provide
connection between primary transducers and recording devices with an operating
voltage of up to 10 V and are components of the measuring system. Cables must be
shielded, resistant to oils, have at least six cores, cable flexibility must correspond to
class 1 or 2 and not change its properties at temperatures from minus 40°C to plus
80°C.

The mobile system must provide the ability to autonomously conduct control
tests of dynamic diagnostics of rolling stock units in order to determine the load of
the running gear, as the main component of checking the quality of capital repairs
(CVR), assessing the residual life of load-bearing structures, and performing control
tests as part of work to extend the assigned period service and determination of the
load of chassis under operating conditions of rolling stock.

During control sea trials, the following quantities are recorded: dynamic
applications of vertical movements occurring in the central and axle box suspension;
vertical and horizontal transverse accelerations of bogie frames and wagonbody;
dynamic application of stresses in dangerous sections of the body frame and bogie
frames under different driving modes.

The mobile system should consist of hardware based on the CompactRIO
platform and software written in the graphical programming language G in the
LabVIEW (Laboratory Virtual Instrumentation Engineering Workbench) software
package from National Instruments (USA). The software consists entirely of the
following subsystems:

a) collecting measurement information;

b) determining the level of comfort;
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¢) determination of smoothness;

d) determination of traffic safety indicators in express processing mode.

5.4.2 Hardware

A mobile system for control road tests and dynamic diagnostics of rolling stock
units based on the National Instruments CompactRIO platform allows you to solve a
wide range of problems related to monitoring the technical condition of vehicles both
under test conditions and in normal operating modes.

The system implements two functional options: assessing strength and safety
indicators in real time, as well as performing measurements of physical quantities
(displacement, acceleration, deformation) in an offline black box mode with
subsequent statistical processing (Fig. 5.40). In addition, to analyze the influence of
movement speed on changes in controlled parameters, obtain precise time signals and
determine current coordinates, data obtained using a GPS receiver module with a

sampling frequency of up to 8 Hz is used.

Figure 5.40 — Using the mobile system in offline mode

The general block diagram of the mobile system is shown in Figure 5.41.
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Figure 5.41 — Block diagram of the mobile system

5.4.3 Primary converters

In order to measure and evaluate the dynamic load of the rolling stock crew, a
low-frequency accelerometer of the experimental type UM was created. In order to
use this accelerometer when measuring accelerations on rolling stock, a cubic-shaped
housing has been developed. The choice of this accelerometer housing design is
determined by its ease of use. An accelerometer has been created - this accelerometer
has dimensions of 35x35x31 mm. It consists of a housing, a cover, a board with a
microcircuit and an electrical connector, as well as fasteners (magnet, bolts, washers,
nuts).

The case has a cutout in which a board with an ADXL 278 chip is placed on one
side and an UZNTs 05-7/12VP111 connector is installed on the other. The cover and
electrical connector are filled with epoxy glue. The general view of the accelerometer

is shown in Figure 5.42.
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Figure 5.42 — Experimental low-frequency accelerometer

The board includes an Analog Devices ADXL 278 microcircuit. The wiring

diagram is shown in Figure 5.43.

Figure 5.43 — Board with ADXL 278 chip
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The manufacture of the board together with the microcircuit was completely
carried out in accordance with the technical requirements of the manufacturer of the
ADXL 278 microcircuit (temperature and soldering profile), defined in the passport.

Table 5.12 shows the general technical requirements for accelerometers that
must be used when conducting running dynamic strength tests to determine the

dynamic load of the chassis under operating conditions of rolling stock.

Table 5.12 — General technical requirements for accelerometers

N Accelerometer Recomme Operating Additional
0. installation area nded frequency requirements
range, range
m/s2 (microcircuit
sensitivity),
Hz
1 | Axle box unit +/- 500 0...100 a) general
(0...250) frequency
2 oy +/- 100 0...100 transmission in the
g:h:;nﬁls_ (0...250) range of 0.4 Hz
susg enlsiong 0.5 dB;
Bogic P b) nonlinearity and
& . +/- 50 0...40 hysteresis: — < 0.3%
with two or -
(0...100) measuring range;
more degrees of O
. c) sensitivity of
suspension _
ordinary axes:
3 | Body +/- 15 0...20 <0.05 (m/s)2;
(0...50) d) temperature
effect:
- for <3% of the

measuring range;
- with sensitivity
<5.10% — 4.0/0C.

The measured accelerations can be used as indicators of the quality of track
geometry and to detect local geometric deviations affecting the dynamic behavior of
rolling stock. These measurements should be used in combination with basic

parameter measurements.
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Acceleration measurements should be made at specific locations on the body
and bogies, depending on the need for a specific assessment. Thus, vertical
accelerations of axle boxes are measured to identify rail surface defects and isolated
geometric irregularities. The lateral accelerations of the bogie serve to detect
irregularities with short waves. Transverse and vertical accelerations of the body
reveal track defects that affect the dynamic characteristics of comfort.

The sampling frequency must be at least 2.5 times the cutoff frequency applied
to the signal. Measurement of bogie and body accelerations should be carried out in
the operating speed range for the line within a tolerance of +/-10%.

In order to measure movements and evaluate dynamic qualities, cable
displacement sensors are used (Fig. 5.44). Rope sensors measure linear movement
using a steel cable. In this case, the cable drum is connected to a sensitive element,
which converts the movement of the cable into a linear output signal. The

measurement is carried out with high accuracy and dynamics.

Figure 5.44 — Cable-type displacement sensors

Based on the comparative characteristics of the static deflections of bogies of
four types Y-32, GP-200, KVN TsNII, 68-7007, displacement sensors with the
following measurement ranges were determined to be optimal: 300 mm for
measuring displacements in the primary suspension stage, 625 mm for the secondary

stage.
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CONCLUSIONS ON SECTION 5

A new method for measuring contact forces has been proposed: through the
deformation of the wheel disks of wheelsets, its high efficiency and promise have
been confirmed through experimental and theoretical studies.

Technical proposals and recommendations have been developed for the method
of directly measuring the forces of interaction between wheels and rails:

- based on the results of modeling and experiment, a scheme for placing strain
gauges on the inner surface of the wheel disk was developed. This scheme includes
points that are most sensitive to vertical and lateral loads; recommended connection
diagrams for strain gauges;

- technical proposals were provided for installing strain gauges on the surface of
the wheel disk and mounting measuring equipment on the wheel pair;

- recommendations and technical proposals for carrying out tare work were
provided: for tare in the vertical direction it was recommended to use the wheel-by-
wheel weighing technique, and for tare in the horizontal direction a set of equipment
was proposed that ensures the load of the wheel.

General recommendations have been developed for recording and filtering
parameters, statistical processing of measured values (¥, Q) and calculated values
(2Y2m, Y/Q2m).

The proposed method for measuring contact forces allows you to directly
measure contact forces, thereby assessing real traffic safety indicators for a given
type of rolling stock, in contrast to the existing methodology: measurement by
deformations of bogie frames, which gives only an indirect assessment and does not

apply to the traffic conditions of passenger trains above 140 km/h.
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SECTION 6
MOBILE SYSTEM FOR DETERMINING THE DYNAMIC LOAD OF THE
ROLLING PARTS OF THE ROLLING STOCK IN OPERATION

6.1 General requirements for software and hardware complex

A mobile system for determining the dynamic load of rolling stock
undercarriages in operation must consist of primary transducers, a global positioning
system receiver, analog signal transmission lines, subsystems for collecting
measurement information, determining traffic safety indicators in express processing
mode, determining the level of comfort, and determining the smoothness of the ride. ,
determination of dynamic stresses

The primary transducers should be strain gauges, low-frequency accelerometers
and displacement sensors. Analog signal transmission lines are cables that provide
connection between primary transducers and recording devices with an operating
voltage of up to 10 V and are components of the measuring system. Cables must be
shielded, resistant to oils, have at least six cores, cable flexibility must correspond to
class 1 or 2 and not change its properties at temperatures from minus 40°C to plus
80°C.

The mobile system must provide the ability to autonomously carry out control
tests of dynamic diagnostics of rolling stock units in order to determine the load of
the running gear, as the main component of checking the quality of capital repairs,
assessing the residual life of load-bearing structures, performing control tests as part
of work to extend the designated service life and determining loads of chassis under

operating conditions of rolling stock.
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6.2 Measurement information collection subsystem

The measurement information collection subsystem collects, stores and
visualizes changes in information signals from displacement sensors, vibration
accelerations and mechanical deformations. In addition, GPS receiver data is used to
analyze the influence of movement speed on changes in controlled parameters, obtain
precise time signals and determine current coordinates. The generalized structure of

the measurement information subsystem is shown in Figure 6.1.
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Figure 6.1 — Software structure

The developed acquisition subsystem provides operation of a CompactRIO
controller with an 8-module chassis with a built-in programmable logic integrated
circuit (FPGA) and two universal 9205 ADC modules with a maximum sampling
frequency of 250 kHz and

five 9237 strain gauge modules with a maximum frequency of 50 kHz per

channel, a GPS signal receiver module.
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Thanks to the built-in FPGA, CompactRIO has the ability to implement
measurement data processing algorithms at the hardware level with a deterministic
execution time of 25 ns without transferring the load to the controller's central
processor. A typical CompactRIO device includes a controller running a PharLab or
VxWorks real-time operating system, a chassis, and I/O modules. The chassis carries
an FPGA core that is directly connected to universal or specialized input/output
modules that have built-in means for matching and processing information signals.
There are different chassis models that have different numbers of slots for modules
and differ in the characteristics of FPGA chips.

Thanks to its autonomy, hardware and weight-size characteristics, as well as the
ability to operate in adverse conditions, CompactRIO can be used to solve a wide
range of problems in collecting measurement information and controlling processes.

Most software for CompactRIO 1s developed according to a scheme that
provides for its conditional division into three levels: the HOST VI virtual instrument
on a control PC running Windows OS, RT VI on a controller with a real-time OS,
and FPGA VI on an FPGA that does not have its own OS, since the logic The
program's operation was implemented directly at the hardware level. Each of the
presented levels has its own specific functionality and implements individual
functions of the system as a whole.

Common tasks performed using HOST VI on a Windows computer:

- saving data on a computer and accessing databases;

- integration with external information systems;

- interface organization.

Typical tasks performed in RT VI on a real-time controller:

- data processing;

- management;

- saving data in the built-in memory of the controller and external media.

Typical tasks performed in FPGA VI on FPGA:

- input-output operations;
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- hardware clocking and control of the process of interaction with equipment;

- low-level processing of measuring signals.

An FPGA is a chip whose functionality is determined by programming or
"configuration", which is the more common term when working with this class of
integrated circuits. The LabView FPGA Module package is an addition to the
LabView software environment that allows you to specify the logical operation of the
FPGA as a regular virtual device instead of programming using a specialized VHDL
language. This package allows you to create programs with synchronous and
asynchronous parallel loops running in hardware, and provides time-deterministic
data collection and analysis.

The LabVIEW FPGA Module software package completely takes care of the
multi-step process of converting a virtual device into FPGA binary code. At the first
stage, the virtual device is converted into text code in the VHDL language, after
which it is compiled into binary form by the standard industrial compiler Xilinx ISE.
During the compilation process, the code 1s optimized for execution speed and the
number of logic gates involved.

The result of compilation is a binary file (bitstream file) that completely defines
the FPGA configuration. When the program starts, the binary file is loaded onto the
chassis, that is, the FPGA configuration process occurs. The binary file can be written
to the built-in flash memory and automatically loaded when the system is turned on.
The configuration is not saved when the power is turned off, so the binary file must
be downloaded again when power is turned on again. With appropriate configuration
settings, it can be loaded automatically from the flash memory of the FPGA device or
by a program using the controller.

FPGA VI virtual instruments can be produced completely, independently of
other system components, and remain operational even if the controller fails.
Moreover, a buffer can be organized on the FPGA to prevent data loss in such a

situation.
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The FPGA is designed primarily for clocking, synchronization, control, data
acquisition and preliminary digital processing of information signals, control of each
input/output module.

A virtual device for a CompactRIO controller typically includes two or more
loops: a critical priority loop, which implements control and data processing
algorithms, and a normal priority loop, which is responsible for data safety, a remote
web interface, and communication over an Ethernet network or RS bus. 232.

The CompactRIO platform provides three paths to elevate data from modules to
the real-time controller level: through front panel elements, through a mechanism
known in LabView as Local Variables, and through a DMA FIFO buffer. The first
two approaches are relatively simple in terms of implementation, but suboptimal in
terms of efficiency. At the same time, the DMA FIFO method allows you to receive
data obtained at high sampling rates from a large number of modules without delay.
One of the advantages of DMA mode is that data transfer occurs regardless of the
central processor.

FPGA devices that support DMA FIFO buffers have direct memory access,
unlike other methods that require the CPU. Direct memory access is implemented by
capturing the PCI bus (bus mastering) by the FPGA device, in which it gains access
to bus control, and therefore access to memory, bypassing the processor.

The DMA FIFO buffer consists of two sections: one part is located in the FPGA
memory, the other in the controller memory. The FPGA can write or read from the
buffer element by element using the FIFO Read and FIFO Write methods, and the
controller can write or read samples of elements. The two parts of the buffer are
connected using a hardware-software DMA controller. Thus, from a software point of
view, they look like a single FIFO buffer.

The FPGA VI virtual device, located on the FPGA, implements the functionality
of initialization, clocking, polling of data acquisition modules and subsequent loading
of the received samples into the DMA FIFO buffer. To ensure a deterministic
sequence of command execution, the programming language structure in LabView
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Flat Sequence Structure is used, which contains elements for polling modules and
writing to a buffer.

