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Abstract. Two approaches to the mathematical calculation of corrosion are considered in this paper. The first one is
related to solving the problem of mass transfer of metal ions during their transition from metal to solution, and the
second one is related to the calculation of the electric field of an electrochemical system that occurs at the metal-
solution interface. The purpose of this study is to develop physical and mathematical models to describe corrosion
processes occurring in vehicle structures under the influence of various operational factors. The study is aimed at
predicting the rate and nature of corrosion damage, taking into account the material, environment, and mechanical
loads. Methods. The physicochemical experiment involves laboratory tests to study the influence of various factors
(temperature, humidity, aggressive environments) on the rate and mechanisms of corrosion of model samples of vehicle
materials. Mathematical modeling involves the development and application of mathematical equations and algorithms
to describe and predict the kinetics of corrosion processes depending on operating conditions. Simulation modeling
uses software packages to create virtual models of corrosion processes on vehicle structural elements. Results. An
example of corrosion prediction for a metal surface with a crack in contact with an aggressive cargo is presented.
Scientific novelty. A mathematical model of corrosion prediction, which is associated with the calculation of electric
field parameters, is developed. The final expression was obtained, which allows to calculate the potential at any point
of the plane above the surface (including the surface itself), if the constant C is known. Practical significance. The
obtained values of the corrosion wear rate of the structural elements of the semi-curtain walls were as follows: the
support shelf of the side wall posts —up to 0.467 mm/year, the middle shelf of the post profile — 0.235 mm/year, vertical
sheets of intermediate beams — 0.335 mm/year, horizontal sheet of intermediate beams — 0.235 mm/year, and the lower
strapping of the side wall — 0.235 mm/year.
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AHoTamis. Y cTaTTi po3MISHYTO [Ba MiAXOMM IO MAaTeMaTHYHOTO PO3paxyHKy Koposii. Ilepmmii mo's3ammii i3
PO3B'I3aHHAM 3a/1a4i MacOOOMiHy 10HIB METally IIiJ] 4ac iIXHBOTO MEPEeXOIy 3 METally B PO3UMH, IPYTHil — 3 po3pa-
XYHKOM EJIEKTPUYHOTO TOJS eIeKTPOXIMITHOI CHCTEMH, M0 BHHUKAE HA MEXi MeTal — po3uuH. Mema docniddiceH-
Ha. Metoro 11i€i poO6oTH € po3podka (Pi3uKo-MaTeMaTHIHUX MOZIEIIeH I OMHCY TPOIECiB KOpo3ii, M0 BiIOyBarOTHC
B KOHCTPYKIIISIX TPAHCIIOPTHHUX 3aCO0iB ITiJ] BIULTMBOM Pi3HUX EKCIUTyaTalifHuX (akTopiB. JOCHiIKEeHHS ClIpsSMOBaHe
Ha NPOTHO3YBAaHHS IIBHAKOCTI Ta XapakTepy KOPO3iHHMX MOMIKOIDKEHb 3 ypaxyBaHHAM Marepiaiy, HaBKOJIUIIHBOTO



