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ABSTRACT

In this article, the analysis of the failures occurring in the load-bearing
structures of the industrial locomotives in use in the territory of the Republic of
Uzbekistan is considered. It is known that various types of industrial locomotives are
used in industrial works in the Republic of Uzbekistan today. Currently, locomotives
such as TGM3, TGM4, TGK-2, pulverizing aggregates such as PE2M, PE2U are
used in various industrial enterprises, mining and metallurgical combines, coal
mines. This article analyzes the failures occurring in the load-bearing constructions
of PE2U traction units.

Keywords: industrial locomotives, traction unit, PE2U, load-bearing structure,
Solidworks Simulation, FEM, state of stress.

AHAJIN3 HEUCITPABHOCTEM HECYIIIUX KOHCTPYKIIUI
MPOMBIIIJIEHHBIX JOKOMOTHUBOB

AHHOTAIUA

B Oannoii cmamve paccmompen aunanuz omkazos, GO3HUKANOWUX 8 HECYUUux
KOHCMPYKYUAX NPOMBIUTEHHBIX JIOKOMOMUBOS, IKCHIYAMUPYEMbIX HA MEPPUmMopuu
Pecnyonuku Y36exucman. Hzeecmmno, umo ceecoons 6 Pecnybauke Y3bexucman na
NPOMBIULTIEHHbIX  pabomax UCHOAL3VIOMCA  PA3IUYHblE  MUNbl  NPOMBIULIEHHBIX
Jokomomueos. B nacmoswee epems mennosozvt muna TI'M3, TI'M4, TI'K-2,
mszoevle azpecamvl  muna [I92M, [I232Y ucnonv3yromcs Ha pasiudHulx
NPOMBIULIEHHBIX NPEONPUAMUSAX, 20PHO-MEMATYPSUUECKUX KOMOUHAMAX, Y20JIbHbIX
waxmax. B dannoii cmamve npoeeden amanuz omkazos, GOZHUKAIOWUX 8 HECYUJUX
KOHCMPYKYUsx maeoevix azpecamos [132YV.

Knwuegvie cnosa: npomvluiieHHvie 10KOMOmMUBsl, mszosuviti acpecam, 1132V,
necywutl konempyxyusi, Solidworks Simulation, MKD, nanpsioxcennoe cocmosinue.
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INTRODUCTION

Load-bearing constructions of traction rolling stock structure are subject to frequent
and long-term and rapid effects of cyclic loads during use. The operation of load-bearing
structures in such working conditions causes the formation of fatigue cracks and a
decrease in load- bearing capacity. Fatigue cracks are one of the main reasons for the
failure of load-bearing structures, and as a result affect the safety and reliability of the
movement [1-2].

Traction rolling stock load-bearing structures are made by welding from standard
rolled low-carbon, low-alloy steels. According to their function, they can be in the form
of frame (bogie frame, locomotive main frame), truss (body), plate and shell [1].

The main sources of fatigue from all the impact loads are the cyclic loads that
appear when the rolling stock moves along the uneven part of the road. These dynamic
loads depend on a number of factors (unevenness of the rails, wheel wear, changes in
road properties, etc.), and as a result, they show a random character. Therefore, the
loading mode of the load-bearing constructions of the tortuous movement structure
during movement is not stable, and the process of changing the dynamic stresses
generated in the constructions is not constant [1-2, 3-5].

It is recommended to evaluate the fatigue life of welded load-bearing structures
operating under such loading conditions within the framework of the high-cycle fatigue
model based on the generalized linear hypothesis of fatigue damage under unstable
loading conditions. The currently used fatigue life assessment methods of load-bearing
structures usually do not take into account weld residual stresses. At the same time,
residual weld stresses significantly affect the fatigue life of load-bearing welded
structures under high cyclic loading [1-2].