The DMA FIFO buffer is cyclically polled at intervals set by a timer at the real-
time controller level, after which the samples obtained in the form of integers
according to the dynamic range and bit capacity of the acquisition module are
normalized by the values of acceleration and deformation. The received data is fed to
a virtual device, which processes and stores it on an external drive connected via a
USB bus.

CompactRIO controllers have a built-in USB 2.0 controller, but not all drives
support this standard, which can lead to significant write delays, which, in turn, lead
to DMA FIFO buffer overflow and incorrect operation of the system as a whole.

The presented system does not have a virtual control device located on a
personal computer, but instead uses the LabView Remote Panel mechanism. This
function implements the so-called Client-Server model, where the controller is the
server, and the client is any computer with LabView installed. By default,
CompactRIO is licensed for one external connection, but the number can be
expanded. To activate the Remote Panel on the controller, you need to activate the
Web server in the project settings and select the virtual devices to which you want to
allow remote access. This feature can significantly reduce the time required to
develop HOST VI, but can create a load on the data network.

In addition to the acquisition modules, to synchronize time and acquire current
speed and coordinates, a GPS receiver is also connected to the controller, installed on
the chassis in the same way as standard modules. Because the receiver is
manufactured by a third party, the LabView Real Time Module does not have a
standard means of acquiring GPS data, so it uses a set of separately installed virtual
devices to communicate with it. In addition, to ensure correct functioning of the
module as part of the project, the SubVIs supplied with the module should also be
added to the FPGA VI. If initialization is successful, the GPS data is presented as a
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cluster or directly in text format, which can be used to configure software or perform

other tasks.

6.3 A system for determining the level of comfortable movement

The subsystem for determining the comfort level is based on the requirements
of the DSTU UIC 513 standards. These documents provide for the assessment of the
comfort of passengers in mainline railway wagons, in which passengers normally
occupy a “‘sitting” or “standing” position.

According to the accepted methodology, the comfort index is calculated based
on the accelerations of: a) the body in the middle part, above the pivot points in three
directions (according to the simplified method - NMV); b) effective accelerations at
floor level, on the seat cushion in the vertical and transverse directions; on the back
of the chair for sitting in the longitudinal direction (full volume method in the sitting
position - NVA); c) the wagon body at floor level in three directions (full-volume
method in the “standing” position - NVD).

To exclude high-frequency components in the range of the output signal and
select for analysis the frequency band corresponding to the vibrations of the wagon,
digital signal filtering is used in the process of data preprocessing. Depending on the
acceleration axis and the location of the accelerometer, three types of filtering with
different amplitude-frequency characteristics are used.

For statistical processing of vertical accelerations measured by an
accelerometer placed at floor level or in seating areas, filters are used, the amplitude-
frequency characteristic of which is described by formulas (6.1) and (6.2), and for
accelerations measured on the back of seats in the longitudinal direction and filters

are used on the cushion in the transverse direction according to — (6.1) and (6.3):
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Expressions (6.1), (6.2) and (6.3) indicate: HA(s) — transfer function of the
bandpass filter; HB(s) — transfer function of the weighted filter of vertical
accelerations; NS(s), HD(s) — transfer function of the weighted filter of longitudinal
and transverse accelerations; fl, f2, Q1 — filter coefficients characterizing band
boundaries; 3, f4, f5, /6, O2, O3, Q4, K — filter coefficients characterizing the
parameters of the transfer function.

Table 6.1 presents the filter coefficients in accordance with the requirements of
the UIC 513 standard. The amplitude-frequency characteristics of the filters used are
presented in Figure 6.2.

During processing, instead of formulas (6.1 — 6.3), without significantly
affecting the results, you can use a simplified representation of the amplitude-
frequency characteristic:

[ 0.4 04< <2

0.2-f 2= <5
1 5<f <16

16/ f 16< < 7.

Ff)=1

(6.4)
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. 1 04< <8
I =

f(f) {Eﬁf 8=7=7 6.5)
v |1 04< <2

a[f)_{sz Zififm (66)

Where H 4(s) Compliant 7, (f'), H 5 (s)according F, (f), A He(s) H p(s)- F; (f).

Table 6.1 — Filter coefficients

Strip boundaries Parameters of the amplitude-frequency function
S f 2 0 I f 4 Js Js 0, (@ o K
(Hz) | (Hz) (Hz) | (Hz) |(Hz) |(Hz)

04 | 100 | 0.71 |- - - - - - - -

0.4 | 100 | 0.71 |16 16 2.5 4 0.63 (0.8 (08 (04
04 | 100 | 0.71 |8 8 - - 0.63 |- - 1.0
0.4 | 100 | 0.71 |2 2 - - 0.63 |- - 1.0
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Figure 6.2 — Amplitude-frequency response of the digital filters used: a) #,(s); b)

HB(S); V) HC(S):HD(S)

Figure 6.3 shows the results of filtering a signal received from an accelerometer

located on the floor of a passenger wagon moving at a speed of 70 km/h, before (Fig.
6.3a) and after (Fig. 6.3b) passing the filter.
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Figure 6.3 — Filtered signals

In accordance with the requirements of the UIC 513 standard, a comfort index

is calculated, which is assessed on the following scale: N</ — very good comfort;

I<N > 2 — good comfort; 2 < N > 4 — average comfort; 4 < N > 5 — poor comfort;

N> 5 —unacceptable comfort.

The technical implementation of the subsystem is based on the results of sea

trials of the model 62-7067 wagon. The calculated values of the comfort index NMV

are compared with the limit value [N] = 4.0. The calculation results are shown in

Table 6.2.
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Based on the tabular data, graphs of the dependence of comfort indices on
driving speed were constructed (Fig. 6.4). Apparently, comfort conditions deteriorate

noticeably in the driving speed range of 120-140 km/h.

5,5
5,0 [Nmv]
4,5
4,0 /ﬁ [Nmv]
35 /! ﬂ
E ’ 7 NN
2,5 l i N\ '
— | h,
2,0 Nmvm
1,5
1,0 =—t—Nmvll
60 70 80 90 100 110 120 130 140 150 160

V, km/h

Figure 6.4 — Comfort indices for the wagon model 62-7067 of a two-system electric
train on the Kyiv-Kharkov line
(NmvI, NmvII — comfort indices in the area of pivots I and IT; Nmvm — comfort index
in the middle of the body)
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Table 6.2 — Comfort index of the wagon model 62-7067 of a two-system electric

train on the Kyiv-Kharkov line

Travel speed, Percentage of the
Index Average value SLE

km/h limit value, %
61-70 2.6 0.3 65.4
71-80 2.8 0.3 69.7
81-90 3.2 0.1 80.4
NMVI 91-100 3.1 0.3 77.5
(comfort index 101-110 3.7 0.1 92.4
in the zone and 111-120 3.6 0.3 88.8
pivot) 121-130 3.9 0.2 98.0
131-140 3.9 0.3 97.5
141-150 3.6 0.2 90.2
151-160 3.0 0.3 75.6
61-70 2.2 0.3 55.9
71-80 2.4 0.3 60.8
81-90 2.6 0.6 66.0
NMVm 91-100 2.6 0.2 65.9
(comfort index 101-110 3.1 0.1 77.1
inside the body) 111-120 2.9 0.4 72.7
121-130 3.1 0.1 77.0
131-140 3.1 0.3 76.6
141-150 3.0 0.1 75.5
151-160 2.2 0.5 55.0
61-70 2.4 0.1 60.4
71-80 2.6 0.3 64.0
81-90 2.6 0.6 66.1
NMVII 91-100 2.6 0.3 65.3
(comfort index 101-110 3.2 0.2 80.2
in zone 1I of the 111-120 2.9 0.3 73.0
pivot) 121-130 3.2 0.1 79.1
131-140 3.7 0.4 91.4
141-150 3.0 0.1 75.5
151-160 2.6 0.3 65.6
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6.4 System for determining traffic safety indicators

The subsystem for determining the smoothness of the ride is based on the
requirements of the standard for the requirements for the smoothness of movement of
railway rolling stock SOU MPP 45.060-204:2007. This standard is intended to assess
ride comfort by checking the compliance of the wagons smoothness indicator Wz
with the standards provided for in the technical documentation for the wagons. The
smoothness indicator depends on the intensity and spectral composition of
accelerations of the wagon body.

According to the accepted methodology, the ride comfort characteristics Wz
are calculated from body accelerations above the pivot assemblies at the output of the
“physiological filter”. In accordance with this, the smoothness indicators in the
vertical (W,,) and horizontal (W,,) directions are calculated. The general view of

block diagrams is presented in Figure 6.5.

c [m..._.‘ =1 -
Dealdaraych a |> oo iR e
iy
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W

i, “”“ﬁ“

Figure 6.5 — General view of the block diagram

The data in Table 6.3 characterizes the assessment of the ride characteristics.
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Table 6.3 — Assessment of the driving performance of the wagon based on the

smoothness indicator Wz

Assessment of carriage performance Wz value
Very good 2
Good 2-25
Sufficient for passenger carriages 25-3
Limit for passenger wagon 3-3.25
Sufficient for a locomotive 3.25-35
Limit for a locomotive 3.5-3.75
Sufficient for freight wagon 3.6-4
Limit for freight wagon 4-4.25
Limit for humans from a physiological point of view 4.5
Dangerous from the point of view of derailment of rolling 5
stock

The calculation of smoothness indicators is carried out according to the
following algorithm: the size of the block for calculations is determined; the size of
the input block is determined by the logarithm to base two, and using the built-in
LABVIEW function, a Fourier transform is performed to construct the power
spectrum; based on the Fourier transform, frequency arrays and data arrays are
generated in a given frequency range from 0.5 to 20 Hz; the value of the normalized
amplitude-frequency characteristic of the correction filter is calculated according to

expression (6.7). Block diagram shown in Figure 6.6.

(1+0,1- /%)
(1+4,0412)-((1+0,03641%)* +0,045f)°

qﬂ(f)=1-15'\/
(6.7)
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iD,EleiE |:| =
[ |

Figure 6.6 — Block diagram of the correction filter

The final smoothness indicator Wz for the data array is calculated using the

formula:
W=a-a,, (6.8)

Where a=4.346 — for vertical vibrations; a0=4.676 — for horizontal (transverse)

~0,3 o :
vibrations; ¢;  — root mean square value of vibration accelerations at the output of

the correction filter.
An example of the smoothness assessment results is shown in Figure 6.7. The
obtained values of smoothness indicators compared to the permissible limit value

[Wz] = 3.75.
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Figure 6.7 — Smoothness indicators in the vertical direction (WzI — smoothness

indicator in the pivot section; Wzk — smoothness indicator)

6.5 System for determining traffic safety indicators

The subsystem for determining safety indicators is designed to work in express
processing mode. This subsystem is a software package installed on a PC and
implements the determination and display of safety indicators in real time with a
result update interval of once every two seconds or once per 100 meters of the
distance traveled.

According to the current methods of full-scale testing on 1520 mm railways, it
i1s expected to determine traffic safety indicators based on the so-called “frame
forces” acting from the frame structures of the chassis on the wheel pairs. However,
due to the fact that these characteristics do not provide a direct picture of the force
interaction of wheels with rails, this leads to a decrease in the reliability of the results

obtained in the process of running research.
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On the railways of EU countries, the assessment of traffic safety indicators of
high-speed rolling stock is regulated by standards establishing the following test
methods:

- normal method: measuring contact interaction forces in the horizontal
transverse (Y) and vertical (Q) directions;

- simplified method: measurement of lateral force (H) and body acceleration in
the transverse () and vertical () directions;y*Z*

- simplified method: measurement of transverse accelerations of the bogie frame
() and body accelerations in the transverse () and vertical () directions.y*y*Z*

In order to introduce modern approaches to assessing traffic safety indicators,
work has been done on the technical implementation of a simplified test method
based on measuring accelerations (y*, 7", Z*).

After filtering, the mathematical expectation (x) and standard deviation (s) are
calculated to subsequently determine the maximum possible acceleration values (

X max ) according to the following formula:
X =Xx+k-s (6.9)

where k is a coefficient depending on the given confidence level (to determine safety

indicators k = 3).

The values determined in this way are compared with the maximum permissible
values specified by the UIC 518 standard as follows: for vertical body acceleration =
3 m/s2; for lateral accelerations of the body —= 3 m/s2 when moving straight and in
curves of large radius, = 2.8 (Z2)1im 5 1im () 1im MV/s” - in curves with radius 400 <
R <600 m, = 2.6(¥s);jmm/s2 — in curves with a radius of 250 < R < 400 m. For
lateral accelerations of the bogie frame, the maximum permissible accelerations are

determined as follows:
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(T mNim =12 = Mb /5, (6.10)

where Mb is the mass of the bogie in tons.

The pilot implementation of the subsystem was carried out based on the results
of sea trials of the model 68-7041 wagon along the Kharkov-Kyiv, Kyiv-Donetsk and
Lviv-Kyiv routes.

Figure 6.8 shows the root-mean-square deviations (RMS) of the horizontal
transverse accelerations of the bogie frame, recorded during the movement of the
experimental train along the Lviv-Kyiv route. Based on the fact that the weight of the
model 68-7041 bogie is 6.68 tons, the value(ys);i;,=5.33 m/s2. As can be seen from
the presented results, the largest standard deviations of acceleration are at least two
times lower than the maximum permissible value, which indicates a significant

margin of resistance of the wagon from the east of the rails.