MATEPIANO3HABCTBO L EEELEEN

CepeloBUIlAa Ta MEXaHIYHMX HaBaHTaXeHb. Memoouxa. Di3UKO-XIMIYHUI E€KCIEPUMEHT lepeadadae MpOoBeIeHHS
11a00paTOpHUX AOCIIKEHb JJIsl BUBYCHHs BIUIMBY DI3HUX (DakTOpiB (TEMIepaTypH, BOJIOTOCTi, arpECUBHHX Cepe-
JIOBMII[) Ha IIBHIKICTh T4 MEXaHI3MH KOpO3ii MOJENIbHUX 3pa3KiB MarepialliB TPAHCIIOPTHUX 3ac00iB. MaremaTnuHe
MOJIEJIIOBAHHS TIOJISITAE y pO3poO0LIi Ta 3aCTOCYBaHHI MaTeMAaTHYHUX PIBHSHB Ta aJITOPUTMIB JUISl OMKCY Ta MPOTHO3Y-
BaHHS KIHETUKHU KOPO3IMHUX MPOLIECIB 3aJI€KHO Bij eKCIUTyaTallifHIX yMOB. IMiTaliiiHe Mo/ieItOBaHHS! BUKOPUCTOBYE
MIPOrpaMHi KOMIUIEKCH ISl CTBOPEHHS BIpTyaIbHUX MOJIEJIEi KOPO3iHUX MPOLIECIB Ha eJleMEHTaX KOHCTPYKLii TpaH-
CIIOPTHUX 3ac00iB. Pe3ynomamu. HaBeaeHo NpuKIia NPOrHO3yBaHHs KOPO3ii Ul MOBEPXHI METally 3 TPIIMHOIO, IO
KOHTAKTY€E 3 arpeCUBHUM BaHTaxeM. Haykosa nHosuszna. Po3poOiieHHa, MaTHMaTHiHa MOJIEINb IIPOrHO3YBaHHS KOPO3ii,
sIKa TIOB'SI3aHUM 3 PO3paxyHKy MapamMeTpiB eJeKTpUYHOro 1ojst. OTpUMaHui OCTaTOUHUK BUpa3, SIKUH Aa€ 3MOTY pO3-
paxyBaTH NOTeHIia] y Oyab-siKiii To4ll IJIOIIMHM HaJ| MOBEPXHEI0 (30KpeMa, i Ha camiil MOBEpXHi), SKIIO Bigoma
xoHctanta C. [Ipakmuuna 3nayumicms. OTpUMaHi 3HAYEHHS IIBUIKOCTI KOPO31MHOTO 3HOLIYBAaHHS €JIEMEHTIB KOH-
CTPYKIIii HAIIIBBIOHIB SIKi CKJIAJIM: OMOPHOI MOJIKU CTIHOK Oi4HOT cTiHu — 10 0,467 MM/pIK, CepeHs MoJiKa MpoQiito
criiiku — 0,235 MM/piK, BEpTUKAJIBHI JIUCTH MPOMDXKXHUX 6asok — 0,335 MM/piK, FOPU30HTAIBHOTO JINCTA MPOMDKHUX
6anok — 0,235 MM/pik, HIDKHBOT 00B's13kK OiyHOT cTiHK — 0,235 MM/pikK.

KurouoBi cjioBa: TpaHCIOPTHI 3ac00H; 3aIi3HUYHUIA TPAHCIIOPT, BArOHM; KOMIT IOTEPHI TEXHOJIOTIT; aBTOMATH3AaIlis;

KOMIT IOT€PHE MOJICJIIOBAHHS; OIIOp BTOMI; MaTeMaTH4Ha MOJIEJIb; KOpO3isl.

PROBLEM STATEMENT

Corrosion remains one of the most serious problems
for the transportation industry worldwide. Annual losses
from corrosion reach billions of dollars, affecting the
economy and safety. Vehicles that are constantly operated
in different climatic conditions are particularly vulnerable
to corrosion processes. Exposure to moisture, salts,
acid rain and other aggressive substances significantly
accelerates the destruction of metal structures.

This leads to a decrease in the strength, reliability
and durability of vehicles. The safety of passengers and
cargo directly depends on the condition of the load-
bearing elements of structures. Corrosion damage can
cause accidents and disasters with serious consequences.
Therefore, timely detection and prediction of corrosion
processes is critically important. Physical and
mathematical modeling is a powerful tool for studying
corrosion mechanisms. It allows you to analyze the
influence of various factors on the speed and nature of
corrosion damage.

Mathematical models can describe electrochemical
reactions, ion diffusion, and other physical processes
that occur during corrosion. Developing accurate and
adequate models requires in-depth knowledge of physics,
mathematics, and chemistry.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

The publication [1] examines in the most detailed way
the zones of corrosive wear of the pivot beam sheets and
the reasons for their occurrence using the example of the
most common models of gondolas 12-532 and 12-119
built by the Ural Carriage Building Plant in 1988 and 1989,
respectively. The design of the pivot beams of gondolas
requires improvement in terms of moisture removal from
the inside, preventing cargo residues from being retained,
and other issues that lead to increased corrosive wear.

The publication [2] investigates corrosion as a process
of destruction of metals during their physicochemical

interaction with the environment, for gondola cars it
is characterized by the following features according
to the mechanism of flow — electrochemical, which
develops when the metal is exposed to an electrically
conductive medium — electrolyte. The most dangerous
for gondola cars is local through corrosion, since with a
relatively small loss of metal, the strength and functional
characteristics of the structure are sharply reduced. An
example of this can be the most common for gondola cars
with hatches in the floor through corrosion of the I-beam
wall of the backbone beam, which is concentrated in the
locations of the unloading hatch covers.

