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FORECASTING SAFE OPERATION OF ROLLING STOCK BASED ON

THE RESOURCE OF ITS SUPPORTING STRUCTURES

E.S. Oganyan, V.S. Kossov, G.M. Volokhov, A.S. Gasyuk
(JSC VNIKTI, Kolomna, Russian Federation)

Abstract. The strength of locomotive and wagon structures needs to be verified not only by safety
margins but also by durability (resource) calculations that take into account technical, design, and
operational factors that determine the functionality and safety of structures with specified levels
of risk (reliability). Determining the safe service life of rolling stock is a pressing task in the rapid
development of the railway industry.

Keywords: supporting structures, strength, fatigue resistance, resource, operational safety, testing,
finite element modeling.
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The issues of resource, service life, and conditions for reaching the limit states of railway rolling
stock elements necessitate the improvement of traditional approaches to ensuring their safe
operation. Solving these problems is possible by assessing the actual condition of the object,
considering accumulated cyclic, corrosion, wear, and other types of damage that determine the
onset of its limit state during the stages of the life cycle [1].

Therefore, the scientific and technical justification of the safe service life of an object assigned by
the developer in technical conditions based on the resource (limit state), using calculation,
experimental, and operational data with the required reliability, is currently relevant.

In this regard, resource and service life are techno-economic tasks that need to be primarily
addressed during the object's development stage. The resource should be calculated during the
design stage, ensured during the production stage, and maintained during the operational stage.
Only such an approach contributes to reducing the overall life cycle cost of the technical system
(Figure 1). The structure of resource indicators is presented in the diagram (Figure 2).

SaTpaTbl

[
Vi A — TpaguuMoHHOE
pacnpeaene-Hve
SA - ZS!- =100 % 3aTpart
i I
Barpatel T,
[
| I1 I11 v Vv Vi
— o/ . 0,
SE = (50 Yo =~ 80 D)SA B — nepcnexkTuBHOE
pacnpepensHne
Iarpar
oy
T+ = (10 % + 12 %), | Ty + Ty = (B % + 10 %)1, Ty = (75 % + 80 %) Ty,

T = (2 % + 5 %)Ty /

The life cycle of a technical system includes the following stages:

Stage | - Project task formulation and determination of initial resource, techno-economic
justification, development of technical specifications (including the time component 10), I Stage
Il - Detailed design (including the time component t,), Stage 1l - Detailed design (including the
time component 1), Stage IV - Testing and experimental operation (including the time component
Ta), Stage V - Operation (including the time component 1,), Stage VI - Decommissioning and
disposal (including the time component ty).

Figure 1 - Relative distribution of costs for resource analysis and provision across stages (I-V1)
of the life cycle according to State standard R 57445-2017 [2]: Sa - costs for traditional resource
provision across life cycle stages; Ss - costs for prospective resource provision across life cycle

stages; tic - duration of the life cycle.
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Figure 2 - Structure of resource indicators for railway rolling stock according to State standard R
57445-2017: 7, — object's resource; 7,*'— extended resource; 7,° — calculated resource; 7,* —
assigned resource; [zp] — allowable resource; n.— resource margin

The resource of a complex technical system, such as the supporting structures of rolling stock, is
determined by the resource of its base (critical) elements and is represented by the operating time
until the limit state of such objects.

Just like in other engineering sectors, digital calculation methods for assessing the damageability
and durability of rolling stock (RS) structures are actively being implemented in railway transport.
Table 1 presents the criteria for evaluating the significance of allowable stresses and safety factors
for load-carrying capacity and fatigue resistance of materials within the frameworks of models
adopted in current regulatory documents for confirming the strength and safety of objects [3].

Table 1. Criteria used for strength assessment

RSC;IOI'CT(Q Allowable Stresses based on Allowable Safety
| Mode 111 Mode Factor [2]
: n= 91 >2
Locomotives | o.<[o]=0900c0, o,<[o]=0550,, —=
KU'0H3+W'Gm
. o,
Railway o < [o]- 090.051 o < [o]- 060.05s n= >14...18
Cars K, o,

Ipumeuanue: o> — equivalent (according to von Mises) stresses in the structure;

o0,2 — material yield strength; c_1 — standard specimen endurance limit; K — endurance limit
reduction factor; c.,— a operational cyclic stress amplitudes; om— mean stress of the cycle;
v — cycle asymmetry sensitivity factor.