5 —[sv+]

—Sy
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w
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Figure 6.8 — RMS of horizontal lateral accelerations of the bogie frame, measured

during a test trip on the Lviv-Kyiv line
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6.6 A system for determining the indicators of the interaction of

the pantograph and contact network

In this work, the basic criteria of the process of the pantograph and overhead
line interaction of railway rolling stock are considered. An analysis of the causes and
consequences of impaired current collection was also performed. The analysis of
existing systems and technical means for determining the qualitative and quantitative
indicators of the pantograph and overhead line interaction was carried out and their
classification was carried out according to the location, the principle of obtaining
information and controlled parameters. Based on the results of research, the main
quantitative and qualitative indicators of the interaction of current collectors with the
overhead line in the conditions of operation on the railways of Ukraine, which should
be subject to control, have been established. Field tests were also conducted to
determine such indicators in real operating conditions of railway rolling stock.
According to the results of the research, an experimental complex was developed to
determine the indicators of the interaction of current receivers of various types of
rolling stock with the contact network in operating conditions.

6.6.1 Formulation of the problem

Increasing the speed and safety of rail transportation is becoming a more urgent
issue. In the work, a review and criterion analysis of the basic processes of the
interaction of the pantograph and the contact network of railway rolling stock, which
is operated on the railways of Ukraine, is carried out. Factors that have a negative
effect on current collection have been determined, including: the amount of wear of
the pantograph lining, the frequency of separation of the pantograph from the contact
wire, the range of oscillations of the pantograph rail, the pressure of the pantograph
on the contact wire and the acceleration of the pantograph rail in operation. An

analysis of the causes and consequences of impaired current collection was carried
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out. Current international scientific works on the process of interaction of the
pantograph and contact network were studied.

It was concluded that these works, to a greater extent, are aimed at the
development of mathematical models of the interaction of the pantograph and contact
network, analyzes of malfunctions of the pantograph in operation and wear of the
graphite insert of the pantograph. At the same time, this work is aimed at the
development of an autonomous mobile system for determining the indicators of the
interaction of current receivers with the contact network, which is not sufficiently
described in existing scientific works.

The analysis of the existing complexes for determining the qualitative and
quantitative indicators of the interaction of the pantograph and contact network was
performed. It was established that the existing complexes are multi-component in
terms of control methods, difficult to operate, expensive, and are installed stationary
on railway rolling stock and railway infrastructure objects. In contrast to those, the
proposed system is autonomous, mobility placed on any locomotive or motorcar
mobile unit, which allows to reduce the costs of operation and the complexity of
installation.

The proposed mobile system allows you to detect not only the indicators that
characterize the current draw, but also the faults of the contact network itself, such as:
contact network sagging and contact wire exiting the working surface of the
pantograph.

6.6.2 Basic criteria for the interaction of the pantograph and overhead line

The main criteria of the current collection process include:

evalues of wear of the contact pair, separation of the current collectors from the
wire, the range of oscillations of the slide and contact pressure

ecoefficients of reliability of contact operation and efficiency of current
collection, as well as minimum annual operating costs

ercliability and economy of current collection.
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The amount of wear of dynamic contact pairs in operation is the most objective
criterion for evaluating their performance. Wear can be used as a comparative
indicator for the materials of the contact pair and the amount of current. It
characterizes the work of a dynamic system. However, the process of wear of the
contact wire proceeds slowly, for several years, during which the weather conditions
will change repeatedly, as well as the types of rolling stock (hereinafter referred to as
ERS) and current collectors with different characteristics, currents, and speeds of
movement. Other factors will also affect it, for example, the height of the resulting
wear of the wire sections. Therefore, the results of the contact wire wear analysis can
be obtained only after a significant period has passed.

The current collector plates wear out much faster. Their service life is the
mileage before replacement. But a specific current collector will wear out when
driving on a traction shoulder (or shoulders) with specific profiles in weather
conditions that change over several days, in different manners of driving trains by
drivers and train situations (current, speed), depletion of lubricants, etc. However, the
most important for operation are the statistical data on the average specific wear of
the wires and the consumption of the plates, correlated to the ERS mileage.

The separation of current collectors from the contact wire is a criterion that can
be used during inspection trips. They give an instant assessment of the reliability of
current collection, although they do not consider the possibility of pressing the wire.
During visual assessment (using a voltmeter), the number of breaks is considered,
when they are registered with an oscilloscope or other devices - their duration. A
variant of this assessment is the deviation coefficient K, which represents the

percentage ratio of the sum of the deviation times to the observation period T.

K = 22 100%. (6.11)
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The range of oscillations of the skid relative to the level of the rail head (or the
wire squeeze by the current collector) is determined by the dynamic component of the

contact pressure of the current collector and is calculated according to the formula:
2A0F;5 = Peo max = Peo min- (6.12)

The coefficient of unreliability of the contact characterizes its susceptibility to
damage (pressure or drops). To determine it, it is necessary to set the values of
permissible minimum and maximum pressures. The sum of the number of cases
where the contact pressure in the span exceeds the permissible values gives the

unreliability coefficient:
kr = Nmaxka + N minka, (6.13)

where: k,;— risk factor.

One of the main criteria for the quality of current collection is the pressure in the
sliding contact (contact pressure), which shows whether the contact suspension for a
given type of current collector can provide a normal mode of current collection at a
given speed.

6.6.3. Existing systems for controlling the interaction of the pantograph and
overhead line.

The optimal amount of contact pressure allows to ensure reliable current
collection and minimal wear of contacting elements.

To register the pressure of the current collector on the contact wire, special

measuring strips are used, which can be classified (Fig. 6.10):

. by construction: frame, beam and lamellar

. by type of measuring elements - tensometric, pneumatic

o optical and spring

. by the number of used measuring elements - with one sensor,
° with two sensors, three or more
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. if possible, remove traction current - current collectors and measuring
devices.
Measuring skids of
pantographs
Frame ones Beams Lamella
| | l I
Spring
Tensometr Pneumatic Optical material
With one sensor With two sensors Multi-sensor

Figure 6.10 — Classification of measuring skids.

From the analysis of the known measuring rails of current collectors, it can be
concluded that they are mainly installed on the inspection rolling stock and cannot be
used as a replacement for standard current-carrying devices. In addition, when
conducting tests at high speeds of movement, measuring current collectors, like
ordinary ones, are in difficult conditions (mechanical abrasion, electrical erosion,
heating by current, action of transverse and vertical forces, etc.), so their design must
ensure high strength. The structure should not have extra elements, it should have the
same aerodynamic characteristics and mass as standard current collector skids.

The most perfect and convenient of them is the beam measuring skid of the
current collector SSS87 from Siemens (Figure 6.11). This skid is designed to

adequately assess the interaction of the pantograph with the contact suspension in real
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conditions due to the possibility of measuring the value of the contact pressure of the
pantograph, the acceleration of its plane-parallel movements and torsional vibrations,
the temperature of the contact elements of the skid and the current taken by the
current collector.

The main advantage of such a measuring skid is that it is designed for the flow
of traction current during full-scale tests without reconstruction of the main units and
with a change in the minimum number of elements of the current collector.

The measuring skid of the current collector of the Siemens company allows: to
register the following parameters of the interaction of the current collector and the
contact suspension during full-scale:

*the amount of contact pressure of the current collector on the contact wire
(measurement range of the sensor £50 kg)

e acceleration of plane-parallel (vertical, horizontal, transverse) movements and
torsional oscillations of the current collector slide from -4 to +5 g

* the current flowing through the current receivers is up to 2000 A

» the temperature of the contact plates of the current collector in the range from 0
to +600 °C.

Two ZFA 50 kg strain gauges, which have a low error and a sufficient
measurement range, are used to measure the amount of contact pressure of the current
collector.

With the help of two-axis accelerometers Analog Devices ADXL JCP-320
REEL, accelerations of plane-parallel (vertical, horizontal, transverse) movements
and torsional oscillations of the current collector skid are determined to correct
readings taken from strain gauges in order to obtain more accurate and reliable
information about the amount of contact pressure of the current collector skid taking
into account the inertial forces acting on it during the movement of electric rolling
stock, especially at high speeds.

The signal from the acceleration sensors can also be used to infer abnormal
modes of operation of the current collector, collisions with obstacles on the contact
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hinge, malfunctions of components and assemblies of the current collector itself,

which is necessary for accident prevention.

The heating temperature of the contact elements of the current collector can be

measured by temperature sensors (thermocouples) 11 type THK - 0001.

Table 6.4 shows the classification of modern systems used to control the quality

of current collection.

Table 6. — Classification of control systems

According to the
principle of

According to

System By location . . the controlled
obtaining
. . parameter
information
Automatic Pantograph On the . Geometric
) : Video control
Inspection system infrastructure parameters
Sicat PMS : On the Mechanical control Displacement
infrastructure
Pantolnspect : On the Video control Geometric
infrastructure parameters
PANTOBOT | Onthe Video control Geometric
infrastructure parameters
Panto_graph Damage On the rolling Mechanical control Acceleration
Monitoring System stock
Automat} ¢ Pantograph On the . Geometric
Monitoring of Carbon : Video control
: infrastructure parameters
Strips
The control system of Geometric
the laboratory wagon off  On the rolling Video control, parameters,
"NIIEFA-ENERGO" stock mechanical control acceleration,
LLC displacement
System " YZNOS" On the rolling Video control Geometric
stock parameters
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Figure 6.11 — An example of the Sicat PMS control system of

the Siemens company.

Figure 6.12 — An example of the Pantograph Damage Monitoring System

6.6.4 The results of the study on the determination of quantitative and
qualitative indicators of the interaction of the current collector with the overhead line
In the process of interaction of the current collector with the overhead line,
complex dynamic and physical processes occur, which can be evaluated by several
indicators, the measurement and control of which is proof of the safety and quality of

the current collection system.
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Based on syllogistic studies, the following qualitative and quantitative indicators
of the interaction of current receivers with the overhead line were determined (Figure
6.13).

Quantitative indicators Qualitative indicators

Registration of pantograph
Contact pressing &t P grap

separation

I ' ™~

Arcing coefficient Registration of the presence

of a spark

The level of lifting the ( )

) Recording the presence of
contact wire at the —

) ) blows
anchoring point . J

Acceleration level in the Registration of the contact

system

i e e S

wire exiting the working

zone of the pantograph

Temperature in the contact

Zone

Figure 6.13 — Qualitative and quantitative indicators of the interaction of current

collectors with the overhead line.

Quantitative indicators of the interaction of current collectors with the overhead
line:

« contact pressure - a vertical force exerting pressure on the contact wire through
the current collector. Contact pressure is the sum of forces from all contact points of

the current collector.
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» percentage coefficient of arc formation

» the level of acceleration in the " current collection - overhead line " system

* the level of lifting of the contact wire at the anchoring point when passing the
current collector

« temperature in the contact zone.

Qualitative indicators of the interaction of current receivers with the overhead
line:

» registration of disconnections of the current collections from the overhead line

* registration of the presence of sparking

» registration of the presence of blows

e registration of the exit of the contact wire beyond the working zone of the
pantograph.

In addition, to the above-mentioned qualitative and quantitative indicators, when
monitoring the interaction of current collectors with the overhead line, operational
conditions (speed of the train, its location) and environmental conditions (rain, ice,
temperature, wind, tunnel) should be considered, as well as the layout (characteristics
and placement of current collectors, type of contact suspension) during
measurements. This additional data ensures reproducibility of measurements and
comparability of measurement results.

6.6.5 Full-scale tests on determining the index of interaction of the pantograph
and contact network (measurement of accelerations)

To register readings, a software-hardware complex is used, which consists of a
NI 9012 cRIO controller with an NI 9205 ADC module and software developed in
the LabVIEW software package. The speed of the train and its position on the route
were determined using the SEA cRIO Gxxx Mobile GPS receiver module with a
sampling frequency of 8 Hz, and vibration accelerations were recorded using an
NI9205 ADC with a frequency of 500 Hz. Three-axis accelerometers with a
measurement range of + 50 m/s’ were used to record acceleration readings. The
arrangement of accelerometers on the pantograph is shown in Figure 6.14.
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Figure 6.14 — Scheme of placement of accelerometers on the pantograph.

The general view of the installed system on the rolling stock is shown in

Figure 6.15.

Figure 6.15 — General view of the measuring system on the pantograph.
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As a result of the tests carried out on some sections of the experimental route,
excess accelerations of the pantograph skids were recorded, which indicates
malfunctions in the overhead line. Recorded data, acceleration, and location, are
immediately transmitted to the server and enable the relevant services to quickly
eliminate malfunctions. An example of recorded malfunctions is shown in

Figure 6.16—6.18.

Vertical accelerations, m/s?

-80 |

Time, s

Figure 6.16 — Vertical accelerations of the pantograph bottom bracket

St. Gogoleve - St. Matyashivka (+ 604 m from Gogoleve station).
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Figure 6.17 — Vertical accelerations of the pantograph bottom bracket St. Paris

Commune — St. Petrovska Sloboda (+1.14 km from Paris Commune station).
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Figure 6.18 — Accelerations of the pantograph bottom bracket

St. Pharmaceutichna - St. Forestry (+981 m from the station Pharmaceutichna).
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6.6.6 Discussion

According to the results of the analysis of the consequences of impaired current
collection, it was established that the most rational way to solve problems with the
interaction of the current collector and overhead line can be considered the
improvement of current collectors, as well as in-depth studies of current collection
processes in steady and transient modes.