In the paper [3], a method for detecting flat areas on
the wheels of high-speed trains using fiber Bragg gratings
is presented. The authors develop a sensor system for
monitoring the condition of wheels in real time. The
method allows for detecting defects at an early stage,
which contributes to increasing safety and reducing
maintenance costs. The study highlights the advantages
of using fiber-optic sensors for railway diagnostics.

In [4], a Weight-in-Motion (WIM) estimation method
based on tire contact patch geometry reconstruction using a
fiber-optic sensor array is considered. The authors propose
anew approach to measuring road load. The method allows
obtaining accurate data on vehicle weight without stopping,
which contributes to improving traffic and infrastructure
management. The study demonstrates the potential of fiber-
optic sensors for road transport monitoring.

The article [5] investigates the determination of the
durability of the supporting structure of the body of an
open wagon made of round pipes during its transportation
on a railway ferry. The authors analyze the influence of
dynamic loads on the design of the wagon during sea
transportation. Methods for calculating strength and
fatigue durability are considered. The results obtained can
be used to optimize the design of wagons and ensure the
safety of their transportation. The article is important for
design engineers and specialists in the field of transport
engineering.



In the article [6] an integrated system of sensor
fault detection and isolation for railway traction drive is
presented. The authors develop a method of monitoring
the status of sensors in real time. The system is able
to detect and identify various types of faults, which
increases the reliability and safety of the traction drive.
The proposed approach helps to reduce maintenance and
repair costs. The article is relevant for specialists involved
in the development and operation of railway transport.

The authors of the publication [7] investigate the
determination of the dynamic load on a gondola car
when it is fastened with a viscous coupling to the ferry
deck. The authors analyze the forces acting on the car
during transportation on the ferry, taking into account
the characteristics of the viscous coupling. Mathematical
models and methods for calculating dynamic loads are
considered. The results of the study can be used to design
car fastening systems and ensure transportation safety.
The article is important for specialists in the field of
transport engineering.

The article [8] presents an overview of modern
methods for monitoring railway track elasticity.
The authors analyze various technologies and systems
for assessing track condition, including sensors, data
processing systems and analysis methods. The advantages
and disadvantages of different monitoring approaches are
considered. The review covers both traditional methods
and the latest developments in this field. The article is
a valuable resource for researchers and engineers working
in the field of railway infrastructure.

The scientific study [9] presents a simulation study of
the influence of a flat section on a wheel on the dynamics
of a railway vehicle. The authors simulate the movement of
a vehicle with a wheel having a flat section and analyze the
changes in vibration and loads. Various parameters of the flat
section and their influence on the dynamic characteristics are
considered. The simulation results can be used to develop
methods for detecting and diagnosing wheel defects.

In [10], an analysis of the dynamics of a freight car
moving along a railway test track is presented. The author
investigates the vertical vibrations of the car and their effect
on the track load. Different speeds and track conditions
are considered. The results of the analysis can be used to
improve the design of cars and reduce track wear.

The article [11] presents an assessment of stresses
and fatigue of a suspension element of a railway vehicle.
The authors conduct modeling of the stress-strain state of
a suspension element during train movement. The effects
of various loads and operating conditions are analyzed.
Methods for calculating fatigue and predicting the
durability of the element are considered. The results of
the study can be used to optimize the suspension design
and increase its reliability.

In the publication [12], experimental data were
obtained to substantiate the extension of the service life
of passenger cars both from the point of view of the
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service life of the load-bearing elements of the car body,
and from the point of view of the chemical composition,
structure and mechanical properties of the metal of the
backbone beam with corrosion foci. The presence of local
corrosion damage to the backbone beam of the presented
sizes does not pose a threat to the strength of the structure
and traffic safety. Comprehensive studies were conducted
to substantiate the service life of passenger cars both
from the point of view of the service life of the body
elements for impact resistance, and the assessment of the
mechanical properties of the metal from which the car
elements are made. For the first time, the possibility of
further operation of cars with corrosion damage to the
backbone beam was substantiated.

The authors of the publication [13], based on the
analysis of the results of theoretical and experimental
studies, established: the first signs of corrosion appear in
new gondolas after 7-8 years of operation, the number
their receipts for repair are 7-10 times a year; gondolas
used for the transportation of corrosive cargo have
corrosion cracks after 23 years of operation and the rate
of corrosion wear of structural elements is 1.3-2.5 times
higher than during general network operation; the
average corrosion rate has been determined; research
has confirmed that a protective coating with a thickness
of 200 to 250 microns provides the longest possible
protection of car bodies.