Figure 3 illustrates an approach to assessing fatigue reserves and their relationship with the
potential resource based on the fatigue curve.

The damageability of structures is often associated with detected defects, which manifest as stress
concentrations, technological imperfections, and operational factors.

Table 2 presents the results of strength calculation and variability of the estimated resource of the
side frame of a freight car bogie depending on the allowable technological defectiveness, simulated

in the calculation as a crack-like defect. Based on the aforementioned approaches and models,
requirements for defectiveness and imperfections of the structure can be prioritized.
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Figure 3. Assessment of the resource of the side frame of a freight car bogie during the design
stage with probabilities of failure at 1% and 5%.

Table 2. Resource parameters of the cast side frame of the bogie considering factors of
technological defectiveness.

Resource
Years of Service
at a mileage of
100,000 km/year
No technological defects, nominal 6
cross-sectional dimensions 66-10 26,0
Residual stresses after welding cast
defects in the R55 radius without 13-106 3,8
subsequent heat treatment
Internal casting defect in the R55
zone (gas void measuring 15x5x5 mm at 5,8-10° 1,7
a depth of 1/3 of the wall thickness)

Defectiveness Factors Number of Load
Cycles to Failure

In Figure 4, an example of assessing the residual resource of structural components of rolling stock
is presented, specifically the calculation of the remaining time and number of trips for the accident-
free operation of the frame of the ER200 electric train (Table 3). This task was addressed by the
Joint-Stock Company "VNIKTI" (All-Russian Scientific Research and Design-Technological
Institute) in collaboration with the IMASH RAS (A.A. Blagonravov Institute of Machine Science
of the Russian Academy of Sciences) to evaluate the possibility of safe operation of the ER200
beyond its designated service life (after 30 years of operation).

293



a. Mlla
H.III|!!—1JH.|.'|EHH ]|I."|1IID|_IHM|!|’|IL.I.II]II'll' COCTONRHHE
PaMbI TENEHER

Harpyasm o1 Kyaona

1Hﬁ_uﬂﬂﬂuu

I\:PFETEE"IE‘EE{EIE‘ HTEMEHTHI KOHCTPYKIIHH
(KPOHINTEHHE OVECOBOTD MOBOTKA)

Figure 4. Assessment of the residual resource of ER200 bogie frames for the Saint Petersburg -
Moscow section
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Table 3. Calculation results of the residual resource of the bogie frame considering the presence
of residual stresses in welded joint zones

Welded Joint Zones in the Residual Stresses, N RCEolliee
i umber
Bogie Frame MPa of Trips Years
i - 240 320 3,1
Mounting bracket for traction 00 260 1
motor 150 o5 2
240 308 3,0
Bogie pivot bracket 200 420 40
150 544 5,0

For components operating in the high-cycle and gigacycle fatigue loading range (such as axles,
wheels, bogie frames, etc.), approaches that describe the right-inclined branch of the fatigue curve
should be used. It is assumed that a relationship between the slopes of the right (m2) and left (my)
branches of the fatigue curve has been established for real objects, which can be described by a
formula of the following form:
o,™+N; = const.

Depending on the desired reliability assessment of the resource value, the fatigue curve of a
component can be equidistantly lowered (Figure 5) for the endurance limit value calculated
considering the quantile of the normal distribution (Up) and the coefficient of variation (v—1) using
the following formula:

0-1a =@ (Up-v-1).
In this case, the loading parameters and fatigue resistance characteristics obtained through actual
testing of the components are used. The presented requirements and criteria for the strength,
resource, and safety of objects and their critical elements throughout their lifecycle are provided
by the developed Joint-Stock Company "VNIKTI" in collaboration with IMASH RAS according
to State standard R 57445-2017 [2].
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Figure 5. Characteristics of loading and fatigue resistance of the component: m1 and m2 -
indicators of the slope angle of the fatigue curve; No, Ng— test bases in the high-cycle and
gigacycle fatigue regions, respectively; o-14, @~ endurance limits of the component at non-
failure probabilities of P = 0.50 and P = 0.95, respectively