In steady state, unsatisfactory current collection can lead to:

a) to the catastrophically increasing wear of contacting elements (at the
same time, the movement of trains may last for some time)

b) damage with delay of trains; separation, which lead to annealing and re-
annealing of the wire; to circular fire on the collectors of traction engines; to an
unacceptable increase in radio and television interference; as well as to detachment,
accompanied by shocks, which cause a decrease in the reliability of fastening parts;
to periodic increase in contact pressure, etc.

Thus, in the stable mode, the economic (with little wear) and reliable (without
damage) current collection process becomes the decisive factor. Current collection
problems in this case are solved by improving the characteristics of contact
suspensions and improving current collectors. Each path also includes improving the
antifriction properties of contact materials.

In transient modes, an unsatisfactory process of current collection leads not only
to the burning of wires, but also to the breakdown of elements of current collectors
and contact suspensions due to the short-term appearance of vertical and horizontal
longitudinal and transverse forces, to unacceptable changes in the characteristics and
parameters of nodes during operation, etc.

The causes of such damage can be:

o horizontal forces from the contact wire

o collisions when lifting and lowering the current collector.

. collisions against obstacles on the contact wire

. insufficient current collector lowering time and knot strength.
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. side wind
. lack of proper control in operation
. vertical and transverse vibrations of the body.

As a result of the analysis of the existing current collection quality control
systems, they can be classified according to the following parameters.

According to the location, the existing systems can be conditionally divided into
those installed on rolling stock — passenger wagons, laboratory wagons, and those
installed on infrastructure elements - under overpasses, overhead line supports, and
other fixed structures located near the track.

According to the controlled parameters, the existing systems can be
conditionally divided into those that control:

o geometric parameters of the interaction between the pantograph and the

contact wire

o geometric parameters of graphite inserts

o temperature characteristics of the contact area

o accelerations occurring in the pantograph - contact wire system.
. moving the contact wire.

According to the principles of obtaining information, systems can be divided
into those based on the principles of video control, thermographic control, and
mechanical control.

Video control involves the use of a video camera as the primary source of
information, which allows you to receive images with a high frequency (more than 30
frames/sec) and a resolution sufficient to reliably distinguish the overhead line,
pantograph parts, suspension elements, etc. Processing of the received information
takes place in a computer system using specific software that implements various
methods of image processing using machine vision methods. This approach allows
you to "recognize" the contact wire, the suspension, the characteristic points of the

pantograph, which in turn can be used to build a profile of the movements of the
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contact wire relative to the pantograph, fix the exit of the contact wire outside the
optimal zone of contact with the pantograph, register vertical and horizontal
movements pantograph, etc.

Processing can take place both in real time with the simultaneous issuance of
control results to the operator (if the control system is located based on the laboratory
wagon) and after set time intervals.

The number of video cameras may differ in different systems. The simplest
options involve the use of only one camera placed both directly and against the
direction of movement of the wagon. More complex ones can have 2 or more
cameras. The increase in the number of sources of primary video information makes
it possible to evaluate the geometric characteristics of the interaction of the
pantograph with the contact wire in a larger number of geometric dimensions.

Thermographic control is like video control in many ways. In this case, a
thermal imager is used as the primary source of data, which captures the temperature
change in the area of the point of contact between the wire and the pantograph. An
increase in temperature can indirectly indicate the quality of the current and indicate
the presence of an electric arc. Video information from the thermal imager can be
used to determine the geometric position of the contact wire relative to the
pantograph, to track the movement of the pantograph.

Mechanical control involves the registration in various ways of mechanical
vibrations that occur during the interaction of the pantograph with the contact wire
during movement. As primary converters can accelerometers recording pantograph
acceleration, wear sensors, strain gauges, etc. should be used.

Based on the results of the analysis conducted, an experimental measuring
complex was developed to determine the indicators of the interaction of the
pantograph with the overhead line (measurement of vibration accelerations of the
pantograph). The complex consists of a NI 9012 cRIO controller with an NI 9205
ADC module and software developed in the LabVIEW software package. The speed
of the train and its position on the route were determined using the SEA cRIO Gxxx
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Mobile GPS receiver module with a sampling frequency of 8 Hz, and vibration
accelerations were recorded using an NI9205 ADC with a frequency of 500 Hz.
Three-axis accelerometers with a measurement range of = 50 m/s2 were used to
record acceleration readings. The results of the experimental studies showed the
efficiency of this complex and the recorded data make it possible to determine
problem areas in the overhead line on the route of the experimental trip with a

location accuracy of £9.6 m.

CONCLUSIONS ON SECTION 6

General requirements for the software and hardware complex are formulated to
determine the dynamic load of the chassis under operating conditions of the rolling
stock.

Technical solutions have been implemented regarding the means of conducting
running tests of rolling stock to determine the dynamic load of the running gear under
operating conditions, which increases the efficiency of predicted assessments and
increases the efficiency of testing.

A set of software subsystems has been developed to collect measurement
information, determine the level of ride comfort, smoothness and safety indicators of
rolling stock using simplified schemes.

The following conclusions were made based on the conducted research on the
determination of quantitative and qualitative indicators of the interaction of current
collectors with the overhead line in operating conditions:

- Based on syllogistic studies of the experience of other countries in the
technical diagnosis of the overhead line and its interaction with the
pantograph, a classification of existing systems was developed with an
analysis of the main principles of operation, and quantitative and qualitative
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indicators of the interaction of the current collector with the overhead line
were determined.

Modern systems used to control the quality of current collection in most
cases are combined and combine mechanical and telemetric approaches to
measuring the required values.

An experimental measuring complex has been developed to determine the
basic indicators of the interaction of the pantograph with the overhead line
(measurement of vibration accelerations of the pantograph) in operating
conditions, which allows in real time with an accuracy of + 9.6 m to
determine deviations from the norms of maintenance of the overhead line,
which in turn, allows promptly appropriate services to eliminate detected

malfunctions.
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GENERAL CONCLUSIONS

1. The scientific and technical materials aimed at determining and evaluating
movement quality indicators were reviewed and analyzed, the problems of wagon
operation were analyzed, and the problems of experimental evaluation of movement
quality and safety indicators were analyzed. An analysis of research and existing
systems for evaluating indicators of traffic quality and safety was carried out, a
review of technical solutions that improve indicators of quality and safety of traffic of
freight wagons was carried out. The need for the development of scientifically based
recommendations regarding direct measurements of the forces of interaction between
wheels and rails to determine the actual margin of stability of wheel pairs from
derailment was noted.

2. A method for in-depth processing of the results of rolling stock running tests
is proposed. The essence 1s to perform a spectral analysis of dynamic processes for
various elements of the load-bearing structures of a freight wagon in order to identify
the relationships between the oscillatory processes of the load-bearing structures and
the frequencies at which the interaction between them occurs. A software algorithm
has been developed for in-depth assessment of experimental indicators of the quality
of movement of freight wagons with reduced tare.

3. The general requirements for the mobile system for determining the quality
and safety indicators of the movement of freight wagons with reduced tare in
operation have been formulated and implemented. This mobile system allows running
tests without involving the laboratory wagon, which reduces costs and time for
conducting such tests by 25.8%.

4. According to the results of practical studies of freight wagons with reduced
tares, it was established that a decrease in the tare mass index by more than 10%

negatively affects the indicators of the quality of movement of such wagons, and a
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speed range of 60-70 km/h was revealed, during which a sharp deterioration of traffic
dynamics indicators was recorded in a number of experimental wagons.

5. A safe scheme of train formation, which includes freight wagons with reduced
tare, is proposed. Obtained during running dynamic tests, the values of compressive
forces acting on autocoupling devices of wagons and reaching or exceeding critical
values in the main and middle parts of the train according to the following schemes. It
1s advisable to place empty wagons in the last third of the train.
6. A new method for measuring contact forces has been proposed: through the
deformation of the wheel disks of wheelsets, its high efficiency and promise have
been confirmed through experimental and theoretical studies. Technical proposals
and recommendations have been developed for the method of directly measuring the
forces of interaction between wheels and rails:

- based on the results of simulation and experiment, a scheme for placing strain
gauges on the inner surface of the wheel disc was developed. This scheme includes
points that are most sensitive to vertical and lateral loads; connection schemes of
strain gauges are recommended;

- technical proposals for installing strain gauges on the surface of the wheel disc
and mounting the measuring equipment on the wheel pair are provided;

- recommendations and technical proposals for carrying out tare work are
provided: for tare in the vertical direction, it is recommended to use the wheel-by-
wheel weighing method, and for tare in the horizontal direction, a set of equipment is
proposed that ensures the load on the wheels of the wheel pair.

7. The proposed method of measuring contact forces makes it possible to
directly measure contact forces, thereby evaluating real traffic safety indicators for a
given type of rolling stock, in contrast to the existing method: measurement by
deformations of bogie frames, which gives only an indirect assessment and does not
apply to the conditions of passenger train traffic above 140 km/h

8. The general requirements for the software and hardware complex for
determining the dynamic load of running parts in the conditions of operation of the
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rolling stock are formulated. Technical solutions have been implemented regarding
the means of running tests of rolling stock to determine the dynamic loading of
running parts in operating conditions, which increases the effectiveness of forecasted
assessments and increases the efficiency of testing.

9. A complex of software subsystems for collecting measurement information,
determining the level of driving comfort, smoothness of movement and safety
indicators of rolling stock according to simplified schemes has been developed.

10. The following conclusions were made based on the conducted research on
the determination of quantitative and qualitative indicators of the interaction of
current collectors with the overhead line in operating conditions:

- Based on syllogistic studies of the experience of other countries in the
technical diagnosis of the overhead line and its interaction with the
pantograph, a classification of existing systems was developed with an
analysis of the main principles of operation, and quantitative and qualitative
indicators of the interaction of the current collector with the overhead line
were determined.

- Modern systems used to control the quality of current collection in most
cases are combined and combine mechanical and telemetric approaches to
measuring the required values.

- An experimental measuring complex has been developed to determine the
basic indicators of the interaction of the pantograph with the overhead line
(measurement of vibration accelerations of the pantograph) in operating
conditions, which allows in real time with an accuracy of £ 9.6 m to
determine deviations from the norms of maintenance of the overhead line,
which in turn, allows promptly appropriate services to eliminate detected

malfunctions.
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ADDITION A

PATENT DEVELOPMENTS FOR IMPROVING WAGON TRAFFIC
SAFETY INDICATORS
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A.1. 4-SPRING DUMP WAGON

The utility model relates to carriage building and can be used for rail freight
transportation of bulk cargo that does not require protection from precipitation and
their mechanical unloading.

The 4-way dump wagon model 31-638 is known; the wagon is an all-metal
self-unloading car with a body structure that tilts during unloading. The wagon
consists of a carriage module containing two biaxial bogies, an automatic coupler
module, a braking equipment module, a lower frame module with two buffer walls,
two pivot beams, four cylindrical beams and an upper frame module containing side
walls and two ends. unloading It is characterized by mechanized loading into the
body and unloading from outside the rails by tilting the body with pneumatic
cylinders.

The disadvantages of this design are as follows: dump wagons of this model are
characterized by unreasonably insufficient load-carrying capacity and a reduced
service life due to unsatisfactorily lower dynamic and strength load resistance
indicators, which determines their operation on railway and vehicle networks. and
imposes additional restrictions on the transportation of cargo volumes.

The utility model is based on the task of improving the dump wagon by having
hinged elements in its design instead of existing fixed elements (solid beams, welded
joints), namely the presence of a hinged element in the middle part of the spinal
beam, the presence of hinged elements at the junction of the spinal beam with: buffer
walls, pivot and cylindrical beams. The introduction of new features in interaction
with known ones ensures the appearance of additional degrees of freedom of the
design and implements in it the principle of adaptive perception of operational loads
in a loaded or unloaded state, which, as a consequence, improves the dynamics and
strength of a dump vehicle, reduces material consumption and, accordingly, increases
the load capacity. dump wagon services.
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The task is achieved by the fact that in a dump wagon containing bogies,
automatic coupling devices, braking equipment, a body including an upper frame
with side sides, end walls, an unloading mechanism and a lower frame with a center
beam, buffer walls, pivot and cylindrical beams, a model with a hinged element in the
middle part of the spinal beam; There are hinge elements at the junction of the center
beam with: buffer walls, pivot and cylindrical beams.

The advantages of the proposed technical solution are the improvement of the
dynamics and strength of the dump wagon, the increase in the carrying capacity and
service life of the wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. Fig. 1 shows a dump wagon containing bogies 1, braking equipment 2,
automatic coupling devices 3, upper frame 4, lower frame 5; Fig. 2 shows the lower
frame of a dump wagon with a spinal column (with a central hinge in the middle part
6), buffer, pivot beams 8 and cylindrical beams 9, which are connected pivotally 10,
also in Fig. 3 shows the hinge connection 11 with the center beam

The proposed dump wagon works as follows.

During movement, vertical and horizontal forces from the upper frame are
transmitted to the lower frame, which includes a center beam with a central hinge
element, which is hingedly connected to the buffer walls, pivot and cylindrical beams
(Fig. 2, Fig. 3), which partially absorb vibration energy , impacts and improve the
dynamics and strength of the dump wagon. The movement of the dump wagon is
ensured using bogies 1 (Fig. 1). The brake of the dump wagon is provided by braking
equipment 2. The connection of the dump wagon with other wagons or locomotives
1s provided by automatic coupling devices 3.

The use of the proposed technical solution will improve dynamics and strength,

increase the load capacity of the dump wagon and service life.

Utility model formula
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A dump wagon containing bogies, automatic coupling devices, braking
equipment, an upper frame with side walls, end walls and an unloading mechanism, a
lower frame with a spinal, buffer walls, pivot, cylindrical beams, characterized in that
in the middle part of the spinal beam; There are hinge elements at the junction of the
center beam with: buffer walls, pivot and cylindrical beams.