The authors of the publication [14, 15], based on
the analysis of defects in railway cars, discovered a
connection between the phase composition of corrosion
products, steel operating conditions, and electrochemical
activity.

The authors of the publication [16, 17] conducted
comprehensive studies to substantiate the service life
of vehicles. For the first time, the possibility of further
operation with corrosion damage to the load-bearing
elements of beams was substantiated.

SEPARATION OF PREVIOUSLY
UNRESOLVED PARTS OF THE OVERALL
PROBLEM

Analysis of literary sources revealed a significant
gap in research devoted to physical and mathematical
modeling of corrosion processes of vehicle structures.
Despite the importance of this problem for ensuring the
safety and durability of transport, the number of scientific
works that deeply consider the mathematical aspects
of corrosion phenomena remains insufficient. Most of
the existing research focuses on experimental methods
or descriptive analysis, without providing detailed
mathematical models for predicting and optimizing
corrosion protection. The lack of comprehensive physical
and mathematical models complicates the development
of effective anti-corrosion measures and predicting the
residual resource of vehicles. From a mathematical point
of view, the problem of the process of destruction of
metals during their physico-chemical interaction with the



environment, which are reduced to solving the Laplace or
Poisson equation with appropriate boundary conditions,
was not considered in the work [1, 2].

This emphasizes the need to intensify scientific
research in the direction of developing and verifying
such models, which will allow to increase the accuracy
of predicting corrosion processes and optimize protection
strategies. Thus, insufficient attention to the physical
and mathematical modeling of vehicle corrosion is
a significant problem that requires further scientific
research and solution.

PURPOSE OF THE STUDY

The aim of this work is to develop physical and
mathematical models to describe corrosion processes
occurring in vehicle structures under the influence of
various operational factors. The research is aimed at
predicting the rate and nature of corrosion damage taking
into account the material, environment and mechanical
loads. The results obtained will serve as the basis for
developing effective methods of corrosion protection and
increasing the durability of vehicles.

To achieve the set goal, the following tasks were solved:

* to develop a mathematical model describing the
kinetics of electrochemical corrosion of basic metal
alloys used in vehicle structures, taking into account
the influence of temperature and composition of the
aggressive environment;

» create a computer program for numerical solution
of the developed mathematical model taking into account
the geometric features of typical structural elements of
vehicles;

» verify the developed computer model by
comparing the results of numerical modeling with the
data of full-scale or accelerated corrosion tests;

* to investigate the influence of various factors of
vehicle operation (for example, humidity, road surface
contamination, the action of anti-icing reagents) on the
intensity of corrosion processes using the developed model;

* to conduct a parametric analysis of the developed
model to assess the sensitivity of the corrosion rate
to changes in key physicochemical parameters of the
system;

» provide practical recommendations on optimizing
structural materials and methods of corrosion protection
of vehicles based on the results of physical and
mathematical modeling.

METHODS, OBJECT AND SUBJECT

OF RESEARCH
Theoretical analysis includes the study of existing
scientific  publications, standards and regulatory

documents to form a theoretical basis for the study of
corrosion processes. Physico-chemical experiments
involve laboratory research to study the influence of
various factors (temperature, humidity, aggressive
environments) on the rate and mechanisms of corrosion
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of model samples of vehicle materials. Mathematical
modeling involves the development and application of
mathematical equations and algorithms to describe and
predict the kinetics of corrosion processes depending on
operating conditions. Simulation modeling uses software
packages to create virtual models of corrosion processes
on vehicle structural elements in order to visualize and
analyze their development over time. Statistical analysis
of experimental and model data allows us to identify
patterns, assess the reliability of the results obtained, and
determine the significance of the influence of various
factors on corrosion.

The object of research is the corrosion processes of
vehicle structural materials.

The subject of the study is physical and mathematical
models that describe and predict the kinetics and
mechanisms of corrosion damage to vehicle structural
elements under the influence of various factors (for
example, humidity, temperature changes, chemical
reagents, mechanical loads).

STATEMENT OF THE PROBLEM

Vehicle wear is a multifaceted problem, a significant
part of which is corrosion of metal structures. This
process, caused by the electrochemical interaction of
the material with the environment, leads to the gradual
destruction of elements, reducing their strength and
durability. In conditions of intensive operation of
vehicles, especially in aggressive environments, the rate
of corrosion processes increases significantly, causing
significant economic losses due to the need for frequent
repairs and replacement of damaged parts.

