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Abstract. The technique of the analysis of durability of a cap of a slider of the cart of the car with use of the Russian CAD
APMW in Machine, in the conditions of his operation is presented. Computer modeling includes definition of the operating
loadings; three-dimensional solid-state modeling of assembly of a side slider; modeling of area of contact in the formed cou-
ples of frictions; modeling of the intense deformed condition of a cap and calculation of equivalent tension, and also determi-

nation of the specific pressure operating on a cap of a slider.
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1. Introduction

According to statistical data on routine maintenance of
freight railway wagons, approximately 34% of bogie failures
occur due to the lack of proper clearance monitoring, while
around 9% are caused by damage to the sliding components
[1]. These sliders play a crucial role in limiting the lateral tilt
of the wagon body on the bogies, particularly in curved track
sections, where wind loads and off-center forces act upon the
system. For freight bogies of the 18-100 model, the slider
with clearance serves as a primary functional component. Its
modified version is mounted onto the support of the fas-
tening bracket, acting as a cover element (Figure 1).

Figure 1. Place the installation of slides

2. Materials and methods

The cover of the slider is influenced by the components
of distributed loads with significant force concentration, as
determined by established standards [2]. When assessing the
structural strength of the cover, the calculation is typically
based on its design characteristics without taking into
account variable operational conditions. To address this
limitation, a methodology has been proposed that involves
analyzing the strength of the cover through a 3D model
composed of the contact mechanisms of the lateral slider.
The application of this design-based approach enables
strength assessment under load conditions corresponding to
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the third computational mode, in accordance with the
guidelines outlined in 111 [2].

Load Calculations. Since the slider cover is an integral
part of the press beam assembly, the normative parameters of
the loads applied to it are determined through structural load
calculations [3]. The schematic representation of the applied
forces is shown in Figure 2.
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Figure 2. Computer-mechanical scheme

When the wagon enters a curved section of the track, a
vertical force denoted as P = Pgy begins to act on the slider
cover. As a result of the relative rotation between the wagon
body and the bogie, a longitudinal friction force H arises due
to the frictional interaction.
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Figure 3. The scheme forces affecting skating

The vertical force P acting on the slider cover is deter-
mined based on the calculated values of the vertical compo-
nent resulting from eccentric forces applied to the press beam
of the bogie, denoted as Ps, i.e., P=Ps. The longitudinal fric-
tion force H is calculated using the following formula:
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H=p*P; 1)

Here, p - coefficient of friction between the working sur-
faces of the lateral slider;
P - vertical force acting on the cover, measured in newtons
(N).

For an axial load of 23.5 tons, the calculated value of the
vertical component of the lateral force is Ps=84.4 kKN. When
using a steel cover, the coefficient of friction for a «steel-on-
steel» contact is p=0.18. Accordingly, the longitudinal fric-
tion force is calculated as H=p- Ps=0.18-84.4=15.2 kN.

Based on the generated model data, an initial 3D model is
constructed using a single-parameter tabular control ap-
proach (Figure 4).

Figure 4. Compass model was built in slides

3. Results and discussion

Parameter determination of the 3D model during the as-
sembly of the lateral slider in the curved track section. Dur-
ing the passage through curved track sections, the angular
position B between the bogie and the wagon body is deter-
mined according to the relative placement of the contacting
elements of the lateral slider. The value of the given angle is
calculated as § = 90°—a. The angle a is computed through the
solution of the right triangle AACO using the following for-
mula:

a= arccosL 2
2*r

Here, | — the wagon base length, in meters; r — the radi-
us of curvature of the track section, in meters.

Stress analysis model for the slider cover. The previously
constructed working 3D model of the lateral slider is repro-
cessed for the given curvature radius of the track to deter-
mine the corresponding angle B values. For example, for a
radius of r=150 m, the corresponding angle is p=1.95°. The
results obtained from solid body modeling (Figure 5) using
APMWinMachine [4] form the basis for further detailed
research, which is then loaded into the instrumental envi-
ronment for analysis.