Essay

Utility model object: 4-way dump wagon.

Scope of application: railway transport, the utility model can be used in the
design of a 4-valve dump wagon.

The essence of the utility model: A dump wagon containing bogies, automatic
couplers, braking equipment, an upper frame containing side walls, two end walls and
an unloading mechanism, a lower frame with two buffer walls, two pivots, four
cylindrical beams in which the fixed connection is replaced. to the swivel joint.

Technical result: improved dynamics and strength indicators, increased load

capacity and service life of a 4-wheel dump wagon.

Fig. 1 — 4 spring wagon dump truck
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Fig. 2 — 4 spring wagon dump truck
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Fig. 3 — 4 spring wagon dump truck
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A.2. UNIVERSAL COVERED WAGON

The utility model relates to carriage building and can be used for freight rail
transportation that requires protection from precipitation.

A universal covered car for the transportation of goods that require protection
from precipitation, model 11-217, is known; the all-metal wagon has an outer metal
lining and a wooden inner lining, the design of which consists of a carriage module
containing two biaxial bogies and an auto module. equipment, a frame module with a
centerline, two end, two pivot, two main and seven intermediate weft beams and a
body module containing two side walls with sheathing and a frame, including vertical
posts, two end walls with sheathing and a frame. , including resistant intermediates
and an all-metal roof. Characterized by loading through side doors, sunroofs and
unloading through side doors.

The disadvantages of this design are as follows: the universal box wagon of this
model is characterized by an unreasonably insufficient load capacity and a reduced
service life due to unsatisfactorily lower dynamic and strength loads, which causes an
increase in the cost of cargo transportation during their operation on railway
networks. railway transport and imposes additional restrictions on the transportation
of cargo volumes.

The utility model is based on the task of improving a universal covered wagon
by using hinged elements in its design instead of existing fixed elements (solid
beams, welded joints), namely the presence of a hinged element in the middle part of
the center beam, the presence of hinged elements at the junction of the end beams,
pivot and main beams, the presence of hinge elements at the junction of the side wall
posts with the lower skin and at the junction of the roof with the side wall posts. The
introduction of new features in interaction with the known ones ensures the
appearance of additional degrees of freedom of the design and implements in it the
principle of adaptive perception of operational loads in a loaded or unloaded state,
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which, as a consequence, improves the dynamics and strength of a universal covered
wagon, ensures a reduction in material consumption and, accordingly, increases the
load capacity. increases the service life of the wagon.

The task is achieved by the fact that in a universal covered wagon containing
bogies, automatic coupling devices, braking equipment, a body including a frame
with a center beam, end beams, main beams and a roof, according to the utility
model, there is a hinge element in the middle part of the center beam; existing hinge
elements at the junction of the center beam with: end, pivot and main beams; There
are hinge elements at the junction of the side wall pillars with the bottom trim and at
the junction of the roof with the side wall pillars.

The advantages of the proposed technical solution are the improvement of the
dynamics and strength of the universal covered wagon, the increase in the carrying
capacity and service life of the wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. 1 shows a universal covered wagon containing bogies 1, braking equipment 2,
automatic coupling devices 3, a body 4, a universal covered wagon includes a frame
with a vertebral (with a hinged connection in the middle part 5), end 6, pivot beams 7
and main beams that are pivotally connected 9 (Fig. 2), hinge elements at the junction
of the side racks with the lower frame 10 (Fig. 3) and at the junction of the roof with
the racks of the side walls 11 (Fig. 4).

The proposed universal box wagon works as follows.

During movement, vertical and horizontal forces from the body are transmitted
to the center beam with a hinged element, which is pivotally connected to the end,
pivot, and main beams, which in turn are pivotally connected to the racks of the side
walls, which in turn are pivotally connected. with a wagon roof (Fig. 2, Fig. 3, Fig.
4), partially absorbing vibration energy and improving the dynamics and strength of a
universal covered wagon. The movement of the universal covered wagon is ensured

with the help of trolleys 1 (Fig. 1). The brake of a universal covered wagon is
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provided by braking equipment 2. The connection of a universal covered wagon with
other wagons or locomotives is provided by automatic coupling devices 3.

The use of the proposed technical solution will improve the dynamics and
strength, increase the carrying capacity of a universal covered wagon and its service
life.

Utility model formula

A universal covered wagon containing bogies, automatic couplers, braking
equipment, a body, a frame with center, end, pivot, and main beams, characterized in
that there 1s a hinge element in the middle part of the center beam; existing hinge
elements at the junction of the center beam with: end, pivot and main beams; There
are hinge elements at the junction of the side wall pillars with the bottom trim and at

the junction of the roof with the side wall pillars.

Essay

Utility model object: a universal covered wagon for transporting goods that
require protection from precipitation.

Scope of application: railway transport, the utility model can be used in the
design of a universal covered carriage.

The essence of the utility model: A universal covered wagon containing bogies,
automatic coupling devices, braking equipment, a body including a frame with an
articulated center beam, end beams, pivot beams, main beams in which the fixed
connection is replaced by a hinge connection, existing hinge eclements. at the
junctions of the side wall posts with the bottom trim and at the junctions of the roof
with the side wall posts.

Technical result: improved dynamics and strength indicators, increased load

capacity and service life of a universal covered wagon.
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Fig. 1 — Universal covered wagon
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Fig. 2 — Universal covered wagon
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Fig. 4 — Universal covered wagon
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A.3. RAILWAY TANK STATION

The utility model relates to railway transport, namely railway tanks, and can be
used for the transportation of liquid cargo.

A railway tank is known, containing bogies, a frame, braking equipment,
automatic coupling devices, a boiler, fastening the boiler to the frame and supports of
the boiler on the frame.

The disadvantage of this design is that when transporting liquid cargo, the
dynamics of the railway tank are worse than most other types of wagons, which in
turn imposes additional features and restrictions regarding train transportation.

The utility model is based on the task of improving the railway tank by replacing
the supports located between the boiler and the frame with rubber-metal elements that
absorb vibration energy, which, as a result, improves the dynamics of the railway
tank.

The objective is achieved by the fact that in a railway tank containing bogies, a
frame, braking equipment, automatic couplers, a boiler, fastening the boiler to the
frame and boiler supports on the frame, according to the utility model, the boiler
supports on the frame are made in the form of rubber-metal elements.

The advantages of the proposed technical solution are the improvement of the
dynamics of the railway tank.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a railway tank containing bogies 1, frame 2, braking equipment
3, automatic couplers 4, boiler 5, fastening the boiler to the frame (not indicated),
supports 6 of the boiler on the frame, which are made in the form of rubber-metal
elements (Fig. 2).

The proposed railway tank works as follows.

During movement, vertical and horizontal forces from the boiler 5 are
transmitted to the frame 2 partially through the fastening and through the supports 6,
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which are made in the form of rubber-metal elements that partially absorb vibration
energy and improve the dynamics of the railway tank. The movement of the railway
tank is ensured with the help of bogies 1. The brake of the railway tank is provided
by braking equipment 3. The connection of the railway tank with other wagons is
provided by automatic couplers 4.

The use of the proposed technical solution will improve the dynamics of the

railway tank.

Utility model formula
A railway tank containing bogies, a frame, braking equipment, automatic
couplers, a boiler, fastening the boiler to the frame and boiler supports on the frame,
characterized in that the boiler supports on the frame are made in the form of rubber-

metal elements.

Essay

Utility model object: railway tank.

Scope of application: railway transport, the utility model can be used in the
design of a railway tank for transporting liquid cargo.

The essence of the utility model: in a railway tank containing bogies, a frame,
braking equipment, automatic coupling devices, a boiler, fastening the boiler to the
frame and boiler supports on the frame, the boiler supports on the frame are made in
the form of rubber-metal elements.

Technical result: improving the dynamics of a railway tank.
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Fig. 1 — Railway tank

|

Rubber-metallic element

Fig. 2 — Railway tank
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A.4. 6 SPRING RAILWAY TANK STATION

The utility model relates to railway transport, namely railway tanks, and can be
used for the transportation of liquid cargo.

A 6-spring railway tank is known, containing bogies, a frame, braking
equipment, automatic couplers, a boiler, a boiler mount and boiler supports on the
frame.

The disadvantage of this design is that when transporting liquid cargo, the
dynamics of the railway tank are worse than most other types of wagons, which in
turn imposes additional features and restrictions regarding train transportation.

The utility model is based on the task of improving a 6-axle railway tank by
replacing the supports that are located between the boiler and the frame with leaf
springs that absorb vibration energy, which, as a result, improves the dynamics of the
railway tank.

The objective is achieved by the fact that in a 6-axle railway tank containing
bogies, a frame, braking equipment, automatic couplers, a boiler, a boiler mount and
boiler supports on the frame, according to the utility model, the boiler supports on the
frame are made in the form of leaf springs.

The advantages of the proposed technical solution are the improvement of the
dynamics of a 6-axle railway tank.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a 6-spring railway tank containing bogies 1, frame 2, braking
equipment 3, automatic couplers 4, boiler 5, boiler mounting (not indicated), boiler
supports 6 on the frame, which are made in the form of leaf springs (Fig. 2 ).

The proposed 6-spring railway tank works as follows.

During movement, vertical and horizontal forces from the boiler 5 are
transmitted to the frame 2 and partially through the supports 6, which are made in the
form of leaf springs, partially absorbing vibration energy and improving the
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dynamics of the 6-axle railway tank. The movement of a 6-axle railway tank is
ensured with the help of bogies 1. The braking of a 6-axle railway tank is provided by
brake equipment 3. The connection of a 6-axle railway tank with other wagons is
provided by automatic couplers 4.

The application of the proposed technical solution will improve the dynamics

of a 6-axle railway tank.

Utility model formula
A 6-spring railway tank containing bogies, a frame, braking equipment,
automatic couplers, a boiler, a boiler mount and boiler supports on the frame,
characterized in that the boiler supports on the frame are made in the form of leaf

springs.

Essay

Utility model object: 6-spring railway tank.

Scope of application: railway transport, the utility model can be used in the
design of a 6-axle railway tank for transporting liquid cargo.

The essence of the utility model: in a 6-axle railway tank containing bogies, a
frame, braking equipment, automatic couplers, a boiler, the boiler is mounted and the
boiler supports on the frame, the boiler supports on the frame are made in the form of
leaf springs.

Technical result: improving the dynamics of a 6-way railway tank.
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Fig. 1 — 6 spring railway tank

Fig. 2 — 6 spring railway tank
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A.5. VERTEBRAL BEAM OF FREIGHT WAGON

The utility model belongs to railway transport, namely to repair, modernization,
construction and operation of freight wagons and can be used for technical control
and improving the safety of movement of freight wagons, namely the center beam of
a freight wagon at the junction with the rear stops, including after repairs in these
areas.

A known center beam of a freight wagon contains longitudinal non-sewing
profiles, connection points with automatic coupling equipment, bogies, and
transverse beams.

The disadvantage of such a center beam of a freight wagon, according to an
analysis of strength calculations and failures of the load-bearing structures of wagons,
is that the junction of the center beam with the rear stops in certain models of
wagons, including hopper wagons for transporting grain of the model
19-752, has stress concentrators in which cracks occur.

There is a known method for repairing center beams, which consists in the fact
that when a crack occurs in the center beam, an overlay is installed on the area with
the crack by welding. “Instructions for welding and surfacing during the repair of
freight wagons and containers” - Instruction TsV-0019).

The disadvantage of this repair method is that it cannot be used at riveted joints,
at the edges of the center beam and areas with changes in geometric parameters, as
well as the impossibility of further monitoring the stress level.

There is also a known method for repairing center beams, which consists in the
fact that if a crack occurs, it is repaired by welding (Wagons of freight railways of
Ukraine track 1520 (1524) mm. Manual for depot repair. VND UZ 32.2.04.037-
2014).
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The disadvantage of this repair method is that after welding, residual stresses
appear at the site of destruction of the spinal beam and it is impossible to further
control the stress levels.

A prototype design for the center beam of a freight wagon with the ability to
further control stress levels has not been found.

The utility model is based on the task of improvement center beam of a freight
wagon by introducing into the design a diagnostic module for the most dangerous
zone.

The task is achieved by the fact that center beam of a freight wagon, containing
longitudinal non-seeding profiles, connection points with automatic coupling
equipment, bogies, cross beams, according to the utility model, at the junction of the
center beam with the rear stops, which are the zone of combination of longitudinal
non-seeding profiles with automatic coupling equipment, a diagnostic module is
installed, consisting of strain gauges, a protective coating and output connectors for
connecting test equipment.

The advantages of the proposed technical solution are the possibility of constant
or periodic monitoring of the level of dynamic stresses and oscillation frequencies of
the hazardous area center beam of a freight wagon (junction of the center beam with
the rear stops) which is especially important for wagons after long-term operation or
after repairs and upgrades.

The essence of the utility model is presented in Fig. 1, which shows a diagram
center beam of a freight wagon. The spinal beam of a freight wagon contains
longitudinal non-sewing profiles 1, connection points with automatic coupling
equipment 2, connection points with bogies and transverse beams (not marked in the
image). The area where the longitudinal non-seeding profiles 1 connect with the
automatic coupling equipment 2 contains a dangerous zone - the junction of the
center beam with the rear stops (zone A). Additionally the general outline of the
wagon 1s shown using the example of grain wagon 3. In zone A at the junction of the
center beam with the rear stops, a diagnostic module is installed, consisting of strain
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gauges 4, a protective coating 5 and output connectors 6 for connecting test
equipment.