Existing methods of corrosion protection, although
effective, do not always provide complete and long-term
protection, and their application may be limited by design
features or operating conditions. Therefore, the development
of new, more effective approaches to predicting and
preventing corrosion damage is an urgent scientific and
technical task. Physical and mathematical modeling of
corrosion processes opens up wide opportunities for a deep
understanding of the mechanisms of their development,
predicting the corrosion rate depending on various factors,
and optimizing protection methods.

BASIC MATERIAL

Corrosion, as a process of destruction of metals during
their physicochemical interaction with the environment, is
characterized by the following features for gondola cars [18]:

— according to the mechanism of flow — electro-
chemical, which develops when an electrically conductive
medium — electrolyte — acts on the metal,

— according to the flow conditions — atmospheric, one
of'the causes of which is the moistening of metal surfaces of
structures operated in atmospheric conditions; depending
on additional external restrictions and influences, it can be
crevice, contact, stagnant, under tension;

— by the nature of destruction — general and local.



When studying corrosion processes on real objects,
one has to take into account the extended dimensions of
real galvanic pairs and many electrode systems formed
by metal structures. In this case, an extremely non-
uniform distribution of electric current and potential over
the surface is observed. Therefore, the corrosion intensity
will also be a function of coordinates [20]. In this case,
predicting corrosion damage is possible only taking into
account the physical approach to the problems of current
and potential distribution. This approach consists in
solving boundary value problems of the stationary field
theory, i.e., solving the differential equations of Laplace
or Poisson with the appropriate boundary conditions, and
finding the field parameters as functions of the surface
coordinates [19].

There are two fundamentally different approaches to
the mathematical calculation of corrosion.

The first of them is associated with the formulation of
the mass transfer problem, where the desired quantity is
the time derivative of the dissolved metal concentration
CMe as a function of time t and surface coordinates [18].

In this case, the differential equation has the form:,
which describes the change in the concentration of a
dissolved metal in time and space (on the surface or in
the volume of the solution), can be formulated based on
the laws of diffusion and chemical kinetics. C,,.7 General
form of the mass transfer equation [18, 21]:

0Cy,

—Me = DV2C,,, +R(CMe),
T

(1

oC . .. .
where —Me _ the desired derivative of concentration

with respegt to time,

D — diffusion coefficient of the metal in the solution,

V?C,,. — Laplacian of concentration (describes the spatial

distribution),

R(C,.) — source/sink term that takes into account

chemical reactions (e.g., corrosion, deposition, etc.).
Corrosion reactions:

oC,
—Me=DV’C, —kCy., )
ot
where k — is the reaction rate constant; n — order of
reaction.
oC,
—Me = —diVj 5 (3)
or

where j — total flux of dissolved metal ions, which is
calculated by the formula:

J = Jptiutiks “)
where j, is the diffusion flux, j,, is the migration flux (i.e.,
the movement of charged particles particles in an electric
field), J, is the convection flow (i.e., the movement
of matter with a fluid flow). Using the definition of
convective flow, Fick's first law, and also taking into

account that the migration flow is proportional to the
potential gradient, we write:
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Jp ==DCy, RT grade- (©)

n — the number of electrons participating in the reaction,
F is the Faraday constant (96,485 K/mol).

Jk =GV (7

where D is the diffusion coefficient, V is the fluid flow
velocity, and we substitute these expressions into the
differential equation (3). In doing so, we take into account
that by definition:

jp = ~DgradCy,,

. a .
divj =%+Q+%, (®)
ox Oy Oz
gradC,, = 0Cye | 0Cy. , Cic ©)
x oy oz

Therefore, the divergence from the diffusion flux
becomes:

2 2 2
gradC,,, =-D O O C;“ 0 CZMS =-DV’C,.. (10)
Ox oy 0z
Then we rewrite equation (3) as:
0C\y nk .
a—;" =DV’C,, + Dﬁdzv(CMegrad(p) —div(C, V). (11)
Because by definition:
div(Cy, V) =VgradC,,, + Cy,, divV (12)
and due to the incompressibility of the fluid
oV,
aivy = (13)
ox oy Oz

then we obtain the equation for calculating the
concentration of the metal in the solution:
% =DV’C,, + D%div(gradgo)ngrad(CMc) .(14)
Solving this equation poses significant difficulties.
The second approach to corrosion prediction is
associated with the formulation of the problem of
calculating the parameters of the electric field [22].
Consider the total concentration of all charged particles
in the solution C. For example, the transportation of
ammonium nitrate, a melange of other media with a
high concentration of acid ions that do not participate in
electrochemical reactions (with a high concentration of
background electrolyte), a uniform distribution of the total
concentration by volume is observed. This uniformity
is not disturbed by changes in the concentration of the
formed metal due to the condition Cy;, << C. Then there
are no diffusion and convective flows, since grad C = 0.

