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Abstract The article presents the results of experimental studies of the impact of long-term operation (over 20
years) on the load-bearing capacity of freight cars. It has been established that the degradation of 09G2S steel
manifests itself in a critical decrease in impact toughness (to 7—40 J/cm? at -40°C) while maintaining standard strength
indicators.A finite element model has been developed and verified by field tests with an error of up to 10%. The need to
adjust the standard reserve coefficients for wagons with an extended service life has been substantiated.
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Anomauia Y cmammi npedcmaeneno pe3ynbmamiu eKCNePUMEHMATbHUX OO0CTIONCEeHb 6NAUBY MPUAoi
excnayamayii (nonao 20 pokie) Ha HeciéHy 30amHICb B8AHMANCHUX 8a20HI8. Bcmanoeneno, wo oecpadayis cmani
09I'2C nposgrnaemvbcs y KpumuuHOMY 3HUdMCEHHI yoaphoi &'askocmi (00 7—40 [owc/cm? npu -40°C) npu 30epesicenni
HOPMOBAHUX NOKA3HUKI6 MiyHocmi. Po3pobneno  cKiHueHHO-eneMeHmHy MoOenb, 8epupikosany HamypHuMi
sunpobysanusamu 3 noxubrorw 0o 10%. Obrpynmosano HeoOXiOHicms KOPU2Y8aHHs HOPMAMUSHUX Koeiyicumie 3anacy
O/151 6A20MI6 3 NOOOBHCEHUM TEPMIHOM CTLYHCOU.

Kniouogi cnoea: mpancnopmui mexnonozii; pemMonm, 6aHmMadcHull 6a20H;, KOMR 10mepHe MOOenio8ants, pama
Ky308a; yeHmpaibHa 0anika; SunpoOyeaHHa Ha yo0ap, XapakmepucmuKu Mamepianie; 3anUMKOSUll mepMiH
excniyamayii; deepadayis cmani

Introduction

The current state of the freight car fleet is characterized by a critical level of wear and tear, which threatens the
safety of transportation. The main problem is the lack of accurate methods for assessing the technical condition of load-
bearing systems that would take into account the physicochemical degradation of the metal. During long-term
operation, frame and body materials are exposed to corrosion, fatigue and cyclic temperature changes. This leads to a
change in the yield strength, plasticity and toughness of steel, which is not taken into account in the passport
characteristics of the car.

Research results
The calculation was carried out using the finite element method. The finite element model of the supporting
structure of the gondola is shown.

Fig.1 Cross-section layout and location strain gauges on gondola elements



Based on the analysis of the maximum stresses in the transverse beams of the gondola frame, the following
conclusions can be drawn:

e Inthe range from 0.4 to 0.8 MNThe highest stresses occur in the end beams — 59.3 MPa (loaded), in
the pivot beams — 63.6 MPa (loaded), in the fourth transverse beam — 84.7 MPa (loaded).

e Inthe range from 1.2 to 1.6 MNThe highest stresses occur in the end beams — 115.6 MPa (loaded), in
the pivot beams — 115.9 MPa (loaded), in the fourth transverse beam — 153.9 MPa (empty).

e In the range from 0 to 0.4 MNThe highest stresses occur in the end beams — 31.3 MPa (loaded), in
the pivot beams — 36.9 MPa (loaded), in the fourth transverse beam — 54.2 MPa (loaded).

As the impact force increases, the stresses in the crossbeams increase more in the empty mode than in the loaded
car. The maximum stresses in the collision in the empty state occur in the fourth and third crossbeams, and in the loaded
mode - in the third and second crossbeams.

In the range from 0.8 to 1.2 MNThe highest stresses occur in the end beams — 88.1 MPa (loaded), in the pivot
beams — 89.5 MPa (loaded), in the second transverse beam — 116.9 MPa (loaded).

In order to determine the strength of the structure when struck with a force of 3.5 MN, the test was carried out
during daylight hours. On two parallel tracks specially prepared for the experiment, 29 strain gauges were installed to
record deformations at control points. The sensor layout is shown in Figures 2

Fig. 2— Installation locations of strain gauges on the supporting elements of the experimental gondola [3]

To compare the results obtained from the geometric model with the results of experimental tests, control points
were selected in the areas that underwent improvement. Their numbers corresponded to the arrangement of strain
gauges on the connecting beam (Equivalent stresses for design modes | and 111 are given in Table 1.

Table 1 - Comparative analysis of equivalent stresses in a transverse beam [4]

Point | Stress during calculation, MPa | Test stress, MPa | Difference, %
17 9,25
44.3 39.9 8
23 50.7 45.6 9.89
59
24 54.9 49.4 10,0
02
26 44.3 39.9 9,86
9
29 50.7 45.6 9,26
8
Conclusions

Studies confirm that after 25 years of service, steel plasticity drops by 15-20%, increasing the
risk of brittle failure. Corrosive and fatigue processes act together, especially in pivot beams with
high stress concentration. For wagons over 20 years old, more frequent flaw detection is advised.



After 30 years, the endurance limit of 09G2S steel decreases by 10-15%, and impact toughness
at subzero temperatures halves. The degradation models are reliable (error <8%). Field tests
validate the findings, which have been well received by industry experts.
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