Spinal beam of a freight wagon works as follows.

Vertical and horizontal forces from the body of wagon 3 are transmitted to the
upper parts longitudinal non-sewing profiles 1 and at the junction with the transverse
beams. After this, vertical and horizontal forces are transmitted from longitudinal
non-seeding profiles 1 to the points of connection with the automatic coupling
equipment 2 and the points of connection with the bogie.

Longitudinal forces from the train are transmitted through the junction of the
center beam with automatic coupling equipment 2.

The forces from the contact of the wheels with the tracks are transmitted through
the junction of the center beam with the bogies.

When connecting the testing equipment, strain gauges 4 through output
connectors 6 provide control of the deformation of the test (dangerous) zone of the
spinal beam of a freight wagon, which makes it possible to evaluate the levels of
dynamic stresses and vibration frequencies. The protective coating 5 is designed to
protect the strain gauges 4 from damage and the environment.

The use of the proposed technical solution will make it possible to constantly or
periodically monitor the level of dynamic stresses and oscillation frequencies of the
dangerous zone.center beam of a freight wagon (junction of the center beam with the
rear stops)which is especially important for wagons after long-term operation or after

repairs and upgrades.

Utility model formula
The spinal beam of a freight wagon contains longitudinal non-sewing profiles,
points of connection with automatic coupling equipment, bogies, transverse beams,
which is characterized by the fact that at the junction of the center beam with the rear

stops, which are the zone of combination of longitudinal non-sewing profiles with
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automatic coupling equipment, a diagnostic module consisting of strain gauges,

protective coating and output connectors for connecting test equipment.

Essay

Utility model object: center beam of a freight wagon.

Application area: railway transport, may be useful used in the repair,
modernization, construction and operation of freight wagons.

The essence of the utility model: in the center beam of a freight wagon,
containing longitudinal non-sewing profiles, connection points with automatic
coupling equipment, bogies, transverse beams, at the connection points of the center
beam with the rear stops, which are the zone of combination of longitudinal non-
sewing profiles with the automatic coupler. , a diagnostic module is installed,
consisting of strain gauges, a protective coating and output connectors for connecting
test equipment.

Technical result: possibility constantly or periodically monitor the level of
dynamic stresses and vibration frequencies of the hazardous area center beam of a
freight wagon (junction of the center beam with the rear stops)which is especially

important for wagons after long-term operation or after repairs and upgrades.
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Fig. 1 — Spinal beam of a freight wagon
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A.6. UNIVERSAL PLATFORM WAGON

The utility model relates to carriage building and can be used for rail
transportation of wheeled and tracked vehicles, long, artificial, timber and other
cargo, containers and equipment that does not require protection from atmospheric
influences.

A universal platform wagon is known, the design of which consists of a carriage
module containing two biaxial bogies, an automatic coupler module, a braking
equipment module, a frame module including a frame with vertebral, end, pivot and
main transverse beams.

The disadvantages of this design are as follows: universal platform wagon this
model is characterized by an unreasonably insufficient load-carrying capacity and a
reduced service life due to unsatisfactorily lower dynamic and strength load
resistance indicators, which, when used on railway networks, causes an increase in
the cost of cargo transportation and a decrease in the profitability of the load and
restrictions on the profitability of work and the competitiveness of railway cargo
transport.

The utility model is based on the task of improvement universal flat wagon by
using hinge elements in its design instead of existing fixed elements (solid beams,
welded joints), namely, installing a hinge element in the middle part of the spine
beam, installing hinge elements at the junction of the end beams, pivot beams and
main transverse beams. The introduction of new features in interaction with known
ones ensures the appearance of additional degrees of freedom of the structure and
implements 1n it the principle of adaptive perception of operational loads in a loaded
or unloaded state, which, as a consequence, improves dynamics and strength

indicators universal platform wagon ensures a reduction in material consumption and,
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accordingly, increases the carrying capacity and increases the service life of the
wagon.

The goal 1s achieved by the fact that in universal flat wagon, containing bogies,
automatic coupling devices, braking equipment, a frame with spinal, end beams and
main transverse beams, according to the utility model, a hinge element is installed in
the middle part of the spinal beam; Hinge elements are installed at the junction of the
center beam with: end, pivot and main transverse beams.

The advantages of the proposed technical solution are improved dynamics and
strength universal flat wagon, increasing the load capacity and service life of the flat
wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. 1 pictured universal flat wagon, which contains bogies 1, braking equipment 2,
automatic coupling devices 3, frame 4, while universal flat wagon includes (Fig. 2) a
frame with a vertebral (with a hinged connection in the middle part, position 5), end
1, pivot beams 2 and main transverse beams 3 which are handedly connected 4 also
connected to (Fig. 3) hinged with 1 main transverse beam with a spinal beam.

Proposed universal flat wagon works as follows.

During movement, the vertical and horizontal forces of the frame are transmitted
to the center beam with a hinge element, which 1s handedly connected to the end,
pivot and main transverse beams (Fig. 2, Fig. 3), which partially absorb vibration
energy and improve dynamics and strength universal flat wagon. Movement universal
flat wagon is provided using bogies 1 (Fig. 1). Braking universal flat wagon provided
with braking equipment 2.universal flat wagon with other wagons or locomotives, it
1s equipped with automatic coupling devices 3.

The use of the proposed technical solution will improve dynamics and strength,

and increase load capacity universal flat canard service life.

Utility model formula
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Universal flat wagon, containing bogies, automatic coupling devices, braking
equipment, a frame with spinal, end, pivot and main transverse beams, characterized
in that a hinge element is installed in the middle part of the spinal beam; Hinge
elements are installed at the junction of the center beam with: end, pivot and main

transverse beams.

Essay

Utility model object: universal flat wagon.

Scope of application: railway transport, utility model can be used in construction
universal flat wagon.

The essence of the utility model: universal flat wagon, containing bogies,
automatic coupling devices, braking equipment, a frame with an articulated center
beam, end, pivot and main transverse beams, in which the fixed connection is
replaced by a hinge connection.

Technical result: improved dynamics and strength, increased load capacity and

service life universal flat wagon.

Fig. 1 — Universal flat wagon
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Fig. 2 — Universal flat wagon

/

Fig. 3 — Universal flat wagon
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A.7. HOPPER WAGON FOR TRANSPORTATION OF PELLETS

The utility model relates to wagon building and can be used for rail freight
transportation of bulk cargo that does not require protection from precipitation, in
particular pellets.

A known bunker-type hopper wagon for transporting pellets, model 20-4015-
01, the wagon is an all-metal self-unloading, bunker-type wagon, the design of which
consists of a carriage module containing two biaxial bogies, an automatic coupler
module, a brake module, two end and two pivot , two intermediate beams and a body
module containing two side walls having a skin and a frame including vertical posts,
and two end walls having a skin and a frame including resistant intermediate ones.

The disadvantages of this design are as follows: hopper wagons for
transporting pellets of this model are characterized by unreasonably increased
material consumption and insufficient load capacity and reduced service life due to
lower dynamic and strength indicators, which determines their operation on railway
transportation networks. operation and competitiveness of railway transport and
imposes additional restrictions on the transportation of cargo volumes.

The utility model is based on the task of improving a hopper wagon for
transporting pellets by making the middle part of the center beam, end beams,
intermediate beams and vertical pillars of the side walls and intermediate pillars of
the end walls in the form of leaf springs. The introduction of new features, when
interacting with known ones, ensures the absorption of vibration energy, which, as a
consequence, improves the dynamics and strength of the hopper wagon for
transporting pellets, reduces material consumption and, accordingly, increases the
load capacity and increases the service life of the wagon.

The objective is achieved by the fact that in a hopper wagon for transporting
pellets, containing bogies, automatic coupling devices, braking equipment, a body
which includes a frame with a spine, end beams, intermediate beams, vertical pillars
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of the side walls, intermediate pillars of the end walls, according to the utility model,
the middle part of the center beam, end beams and intermediate beams of the frame,
vertical pillars of the side walls, intermediate pillars of the end walls are made in the
form of leaf springs.

The advantages of the proposed technical solution are improving the dynamics
and strength of the hopper wagon for transporting pellets, increasing the carrying
capacity and service life of the wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a hopper wagon for transporting pellets, containing bogies 1,
braking equipment 2, automatic coupling devices 3, a body 4, including a frame (Fig.
2) with a spinal column (middle part 6), end beams 7, intermediate beams 8, which
are made in in the form of leaf springs 9 (Fig. 3, section of the end and intermediate
beams), the racks of the side walls 5 (Fig. 1) and the intermediate racks of the end
walls 10 (Fig. 4) are made in the form of leaf springs.

The proposed hopper wagon for transporting pellets works as follows.

During movement, vertical and horizontal forces from the body 4 are transmitted
to the center beam with pivot beams, end beams 7, intermediate beams 8 (Fig. 2), side
wall posts 5 (Fig. 1), intermediate posts of end walls 10 (Fig. 4 ), which are made in
the form of leaf springs, which additionally absorb vibration energy and improve the
dynamics and strength of the hopper wagon for transporting pellets. The movement
of the hopper wagon for transporting pellets is ensured using bogies 1 (Fig. 1).
Braking of the hopper wagon for transporting pellets is provided by braking
equipment 2. The connection of the hopper wagon for transporting pellets with other
wagons or locomotives is provided by automatic coupling devices 3.

The use of the proposed technical solution will improve dynamics and strength,
reduce material consumption, increase the load capacity of a hopper wagon for

transporting pellets and increase its service life.

Utility model formula
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A hopper wagon for transporting pellets, containing bogies, automatic coupling
devices, braking equipment, a body, a frame with vertebral, end, pivot, intermediate
beams, characterized in that the middle part of the vertebral beam, end beams and
intermediate beams of the frame, vertical pillars of the side walls, The intermediate

racks of the end walls are made in the form of leaf springs.

Essay

Utility model object: hopper wagon for transporting pellets.

Scope of application: railway transport, the utility model can be used in the
design of a hopper wagon for transporting pellets.

Essence of the utility model: A hopper wagon for transporting pellets,
containing bogies, automatic couplers, braking equipment, a body including a frame
with the middle part of the center beam, end beams and intermediate beams of the
frame, vertical pillars of the side walls, intermediate pillars of the end walls are made
in the form of sheets. springs

Technical result: improved dynamics and strength, reduced material
consumption of the hopper wagon for transporting pellets, increased load capacity

and service life.

Fig. 1 — Hopper wagon for transporting pellets
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Fig. 2 — Hopper wagon for transporting pellets

&

Fig. 3 — Hopper wagon for transporting pellets
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A.8. COVERED HOPPER WAGON FOR
TRANSPORTATION OF PELLETS

The utility model relates to wagon building and can be used for rail freight
transportation of bulk cargo that does not require protection from precipitation, in
particular pellets.

A covered bunker-type hopper wagon for transporting pellets, model 20-4015-
01, is known. The wagon is an all-metal self-unloading, bunker-type wagon, the
design of which consists of a carriage module containing two biaxial bogies, an
automatic coupler module, a spindle module, two end modules, two pivot beams, two
intermediate beams and a body module containing two side walls with sheathing and
a frame including vertical posts, and two end walls with sheathing and a frame
including resistant intermediate ones.

The disadvantages of this design are as follows: hopper wagons for transporting
pellets of this model are characterized by unreasonably insufficient load capacity and
reduced service life due to unsatisfactorily lower dynamic and strength loads for
possible load resistance indicators, which determines their operation on railway
transportation networks operation and competitiveness of railway transport and
imposes additional restrictions on the transportation of cargo volumes.

The utility model is based on the task of improving a hopper wagon for
transporting pellets by using hinged elements in its design instead of existing fixed
elements (solid beams, welded joints), namely the presence of hinged elements at the
junctions of end, pivot and intermediate beams. The introduction of new features in
interaction with known ones ensures the appearance of additional degrees of freedom
of the design and implements in it the principle of adaptive perception of operational
loads in loaded or unloaded states, which, as a consequence, improves the dynamics

and strength of the hopper wagon for transporting pellets, reduces material
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consumption and, accordingly, increases the carrying capacity and increases the
service life of the wagon.

The objective is achieved by the fact that in a hopper wagon for transporting
pellets, containing bogies, automatic coupling devices, braking equipment, a body
that includes a frame with a spinal column, end beams, intermediate beams,
according to the utility model, there are hinge elements at the junctions of the spinal
column. beams with: end, pivot and intermediate beams.

The advantages of the proposed technical solution are improving the dynamics
and strength of the hopper wagon for transporting pellets, increasing the carrying
capacity and service life of the wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a hopper wagon for transporting pellets, containing bogies 1,
braking equipment 2, automatic coupling devices 3, a body 4, while the hopper
wagon for transporting pellets includes (Fig. 2) a frame with a spinal column, end
beams 5, pivot beams 6 and intermediate beams 7, which are connected by a hinge 8,
are also shown in (Fig. 3) a hinged connection 9 of the intermediate beam with the
center beam.

The proposed hopper wagon for transporting cement works as follows.

During movement, vertical and horizontal forces from the body are transmitted
to the center beam, which is handedly connected to the end, pivot and intermediate
beams (Fig. 2, Fig. 3), which partially absorb vibration energy and improve the
dynamics and strength of the wagon hopper for transporting pellets. The movement
of the hopper wagon for transporting pellets is ensured using bogies 1 (Fig. 1).
Braking of the hopper wagon for transporting pellets is provided by braking
equipment 2. The connection of the hopper wagon for transporting pellets with other
wagons or locomotives is provided by automatic coupling devices 3.