For the same reason, there is no change in the total
concentration over time, and the differential equation
simplifies to the Laplace equation for the -electric
potential:

div(grade)=0. (15)



In Cartesian coordinates it has the form:

2 2 2
TRt (16)
ox~ oyt oz

Having calculated the electric potential, the corrosion
current density is then determined according to Ohm's
law in differential form, which is the basis for modeling
electrochemical systems (corrosion, galvanic cells):

Y

- >

On ju=o {17
where A is the specific electrical conductivity of the
solution, 7 is the normal to the surface.

The advantages of this approach from a mathematical
point of view are obvious. However, the distribution of
potential and total current density found in this case
(which is the algebraic sum of the partial current densities
of the anodic and cathodic reactions) does not yet allow
us to determine the corrosion rate.

Laplace's differential equation, like any other, has an
infinite number of solutions. To separate the averages of
the solution of interest to us, it is necessary to formulate
boundary conditions that the potential on the surface must
satisfy. Usually, three main types of boundary conditions
are distinguished [22]:

1. The electrodes are not polarized (the polarization
coefficient o is zero).

Then, at the surface boundary,
distribution ¢(S) = A(S) is given.

2. The electrodes are completely polarized (o = ).
Then the Célrrent density distribution at the boundary is

givenby) == £, 5).
3. Electrodes are partially polarized:

the potential

o+an L= £.(S). (18)
on

These boundary conditions are classical, and the
solution of the corresponding boundary value problems
does not cause difficulties. But often during the calculation
of corrosion in electrochemical systems, mixed boundary
value problems occur, when different conditions are given
on different parts of the same coordinate surface or the
coefficient p = aA is variable. The latter case is realized
during the calculation of the field in an electrochemical
system with a crack that is a flat surface. It can be shown
that the potential distribution in the crack is determined
by the differential equation (a, — specific polarizability in

the crack, x, — half the width of the crack):
o 1 o
— - =——. 19
' hxa, A X0 (19)

To uniquely determine the potential, we use the
boundary condition at the entrance to the crack and the
condition at infinity:

%(0) _ _Jjy
oy A

; (20)
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The question of the interaction of the gap and the
plane is reduced to determining the current density j, at
the entrance to the crack. If this value is known, then the
calculations on the plane and in the gap can be carried out
separately, independently of each other. Let us assume
that j, is known, then, solving the boundary value problem
(20), (21), we obtain an expression for the potential in the
form of the dependence:

1
= Aexp| — | .
o(y) exp[ a xyjﬂpl

Having determined the unknown constant A from the
first boundary condition (20-21):

(22)

(23)

A0 .
A= AL
we get the formula:

(p(y) ,Xlk 1 x]oexp[ /Xf] xyj—i—(pl, (24)

which at the entrance to the crack y = 0 transforms into

the form:
9, =¢(0)- ,/xfl Jo-

But from the theory of calculation of electrochemical
systems it is known that if any electrode is polarized, then
the following condition is fulfilled on it:

(25)

(P(O)_ajo :(P*’ (26)

which, taking into account Ohm's law, in differential form
has the form:

« 0Q
on

When comparing the last formulas, it is seen that the
influence of the crack on the potential distribution along
the plane is such that, as it were, a polarizing electrode
with a width of 2x1 is located near the entrance to the
crack, which has a stationary potential and some effective
specific polarizability eff ¢ = ¢,a

o-a 22 ¢ 7)

* Xla]

o =0, = N (28)
Solving this problem, we define:
sin( py,)
¢(y)=C——exp(—py)- (29)
©) (1+mp)p )

Using the inverse cosine transform, we return from
the image to the potential'

sin px
S

exp(—py)cos(py)dp. (30
(Trpp)p P PYIeos(pu)dp . G0)