In this regard, the main frame of the traction rolling stock, the bogie frame, and their
elements are the main nodes that receive strong variable loads during operation. Cyclic
experimental testing of frame constructions by testing samples requires the creation of
new constructions, the time of testing existing constructions is significantly long and does
not always guarantee the choice of a reliable option from the point of view of strength
and construction. In addition, it reduces competitiveness in the modern market economy
in a period of transition to innovative development. As a solution to this problem, it is
possible to introduce into practice the methods of assessing the service life of load-
bearing structures, including complex welded joints, as well as to use software tools and
computer technologies that allow choosing a reasonable structural or technological option
[3-5, 8].

According to the experience of using the rolling stock, most of the cracks start in the
area of the welds. The main reason for the reduction of metal properties in the weld area
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IS wear due to the concentration of thermoplastic welding deformations. These
deformations, which accumulate in the area near the weld or in the vicinity of defects
similar to technological cracks located in one of the weld layers, cause embrittlement of
the material. Such embrittlement of metal in defective areas, combined with residual
stress and elongation, reaches the yield point of the material and causes a decrease in the
load-bearing capacity of welded structures. Tensile residual stresses and embrittlement of
metal in the failure zone lead to failure of metal structures.

Research shows that the main part of the failure of welded joints is due to metal
fatigue. During the use of rolling stock, variable loads such as tensile, compressive,
tensile, torsional and bending moments affect the welded joints of various joints.

The most common of the welded frame constructions are open or closed-section
welded beam constructions from sheets.

The box-shaped structure of the side beams of locomotive bogie frames welded
from sheet elements is shown in Fig. 1 [1].

IR

a)

Figure 1. Constructions used for the bogie frame.
a) open and closed beams; b) box section of the structure.

Method. Today, TGM3, TGM4, TGK-2 diesel locomotives and PE2M, PE2U
traction units are used in industrial enterprises in the territory of the Republic of
Uzbekistan. In this article, we analyze the failures that occur in the load-bearing
structures of PE2U traction units.

Load-bearing structures of PE2U traction units are made of 09G2 low-alloyed
manganese steel by welding [6-11].

Fatigue cracks are the most common failure of PE2U traction unit electric
locomotive main frame and motor-dumpcar main frame. According to diagnostic data,
fatigue cracks occur mainly in the area of welding seams. The cracks are mainly in
the weld areas connected to the ridge beam of the buffer beam (Fig. 2, a), in the weld
areas connected to the ridge beam of the conical support bracket (Fig. 2, b),
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connected to the ridge beam of the transverse beams along with cracks in the weld
areas (Fig. 2, c) and central support, fractures are also observed (Fig. 2, d).

To evaluate the stress-deformation state of the central support node, its model
was created in Solidworks software (Fig. 3, a). To prevent such failures in the future,
a slight change was made to the central support unit (Fig. 3b).

The change is that the thickness of the place where the central support joins the
frame has been increased from 35 mm to 45 mm. Its installation limitations were
taken into account.

Figure 2. The main faults observed in the main frame of the electric locomotive
of the PE2U traction unit.

The stress state analysis of these two different models using the finite element
method is performed and compared using Solidworks Simulation software.
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Figure 3. Models of the central support.

Discussion. The fracture of the central support (Fig. 2, d) indicates a large load
on this node. The central support is cast and cannot be repaired in this condition and
must be recast [11-19]. It should also be said that the central support is not attached to
the frame by welding. Fastening is done by 8 bolts and nuts. This assembly also
accepts the traction, braking forces and body weight generated by the bogie.

The maximum traction force of PE2U traction units is F,,.r = 1200 kN, the

weight of the electric locomotive section is P, = 120. The electric locomotive section
sits on 2 bogies. Each ava has a central support and 2 conical support plates for the
location of the electric locomotive section. So, the vertical load on the central support
is equal to:

P
Pvl = f’ . (1)
The maximum acting force is equal to:
F
Fyy = =%, kN. (2)

2

Results. The calculation of the strength of the central support of the PE2U
traction unit was performed using the finite element method (Fig. 5). For this,
according to the formula (1), a vertical load of P,; = 20 tons and a horizontal load of
F,,, = 600 kN were given to it. Details of the unreinforced and reinforced states of
the finite element model of the central support are presented in Figure 4.