The use of the proposed technical solution will improve the dynamics and
strength indicators, increase the load capacity of the hopper wagon for transporting
pellets and increase the service life.
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Utility model formula

A hopper wagon for transporting pellets, containing bogies, automatic couplers,
braking equipment, a body, a frame with spinal, end, pivot, and intermediate beams,
characterized in that there are hinge elements at the junction of the spinal beam with
the end, pivot beams. and intermediate beams.

Essay

Utility model object: hopper wagon for transporting pellets.

Scope of application: railway transport, the utility model can be used in the
design of a hopper wagon for transporting pellets.

The essence of the utility model: A hopper wagon for transporting pellets,
containing bogies, automatic coupling devices, braking equipment, a body including
a frame with a center beam, end beams, pivot beams and intermediate beams, in
which the fixed joint is replaced by a hinge joint.

Technical result: improved dynamics and strength indicators, increased load

capacity and service life of a hopper wagon for transporting pellets.
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Fig. 1 — Hopper wagon for transporting pellets
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Fig. 2 — Hopper wagon for transporting pellets

g

Fig. 3 — Hopper wagon for transporting pellets

1

Fig 4 — Hopper wagon for transporting pellets
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A.9. PLATFORM WAGON

The invention relates to carriage building and can be used for rail transportation
of wheeled and tracked vehicles, artificial, timber and long cargo, boxed cargo,
containers and other cargo that does not require protection from precipitation.

A known flat wagon model 13-4012, the design of which contains bogies,
automatic couplers, braking equipment, a body, a frame with vertebral, end, pivot,
and transverse beams.

The disadvantages of this design are as follows: flat wagons of this model are
characterized by unreasonably insufficient load-carrying capacity and a reduced
service life due to lower dynamic and strength characteristics, which, when operating
on railway networks, causes an increase in the cost of cargo transportation and a
decrease in the profitability of work, and the competitor imposes additional
restrictions on transportation of cargo volumes.

The utility model is based on the task of improving the flat wagon by making
the middle part of the spine beam, transverse and end beams in the form of leaf
springs. The introduction of new features, when interacting with known ones, ensures
the absorption of vibration and impact energy, which, as a consequence, improves the
dynamics and strength of the platform wagon, reduces material consumption, and,
accordingly, increases the load capacity and increases the service life of the wagon.

The objective is achieved by the fact that in a flat wagon containing bogies,
automatic coupling devices, braking equipment, a body, a frame with vertebral, end,
pivot, intermediate beams according to the utility model, the middle part of the spinal
beam, end, pivot, transverse beams are made in the form of sheets springs

The advantages of the proposed technical solution are the improvement of the
dynamics and strength of the flat wagon, the increase in the carrying capacity and

service life of the wagon.
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The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a flat wagon containing bogies 1, braking equipment 2,
automatic coupling devices 3, body 4, frame 5 (Fig 2) with vertebral (including the
middle part 4), end 1, pivot 2 transverse beams 3, which are made in in the form of
leaf springs 5 (Fig. 3).

The proposed platform wagon works as follows.

During movement, vertical and horizontal forces from the body (4) are
transmitted to the center beam with pivot, end transverse beams (Fig. 2) are made in
the form of leaf springs, which partially absorb vibration energy and improve the
dynamics and strength of the flat wagon. The movement of the platform wagon is
ensured with the help of bogies 1. The braking of the platform wagon is provided by
braking equipment 2. The connection of the platform wagon with other wagons is
provided by automatic coupling devices 3.

The use of the proposed technical solution will improve the dynamics and

strength indicators, increase the load capacity of the flat wagon and service life.

Utility model formula
A flat wagon containing bogies, automatic couplers, braking equipment, a body,
a frame with spinal, end, pivot, and transverse beams, characterized in that the middle
part of the center beam, end, pivot, and transverse beams are made in the form of leaf

springs.

Essay
Utility model object: flat wagon.
Scope of application: railway transport, the utility model can be used in the
design of a flat wagon for transporting wheeled and tracked vehicles, artificial, timber
and long cargo, cargo in boxes, containers and other cargo that does not require

protection from precipitation.
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The essence of the utility model: A flat wagon containing bogies, automatic
couplers, braking equipment, a body including a frame with a center beam, end,
pivot, and transverse beams, which are made in the form of leaf springs.

Technical result: improved dynamics and strength of the flat wagon, increased

load capacity and service life.
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Fig. 1 — Flat wagon

Fig. 2 — Flat wagon
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Fig. 3 — Flat wagon
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A.10. HOPPER WAGON FOR GRAIN TRANSPORTATION

The utility model relates to carriage building and can be used for rail freight
transportation of bulk cargo that requires protection from precipitation, in particular
grain.

A well-known hopper wagon for the transportation of grain, model 19-752, is
an all-metal self-unloading, bunker type, the design of which consists of a carriage
module containing two biaxial bogies, an automatic coupler module, a braking
equipment module, a frame module with x two pivots, two middle intermediate
beams and a body module containing two side walls having a sheathing and a frame,
including an upper frame and vertical posts, and two end walls, having a sheathing
and a frame consisting of a frame. upper, side and intermediate pillars. There are also
loading hatches in the roof of the wagon, and six unloading bins, three on each side,
in the floor of the wagon.

The disadvantages of this design are as follows: a hopper wagon for transporting
grain of this model is characterized by an unreasonably insufficient load capacity and
a reduced service life due to unsatisfactorily lower dynamic and strength loads for
possible load resistance indicators, which causes an increase in the cost of cargo
during their operation on railway networks operation and competitiveness of railway
transport and imposes additional restrictions on the transportation of cargo volumes.

The utility model is based on the task of improving the technical and economic
indicators of a hopper wagon for transporting grain by making parts of the body
module in a stamped way, namely making the side walls and intermediate pillars of
the side walls in a solid, stamped way, with additional stiffeners; making end walls
and end posts in a continuous, stamped manner, with additional stiffening ribs;
execution of the wagon roof in a continuous stamped manner with additional

stiffening ribs. The introduction of new features in interaction with the known ones

344



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

ensures the appearance of damping in the body module structure, which implements
in it the principle of adaptive perception of operational loads in loaded or unloaded
states, which, as a consequence, improves the dynamics and strength of a hopper
wagon for transporting grain and reduces weight. material for the manufacture of a
hopper wagon for transporting grain, simplifying the technological process of
manufacturing a hopper wagon for transporting grain, increasing the carrying
capacity and its service life.

The objective is achieved by the fact that in a hopper wagon for transporting
grain containing bogies, automatic couplers, braking equipment, a frame module, a
body module with side and end walls, side wall posts, end walls and a roof according
to the utility model, side walls and intermediate posts the side walls are made in a
continuous, stamped manner, with additional stiffening ribs; The end walls and end
pillars are made in a solid, stamped manner, with additional stiffening ribs, and the
roof 1s made in a solid, stamped manner with additional stiffening ribs.

The advantages of the proposed technical solution are improving the dynamics
and strength of a hopper wagon for transporting grain, reducing the mass of material
for the manufacture of a hopper wagon for transporting grain, simplifying the
technological process of manufacturing a hopper wagon for transporting grain,
increasing the load capacity and service life of the wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a hopper wagon for grain transportation, containing bogies 1,
braking equipment 2, automatic coupling devices 3, frame module 4, body module 5,
while the body module (Fig. 2) includes: a stamped side wall 6 with side wall posts 7
and transverse corrugations 8 (also shown in Fig. 3), a stamped end wall 9 with end
wall racks 10, a stamped solid roof with additional stiffeners 11. In Fig. Figure 3
shows a cross-section of a stamped side wall 6 with side wall posts 7, a reinforcing
lining of the side wall post 12, which provides the necessary rigidity of the structure.

The proposed hopper wagon for grain transportation works as follows. To form
a freight railway train, a hopper wagon for transporting grain is connected to the rear
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wagon and the front wagon (or locomotive) through the automatic coupler 3 and to
the brake line of the train through the brake equipment 2 (Fig. 1). As a result of
loading the body module with cargo, the corresponding loads are transferred to the
frame module 4(figure 1) and then on the axis of the wheel pairs of two biaxial
bogies 1 (Fig. 1). In this case, the bulk cargo is also distributed and acts on the side
walls and intermediate racks of the side walls, on the end walls and end racks and on
the roof of the wagon, which made in a continuous stamped manner with additional
stiffening ribs. During the movement of a freight train, the greatest loads on the
structural elements of a hopper wagon for transporting grain occur in extreme
situations. For example, significant inertial loads during emergency braking acting on
the front end wall with the pillars of the body module.

The use of the proposed technical solution will improve the dynamics and
strength of a hopper wagon for transporting grain, reducing the mass of material for
the manufacture of a hopper wagon for transporting grain, simplifying the
technological process of manufacturing a hoper wagon for transporting grain,

increasing the carrying capacity and service life of the wagon.

Utility model formula
A hopper wagon for transporting grain, containing bogies, braking equipment,
automatic couplers, a frame module, a body module, characterized in that the side
walls and intermediate pillars of the side walls are made solid, stamped, with
additional stiffeners; The end walls and end pillars are made in a solid, stamped
manner, with additional stiffening ribs, and the roof is made in a solid, stamped

manner with additional stiffening ribs.

Essay

Utility model object: hopper wagon for grain transportation.
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Scope of application: railway transport, the utility model can be used in the
design of a hopper wagon for transportation of bulk cargo that requires protection
from precipitation, in particular grain.

The essence of the utility model is that in a grab wagon for transporting grain,
containing bogies, braking equipment, automatic coupling devices, a frame module, a
body module in which the side walls and intermediate pillars of the side walls are
made solid, stamped, with additional stiffeners; The end walls and end pillars are
made in a solid, stamped manner, with additional stiffening ribs, and the roof is made
in a solid, stamped manner with additional stiffening ribs.

Technical result: improving the dynamics and strength of a hopper wagon for
transporting grain, reducing the mass of material for the manufacture of a hopper
wagon for transporting grain, simplifying the technological process of manufacturing

a hopper wagon for transporting grain, increasing the load capacity and service life of

the wagon.
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Fig. 1 — Hopper wagon for transporting grain
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Fig. 2 — Hopper wagon for transporting grain

T A LA L
o
4
,/(
- 4
(oA T A RO A I

Fig. 3 — Hopper wagon for transporting grain
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A.11. UNIVERSAL COVERED WAGON

The utility model relates to carriage building and can be used for freight rail
transportation that requires protection from precipitation.

A universal covered wagon for the transportation of goods requiring protection
from precipitation, model 11-217, is known; the all-metal wagon has an outer metal
lining and a wooden inner lining, the design of which consists of a carriage module
containing two biaxial bogies, a brake equipment module, a frame module with a
vertebral , two end, two pivot, two main and seven intermediate weft beams and a
body module, which contains two side walls with sheathing and a frame including
vertical posts, two end walls and a frame including resistant intermediate ones and a
solid metal roof. Characterized by loading through side doors, sunroofs and
unloading through side doors.

The disadvantages of this design are as follows: the universal box wagon of this
model is characterized by an unreasonably insufficient load capacity and a reduced
service life due to unsatisfactorily lower dynamic and strength loads, which causes an
increase in the cost of cargo transportation during their operation on railway
networks. railway transport and imposes additional restrictions on the transportation
of cargo volumes.

The basis of the utility model is the task of improving the technical and
economic indicators of a universal covered wagon by making parts of the body
module in a stamped way, namely, making the side walls and intermediate pillars of
the side walls in a solid, stamped way, with additional stiffeners; making end walls
and end posts in a continuous, stamped manner, with additional stiffening ribs;
execution of the wagon roof in a continuous stamped manner with additional
stiffening ribs. The introduction of new features in interaction with known ones

ensures the appearance of damping in the body module structure, which implements
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in it the principle of adaptive perception of operational loads in loaded or unloaded
states, which, as a consequence, improves the dynamics and strength of a universal
covered wagon, reducing the mass of material for the manufacture of a universal
covered wagon , simplification of the technological process of manufacturing a
universal covered car, increasing the carrying capacity and its service life.

The task is achieved by the fact that in a universal covered wagon containing
bogies, automatic coupling devices, braking equipment, a frame module, a body
module with side, end walls, side wall posts, end walls and a roof according to the
utility model, side walls and intermediate side wall posts are completed continuous,
stamped method, with additional stiffening ribs; The end walls and end pillars are
made in a solid, stamped manner, with additional stiffening ribs, and the roof is made
in a solid, stamped manner with additional stiffening ribs.

The advantages of the proposed technical solution are improving the dynamics
and strength of a universal covered wagon, reducing the mass of material for the
manufacture of a universal covered wagon, simplifying the technological process of
manufacturing a universal box wagon, increasing the carrying capacity and service
life of the wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a universal covered wagon containing bogies 1, braking
equipment 2, automatic couplers 3, frame module 4, body module 5, while the body
module (Fig. 2) includes: a stamped side wall 6 with side wall posts 7 and transverse
corrugations 8 (also shown in Fig. 3), a stamped end wall 9 with end wall racks 10, a
stamped solid roof with additional stiffeners 11. In Fig. Figure 3 shows a cross-
section of a stamped side wall 6 with side wall posts 7, a reinforcing lining of the side
wall post 12, which provides the necessary rigidity of the structure.