In addition to conducting physical experimental research using specialized and universal test
equipment at JSC "VNIKTI," numerical modeling methods are widely employed to simulate the
operational loading of rolling stock (RS). These methods, along with the corresponding approaches
for resource assessment (such as bogie frames, wheelsets, and track elements), utilize the software
packages MSC.Adams Rail and UM (Figure 6) [4]. Solid-state models of locomotives or wagons
may include elastic finite element fragments, such as bogie frames, allowing for the calculation of

both loading conditions and the growth of crack-like defects.
Figure 7 presents a generalized schematic structure of the developed methodology for analyzing

the risks associated with the structural elements of RS. This methodology aims to integrate allthe
aforementioned models while considering the probabilistic distribution of loading characteristics,

strength, technological factors, and operational factors.
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Figure 6: Numerical modeling of operational loading of rolling stock crew parts based on
interconnected "train-track™ models: a - locomotive model; b - bogie model; ¢ - wagon model; d -
fragments of stress amplitude changes in the locomotive and wagon; e - moving train model

bokoepzaa Pana TeJCHEEI IPYI0E0T 0 BEaT OHA

- ™
[ I Pacuer HOC, nouvck IV PacueT BEpOATHOCTH
HBFD}'KEHHITIK 30H — paszpyweHna (pucka)
. : y
— i l
e ! FULD |
PamMa TenemKm . o file. 1
anekTponoesfa 3P200 B L1 =
RS
% 2 Pl
- £y o
2
i Fil, ry
L1

|' IIX PacdeT KMHETHKW |

AedexTos (TpewmH)

J e —

- S
™, .."l H-\_""'-X_A_
II Al
R et e e [D—t
Figure 7. Generalized scheme of risk analysis for the structural elements of rolling stock

Figure 8 illustrates a test stand for cyclic testing of axles and wheels, along with its virtual
counterpart (as one of the directions of finite element analysis). This setup enables real-time
monitoring, analysis, and adjustment of the loading modes of the tested objects.
Such tests allow for efficient and cost-effective:

— Investigation of the stress-strain state of large-sized and complexly loaded structures;

— Study of stress concentrations (including the use of virtual sensors) in structural
elements, welded and cast parts;

— Modeling of extreme and emergency conditions and types of loading on the object;

— Modeling of combined and individual components and types of mechanical, thermal,
and other influences on the objects under investigation.
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Figure 8. Test stand (a) and its virtual counterpart (b) for fatigue testing of axles and wheels
under cyclic bending.

Overall, the presented approaches provide the ability to reliably predict the technical condition of
rolling stock at different stages of its lifecycle and ensure its safe operation within a specified
period.
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POSSIBLE WAYS TO ASSESS THE FREIGHT CAR WHEEL SET

CONDITION BASED ON DIAGNOSTIC DATA
A.S. Semenova, V.I. Fedorova, A.S. Adadurov
HWALL JSC «ASRIRT», St-Petersburg, Russian Federation

Abstract. The constant development of transport infrastructure is an integral part of the country's
transformation. To keep up and maintain the intensity of traffic flows, it is necessary to constantly
develop transport that can provide fast transportation over long distances while ensuring traffic safety.
The serviceable condition of rolling stock in operation is a prerequisite for its normal maintenance.
Diagnostics of rolling stock components is the most important task for increasing throughput, ensuring
train safety and reducing cases of unscheduled repairs. The most critical component that requires
constant monitoring in operation is the wheel sets. The purpose of this analysis is to identify the
shortcomings of the existing diagnostic system and determine methods for eliminating them. The
article discusses the reasons for uncoupling of cars during current uncoupling repairs, the basic
principles and types of diagnostics that currently exist.

Key words: rolling stock, car, wheel sets, wheel damage, diagnostic model, diagnostic system.
JEL Classification RO1

Introduction

A railway carriage is a technically complex system that requires constant monitoring using diagnostic
tools. The condition of cars is monitored along the route and at the approaches to stations using various
technical diagnostic means. However, even such an integrated approach to diagnostics does not provide
100% detection of defects.

The main goal of the study was to collect information to develop a model of a system for predicting
the condition of the rolling stock wheel set based on complex diagnostic data obtained from various
stationary rolling stock diagnostic systems. To achieve the research goal, it was necessary to analyze
existing cases of car uncoupling and databases formed on railway transport, developed for various
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