Calculation of the strength of the central support was performed using the finite
element method (Fig. 5). For this, according to the formula (1), a vertical load of
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P,, = 20 tons and a horizontal load of F,,, = 600 kN were given to it. The details of

the first (previous model) and second (reinforced model) models of the [20-27] finite
element model of the central support are shown in Figure 4.

Cetka fletanusalna T X Cerka Jleranmzaums m X

WMA uccnenosanus MT_1 statik™ (Mo ymomanuto-] WMA MCCNEn0BaHuA MT_1 statik” [T yMomaHao-)
JeTandsaumaTun ceTki CeTka Ha TEEpAOM TENE TNeTanizaumnal un ceTki CeTka Ha TEEpaom Tene
Mcnoneayerioe pastiuenie Cerka Ha OCHOBE CMEWEHHOM KPMBKEHEI Hcnonbsyemos pastierie CeTka Ha DCHOBE CMEWSHHOR KPUEHEHE
Touku AkofiMana 409 CETKM BRICOKOro KavecTea | 16 Touek. Touk ArofilaHa 407 CETKM BbIcOkOrD kavecTes | 16 Touer
Makc. pasmen anemenTa 0,063 m Matc. pasmep 3nemenTa 53.21 mm
MuH pazmep 3 nemeHTa 0,00382683 m MuH pazmep 3 nemetra 382683 mm
KavecTeo ceTkM Bricorkan Kauecteo cetkm Bricokan
Beero yanos 108614 Boero yznos 107888
Beero anemerras E7811 Bero anemeHTos 67424
MakcumaneHoe cooTHOWeHKE CTOPOH 8,737 MakcurantHoE COOTHOWEHWE CTOPOH 95645
MNpoweHT 3 nemeHTOE g2 MpolerT 3 neMeHToE Y
C COOTHOWEHMEM CTOPOH < 3 ’ C COOTHOWEHWEM CTOPOH ¢ 3 -
MNpoweHT 3 nemeHT0E 0 MpoweHT 3 neMeHToE 0
 COOTHOWEHHEM cTopoH > 10 C COOTHOWEHKEM cTopoH > 10
TNpoWEHT HoKaKEHHRIX 3 1EMEHTOR 0 TPOWEHT MCKEKEHHRI 3 NEMEHTOR 1]
YHEND UCKAKEHHBIK 3EMEHT OB 0 Yueno HokameHHbIX 3 NEMEHT 0B a
Epema anA saeepweHia ceTri [hb:mm:ss) 00:00:09 Bpera ana saBEplueHHA ceTkM [hhmm:ss) (00:00:09
WA KoMMeloTERE Mma KamnbroTepa
Previous model Reinforced model

Figure 4. Finite element model detailing of the central support.
Figure 5 shows the diagram of the stress state of the finite element model of the
central support.

Previous model Reinforced model

Figure 5. Stress diagram of the central support part.

It is known from the above diagrams that the stress value in the first case was
130 MPa, and in the second case it was 111 Mpa [28-30].
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CONCLUSION.

The proposed model of the central support increases the service life and ensures
reliable operation between repairs.

Finite element models of load-bearing structures allow to carry out static
stability calculations, conduct research, modernize these structures and choose
optimal options.

The created finite element model of the central support allows to determine and
analyze the calculated stresses, displacements and deformation quantities in this
project, to identify high stress areas in the structure and to perform multidimensional
calculations. The program allows to study the stressed-deformed state of the central
support and evaluate the changes that occur during the modernization process, to
determine the optimal methods of increasing the strength during the repair, and to
develop proposals for extending the service life.
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