The proposed universal box wagon works as follows. To form a freight railway
train, a universal covered wagon is connected to the rear wagon and the front wagon
(or locomotive) through the automatic coupler 3 and to the brake line of the train
through the braking equipment 2 (Fig. 1). As a result of loading the body module
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with cargo, the corresponding loads are transferred to the frame module 4(figure 1)
and then on the axis of the wheel pairs of two biaxial bogies 1 (Fig. 1). In this case,
the bulk cargo is also distributed and acts on the side walls and intermediate racks of
the side walls, on the end walls and end racks and on the roof of the wagon, which
made in a continuous stamped manner with additional stiffening ribs. During the
movement of a freight train, the greatest loads on the structural elements of a
universal covered wagon occur in extreme situations. For example, significant inertial
loads during emergency braking acting on the front end wall with the pillars of the
body module.

The use of the proposed technical solution will improve the dynamics and
strength of a universal covered wagon, reduce the mass of material for the
manufacture of a universal covered wagon, simplify the manufacturing process for a

universal covered wagon, increase the load capacity and service life of the wagon.

Utility model formula
A universal covered wagon containing bogies, braking equipment, automatic
couplers, a frame module, a body module, characterized in that the side walls and
intermediate pillars of the side walls are made solid, stamped, with additional
stiffeners; The end walls and end pillars are made in a solid, stamped manner, with
additional stiffening ribs, and the roof is made in a solid, stamped manner with

additional stiffening ribs.

Essay

Utility model object: universal carriage.

Scope of application: railway transport, the utility model can be used in the
design of a universal covered wagon for transporting goods that require protection
from atmospheric influences.

The essence of the utility model is that in a universal covered wagon containing
bogies, braking equipment, automatic couplers, a frame module, a body module in
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which the side walls and intermediate pillars of the side walls are made solid,
stamped, with additional stiffeners; The end walls and end pillars are made in a solid,
stamped manner, with additional stiffening ribs, and the roof is made in a solid,
stamped manner with additional stiffening ribs.

Technical result: improving the dynamics and strength of a universal covered
wagon, reducing the mass of material for the manufacture of a universal covered
wagon, simplifying the technological process of manufacturing a universal covered

wagon, increasing the carrying capacity and service life of the wagon.
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Fig. 2 — Universal covered wagon
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Fig. 3 — Universal covered wagon
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A.12. RAILWAY TANK WAGON

The utility model relates to railway transport, to the modernization,
construction and operation of freight wagons and can be used for technical control
and improving the safety of carriage movement.

A railway tank is known, containing bogies, a frame, braking equipment,
automatic coupling devices, a boiler, fastening the boiler to the frame and supports of
the boiler on the frame.

The disadvantages of this design are as follows: a railway tank for liquid cargo
is characterized by unreasonably reduced overhaul intervals, unsatisfactory motion
dynamics and a reduced service life due to unsatisfactorily lower dynamic and
strength load resistance indicators, which determines their operation on networks.
decrease in the profitability of operation and competitiveness of railway transport and
imposes additional restrictions on the transportation of cargo volumes

The utility model is based on the task of improving a railway tank for the
transportation of liquid cargo by having an autonomous module for diagnosing the
quality of movement of the wagon, introducing hinged elements into supporting
structures instead of existing fixed elements (solid beams, welded joints), namely the
presence of a hinged element in the middle part spinal beam; the presence of hinge
elements at the junction of the end and pivot beams. The introduction of new features
in interaction with known ones provides the opportunity to constantly diagnose traffic
quality indicators that characterize the technical condition of the wagon and track; the
appearance of additional degrees of freedom of the design and implements in it the
principle of adaptive perception of operational loads in loaded or unloaded states,
which, as a consequence, improves the dynamics and strength of a railway tank for
the transportation of liquid cargo, ensures a reduction in material consumption and,

accordingly, increases the load capacity for liquid cargo.

354



REDUCING THE ACCIDENTAL RATE OF WAGONS BY IMPROVING THE SYSTEM FOR  Fomin O., and
ASSESSING THEIR TECHNICAL CONDITION = Prokopenko P.

The task is achieved by the fact that in a railway tank wagon for the
transportation of liquid cargo, containing bogies, automatic couplers, braking
equipment, a frame with vertebral, end and pivot beams according to the utility
model, an autonomous module for diagnosing indicators of the quality of movement
of the wagon is installed, consisting of a recorder - transmitter, accelerometers (which
are installed on the unsprung and sprung parts of the wagon), GPS transmitter and
power module with an articulated piezoelectric element; existing hinge element in the
middle part of the spinal beam; the existing hinge element at the junction of the
center beam with: end and pivot beams.

The advantages of the proposed technical solution are the constant diagnosis of
the technical condition of the wagon, improvement of the dynamics and strength of
the railway tank for the transportation of liquid cargo, increase in carrying capacity
and service life.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a railway tank wagon for the transportation of liquid goods,
containing bogies 1, a frame 2, a boiler 3, accelerometers 4, a recorder-transmitter 5,
while the railway tank wagon for the transport of liquid goods includes (Fig. 2) a
frame with a vertebral (with a hinged eso-element in the middle part 6), end 7 and
pivot beams 8, in which there are hinge joints 9.

The proposed railway tank for liquid cargo operates as follows.

During movement, vertical and horizontal forces from the boiler are
transmitted to a center beam with a hinged piezoelectric element, which is handedly
connected to the end and pivot beams (Fig. 2, Fig. 3), which partially absorb
vibration energy and improve dynamics and strength railway tank for transporting
liquid cargo, in turn, the vibrations of the articulated piezoelectric element converts
the vibration energy into electrical energy and accumulates in the power module of
the autonomous diagnostic module (Fig. 1). When moving, accelerometers 4 and a
recorder-transmitter 5 record indicators of the wagon's movement dynamics and
provide constant monitoring of the technical condition of the wagon and track.
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The use of the proposed technical solution will make it possible to constantly
diagnose indicators of the quality of wagon movement that characterize the technical
condition of the wagon and track, improve dynamics and strength indicators, increase
the carrying capacity of a railway tank for transporting liquid cargo, which is
especially important for wagons after long-term operation or after repairs and
upgrades.

Utility model formula

A railway tank for the transportation of liquid cargo, containing bogies,
automatic coupling devices, braking equipment, a boiler, a frame with vertebral, end,
pivot beams, characterized in that the existing autonomous module for diagnosing
indicators of the quality of movement of the wagon, consisting of a recorder-
transmitter, accelerometers (installed on unsprung and sprung parts of the wagon),
GPS transmitter and power module with a hinged piezoelectric element; existing
hinge element in the middle part of the spinal beam; the existing hinge element at the

junction of the center beam with: end and pivot beams.

Essay
Utility model object: railway tank wagon.
Scope of application: railway transport, the utility model can be used in the
design of a railway tank wagon for the transportation of liquid cargo.

The essence of the utility model: A railway tank car for the transportation of
liquid cargo, containing bogies, automatic couplers, braking equipment, a boiler, a
frame with an articulated center beam, end, pivot beams, in which the fixed joint is
replaced by a hinged joint and an existing autonomous module for diagnosing quality
indicators carriage movement

Technical result: constant diagnosis of traffic quality indicators characterizing
the technical condition of the tank wagon and track, improvement of dynamics and
strength indicators, increased load capacity and service life of the railway tank wagon
for the transportation of liquid goods.
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Fig. 2 — Railway tank
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A.13. RAILWAY GOND POCKET WAGON

The utility model relates to railway transport, to the modernization,
construction and operation of freight wagons and can be used for technical control
and improving the safety of carriage movement.

A specialized gondola wagon with a solid body is known, the design of which
contains bogies, automatic coupling devices, braking equipment, a body, a frame
with center, end, pivot, and intermediate beams.

The disadvantages of this design are as follows: gondola wagons of this model
are characterized by unreasonably reduced overhaul intervals, unsatisfactory motion
dynamics and a reduced service life due to unsatisfactorily lower dynamic and
strength load resistance indicators, which determines their operation on railway
transportation networks operation and competitiveness of railway transport and
imposes additional restrictions on the transportation of cargo volumes

The utility model is based on the task of improving a solid-bottomed gondola
wagon by having an autonomous module for diagnosing the quality of movement of
the wagon, introducing hinged elements into supporting structures instead of existing
fixed elements (solid beams, welded joints), namely the presence of a hinged element
in the middle part of the spinal beam; the presence of hinge elements at the junction
of the center beam with: end, pivot and intermediate beams. The introduction of new
features in interaction with known ones provides the opportunity to constantly
diagnose traffic quality indicators that characterize the technical condition of the
wagon and track; the appearance of additional degrees of freedom of the design and
implements in it the principle of adaptive perception of operational loads in a loaded
or unloaded state, which, as a consequence, improves the dynamics and strength of a
solid-bottomed gondola wagon, ensures a reduction in material consumption and,

accordingly, increases the load capacity and increases the service life of the wagon.
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The objective is achieved by the fact that in a solid-bottomed gondola wagon
containing bogies, automatic coupling devices, braking equipment, a body with side
and end walls, a frame with backbone, end, pivot, intermediate beams according to
the utility model, there is an autonomous module for diagnosing the quality indicators
of the wagon's movement, consisting of recorder-transmitter, accelerometers (which
are installed on the unsprung and sprung parts of the wagon), GPS transmitter and
power module with a hinged piezoelectric element; existing hinge element in the
middle part of the spinal beam; There are hinge elements at the junction of the center
beam with: end, pivot and intermediate beams.

The advantages of the proposed technical solution are the constant diagnosis of
the technical condition of the wagon, improvement of the dynamics and strength of a
solid-bottom gondola wagon, an increase in the carrying capacity and service life of
the wagon.

The essence of the utility model is explained by illustrative material, where in
FIG. Figure 1 shows a solid-bottom gondola wagon containing bogies 1, a frame 2, a
body with side and end walls 3, accelerometers 4, a recorder-transmitter 5, while the
solid-bottom gondola wagon includes (Fig. 2) a frame with a spinal (with articulated
piezo) 6), end 7 , intermediate 8, pivot beams 9, in which there are hinge joints 10.

The proposed solid-bottom gondola wagon works as follows.

When moving, vertical and horizontal forces from the body are transmitted to a
spinal beam with a hinged piezoelectric element, which is pivotally connected to the
pivot, end, and intermediate beams (Fig. 2), which partially absorb vibration energy
and improve dynamics and strength in turn, the vibrations of the articulated
piezoelectric element convert the vibration energy into electrical energy and
accumulate in the power module of the autonomous diagnostic module (Fig. 1).
When moving, accelerometers 4 and a recorder-transmitter 5 record indicators of the
wagon's movement dynamics and provide constant monitoring of the technical

condition of the wagon and track.
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The use of the proposed technical solution will make it possible to constantly
diagnose indicators of the quality of wagon movement that characterize the technical
condition of the wagon and track, improve dynamics and strength indicators, increase

the load capacity of a solid-bottomed gondola wagon and service life.

Utility model formula

A solid-bottom gondola wagon containing bogies, automatic coupling devices,
braking equipment, a body, a frame with vertebral, end, pivot, intermediate beams,
characterized in that the existing autonomous module for diagnosing indicators of the
quality of movement of the wagon, consisting of a recorder-transmitter
(accelerometer) is installed on unsprung and sprung parts of the wagon), GPS
transmitter and power module with a hinged piezoelectric element; existing hinge
element in the middle part of the spinal beam; There are hinge elements at the

junction of the center beam with: end, pivot and intermediate beams.

Essay

Utility model object: railway solid-bottom gondola wagon.

Scope of application: railway transport, the utility model can be used in the
design of a solid-bottom gondola wagon for the transportation of goods that do not
require protection from atmospheric influences.

The essence of the utility model: a solid-bottom railway gondola wagon
containing bogies, automatic coupling devices, braking equipment, a body including
a frame with an articulated center beam, end, pivot, intermediate, beams that have
hinged connections and an existing autonomous diagnostic module for the wagon
indicator.

Technical result: constant diagnosis of traffic quality indicators characterizing
the technical condition of the tank wagon and tracks, improvement of dynamics and

strength indicators, increase in load capacity and service life.
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Fig. 1 — Railway gondola wagon with solid bottom
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Fig. 2 — Railway gondola wagon with solid bottom
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The monograph will be valuable for researchers, designers, and engineers engaged in
activities associated with reducing the accident rate of railway cars through the enhancement of
systems assessing their technical condition. Specifically, it addresses issues related to the utilization
of laboratory cars during full-scale tests for evaluating motion quality, acceptance, and
commissioning of railway rolling stock. However, the current state of measurement equipment
development enables the abandonment of such laboratory cars in favor of mobile hardware-software
complexes during dynamic testing of rolling stock units in most cases.

The organization of freight train traffic in Ukraine is a critical factor in integrating the
country's railway transport into the European system. Currently, a situation has arisen that demands
a significant upgrade of the freight wagon fleet with modern wagons to meet the requirements of
freight transportation. Another substantial drawback of Ukraine's railway transport is the speed
limitation for trains with wagons having reduced tare weight, impacting the speed of rail freight
transport. Therefore, there is an immediate need to improve the methodological and software
support, along with testing tools, for evaluating the performance and safety indicators of such
wagons. Due to their unsatisfactory dynamic behavior, a specific group of freight wagons, such as
platform wagons, has a speed limit of 60 km/h, negatively affecting rail freight speed.
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book also presents the outcomes of prior theoretical and practical works, including an analysis of
railway traffic safety issues and existing systems for determining motion quality indicators. A
proposed mobile system for determining the motion quality indicators of wagons in operation and a
complex of hardware, software, and mathematical solutions for determining the motion quality
indicators of wagons are included. Concepts of freight wagons with improved motion quality
characteristics are also discussed.

The book can serve as a textbook for the training of bachelor's, master's, and doctoral students
in various specialties related to transport mechanics, including railway transport, transport
technologies, mechanical engineering, materials science, and others.
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