I

Figure 5. Finite elements of the collection grid

Calculation of equivalent stresses. The computational
model for assembling the lateral slider through finite ele-
ments includes the strength analysis of the slider cover: cal-

38

culation of the equivalent stresses (Figure 7a) and the
strength safety factor (Figure 7b). The calculated values of
the stress across the entire model do not exceed 35 MPa,
which satisfies the yield stress requirements [2]. In this case,
the safety factor of the strength calculation is 6.
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Figure 6. The results of a calculation of the strength) of the
power chart; b) strength ratio of the stock chart

Calculation of the contact pressure generated during
friction. In the «wagon-body" system, different versions of
force closure correspond to various angular configurations.
The contact pressure generated during friction is calculated
using the following formula:
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Here, Ps - the load acting on the slider cover (vertical
force generated by eccentric effects), in newtons (N); S - the
contact area, with the contact area being modeled using AP-
MWinMachine tools, which automatically calculates its area
(Figure 7).
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Figure 7. A diagram of the voltage of the collection

The contact area dimensions are 10.18-103m? and when
the pressure Py, = 8.3 MPa, this exceeds the specified norma-
tive value [2]. In this case, the increase in the contact area is
achieved by implementing approved modifications to the
bogie and slider frames of the freight wagons, as well as by
modifying the design of both the bogie and the slider cover.

4. Conclusions

The developed methodology allows for the study of the
main normalized strength indicators of the slider cover of
freight wagon bogies under varying operating conditions
across all ranges. The engineering analysis results, obtained
through solid body modeling, enable the design of an effi-
cient structure starting from the component's structural
phase. The most effective application of the developed meth-
odology is ensured when used within an integrated instru-
mental environment of the CAD/CAE class automated sys-
tem.
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ABTOMATTAHABIPBLIFAH K00aJ1ay KyHeJiepi KypajaapbiMeH BATOH
ap0achIHbIH ChIPFaHAY KAKNAFbIHBIH OCPIiKTIriH ecenrey daicreMeci
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Anparna. [laiinanany mapTTapblH ecKepe OTBIPBIN KYK BarOHAAPBIHBLI KaKMaK ChIPFAaHarbIHBIH OEpIKTIKKe Tanjay
ozicTeMeci KapacThIpbUIFaH. OIICTEMECIHE dCep €TETiH JKYKTEyJepiH aHbIKTaybl, OYHipil ChIpFaHaKThl KYPacTHIPYBIHBIH YII
eJIeMIl KaTThl JeHednl MoAenbieyi, yilkenmic maija OonaThlH Tyiicy ayMakTapblH MOJENbJEYi, KaKIMaKThIH KepHeYJIi-
nedopmanust KYHiH MOJENb/CYl JKOHE KBUBAJICHTTI KEPHEYJICPIH €CeNTeyi, COM CHSKThI KAaKMaK ChIpFaHAaFbIHA dCEp CTETIH
MEHIIIKTI KBICBIMBIH aHBIKTAYhI JKaTaIbl.

Hezizzi co30ep: sazon, cvlpeanay Kaknaavl, bepikmiei, KepHeyi, asmomMammaHnoObipblI2aHn Hco0aay JHcyueci.

MeTtoauka pacucTra mMpovYHOCTH KOJIaKa CKOJb3yHaA TCJIC/KKH BaroHa
cpeacrBaMi CUCTEM aBTOMATU3UPOBAHHOI'O ITPOCKTHPOBAHUSA
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AunHoTtanusi. [IpecrapieHa METOMKA aHaIM3a TPOYHOCTH KOJIMAaKa CKOJIb3YHA TEJEKKU BarOHa C MCIOIb30BAHHEM POC-
cuiickoro CATIP APMWinMachine, B ycnoBusix ero skcmiyaranui. KoMmboTepHOE MOIETUPOBaHKE BKIIIOYAET B cebs ompe-
JieJIeHre EUCTBYIOMINX HATPY30K; TPEXMEPHOE TBEPAOTEIHLHOE MOJICIHPOBaHe cOOPKH GOKOBOTO CKOJBb3YHA; MOJIETHPOBa-
HEe 00JIaCTH KOHTAaKTa B 00pa3yeMbIX Tapax TPEHHs; MOJEIMPOBaHNE HANPSKEHHO-Ie()OPMHUPOBAHHOTO COCTOSHHUS KOJITaKa
U pacueT SKBUBAJICHTHBIX HAIPSDKEHUH, a TAKKe OTpeieJIieHHe YIeIbHOTO TaBIeH s, NEHCTBYIOIIETO Ha KOJIaK CKOJIb3yHa.

Kurouessle cnosa: 6a2on, KoImax ckoab3yHa, NPOHHOCHb, HARPANCCHUE, CUCIEMA ABMOMAMUIUPOBANHO20 NPOCKMUPOGA-
HUsL.
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