The last expression allows us to calculate the potential
at any point of the plane above the surface (in particular,
on the surface y = 0 itself), if the constant C is known.
To determine it, we calculate the average value of the
derivative on the section at the boundary y = 0, changing
the order of integration over p and over x and calculating
the integral over x: 0 < x < X,

© : 2
f%C-‘[ sin (pxl)d
. Oy 3 (1+mp)p
L @D

C=¢ 2 e g sin’(py)
T X 0(1"‘“2}7)}7

In this formula, the integral can be expressed in terms
of the integral sine si, the integral cosine ci, elementary
trigonometric functions, and the natural logarithm:

2°°sin2(pxl) .
BB —;lmdp =ci(B)cos (B)+
+si (B)sin (B) - In(B)—0.5722 , (32)
ci(p) =f°°i(f)dr, (33)
ﬁ .
sl(B):J.smT(T) dt» (34)
g2 (35)

Hy
But by calculating C, we have thereby calculated the
current density j,.

. Ato
Jozi.[i(pdx,
X 50

y=0,j,=(C- (Pl)/(aeq)_az)

As an example, let's predict the distribution of the
corrosion rate of steel 09G2S, on the surface of which
there is a gap (tri-strip) with a width of 2x1=1.5 cm,
extending along the y and z coordinates. The metal is in
contact with an aggressive environment, the electrical
conductivity of which is = 2.5 Ohm-1m-1. As a rule, the
difference in potentials of galvanocouples not associated
with the contact of two dissimilar metals is of the order
of several tens of millivolts, for certainty we will assume.
Under these conditions, for the gap — anode — Ohm m?,
for a flat surface — cathode — Ohm m. Calculations have
shown that the effective polarizability is 0.009 Ohm m?,
constant C = 0.0165V, current density. By differentiating
the expression for the potential in the crack and
substituting, we determine the distribution of the current
in terms of the corrosion rate along the gap depth for the
vertical sheet of the pin beam at the point of connection
with the spine:

Mo, 9, =-35MBa, = 0,027, = 0,35j, = 0,337A/M* j,

(36)
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A methodology for assessing the residual life of
metal structures, taking into account corrosion processes,
is proposed, which contributes to increasing operational
safety.

The calculation results show that at the entrance to the
gap the current density ¢ is 0.337 A/m?, this corresponds
to a corrosion rate of approximately 0.347 mm/year. Such
a high value of the corrosion rate indicates intensive
destruction of the gap entrance.

We will perform calculations similarly for other
sections of the semi-agon. The values of the corrosion
wear rate of the structural elements of the semi-agon
were: the supporting shelf of the side wall uprights — up
to 0.467 mm/year, the middle shelf of the upright profile —
0.235 mm/year, the vertical sheets of the intermediate
beams — 0.335 mm/year, the horizontal sheet of the
intermediate beams — 0.235 mm/year, the lower strapping
of the side wall — 0.235 mm/year.

The calculated data are almost consistent with the
data obtained from operation when studying corrosion
damage to gondola elements during technical diagnostics
in operation [23], the difference was 2 %. Which in turn
confirms the adequacy of the proposed mathematical
model for assessing corrosion of materials of vehicle
structures.

DISCUSSION OF THE RESULTS OBTAINED

The developed physical and mathematical model
allows predicting the speed and nature of corrosion
damage to metal elements of vehicles depending on
operating conditions (load, whether there is a crack or
not, and other conditions).

The modeling results confirm the significant influence
of humidity, concentration of aggressive substances (salts,
acids), and temperature on the intensity of corrosion
processes.

Critical areas of vehicle structures that are most
susceptible to corrosion damage have been identified,
which must be taken into account during design and
operation.

Modeling of electrochemical corrosion has shown
the importance of galvanic metal pairs in structures and
the need to take them into account to prevent accelerated
destruction.

CONCLUSIONS

A methodology for assessing the residual life of metal
structures, taking into account corrosion processes, is
proposed, which contributes to increasing operational safety.

The results of the study can be used to develop new,
more corrosion-resistant materials and their processing
technologies for transport engineering.

The created model can serve as a tool for teaching
and training specialists in the field of corrosion
protection and diagnostics of the technical condition of
vehicles.



MATEPIANO3HABCTBO L EEELEEN

Quantitative relationships between environmental The application of the developed model allows

parameters and the depth of corrosion damage have reducing the costs of vehicle repair and maintenance
been established, which is the basis for predicting the through timely detection and elimination of corrosion
durability of structures. defects.
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