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A methodical approach to determining the damage characteristics
of cyclically loaded samples of metal structures

Abstract. The article deals with an actual task of develoEindg engineering methods for redictin% the durability
of modern long-life machines should be based on the methodology for determining the degree of fatigue damage

to materials and structural elements. In the development of such a methodology, the work proposes to use modern
optical and computer tools that allow analyzing the parameters of the deformed surface of metal structure samples and,
on this basis, to estimate the residual resource of the metal structure. The purpose of the article was to substantiate
a methodical approach for determining the limit state of damage using photometric analysis of the topography of
the micro-deformed surface of cyclically loaded metal structure samples. To analyze the fatigue damage characteristics
of metals and alloys, an experimental information system was developed based on the method of coherent optical
scanning of the deformed surface of metal structure samples with a resolution of 0.2 pm/px. The obtained specklograms
of the photodiode matrix, corresponding to the two-dimensional image of the micro-deformed surface of the sample
in shades of gray 0-255, were computer analyzed. This made it possible to construct diagrams of the kinetics of the
process of accumulation of the amplitude of the deformation microrelief of the surface of the laboratory samples
for the studied steels St 45 and St 20. It is shown that the kinetics of speckle brightness obtained in the work by the
correlation method, which corresponds to the evolution of the accumulation of fatigue damage on the surface of
the studied structural steel samples, is characterized by a nonlinear function, which is consistent with the results
of
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deformation microrelief studies obtained by other methods. The proposed methodology for analyzing the discrete
distribution of specklogram brightness can be used to predict the onset of the limit state of a metal structure before

failure due to fatigue

Keywords: fatigue of metals and alloys; correlational analysis;, microplastic deformation of the surface; deformation

microrelief; photometric scanning

INTRODUCTION
Modern requirements for the operational resource
of machines and equipment provide for their long-term
operation [1], which can reach 109 cycles based on the
declared duration of operation of machines based on cyclic
loading. It is also necessary to develop new approaches to
create a methodology for tracking fatigue damage of materi-
als and structural elements on large load bases, as a basis for
developing scientifically based engineering methods for pre-
dicting the durability of modern machines and equipment.

In the calculations of the residual resource of metal
structures, the kinetics of scattered fatigue damage accu-
mulation are analyzed depending on the model concept
of the material structure. Diffuse fatigue damage devel-
ops mainly in the surface layers of the material, so it is
important to study the changes in relief amplitudes under
the action of cyclic loading [2].

The majority of scientifically based approaches to
assessing the degree of damage to metal structures are
based on models that use the parameters of the limit sizes of
crack-like defects [3], the determination of which is a com-
plicated resource-consuming task in the case of the need to
predict the durability of materials and structural elements
under multi-cycle fatigue. There is a need to develop alter-
native methods of research that allow obtaining parame-
ters of the limit state of damage of highly stressed metal
structures regardless of the limit characteristics of local
centers of destruction. Such approaches include the meth-
odology of determining the parameters of inelastic defor-
mations, the kinetic characteristics of which contain infor-
mation about the stages of fatigue and the residual resource
of metal structures under multi-cycle fatigue in the range
of 107-109 cycles [4].

It was shown in [5] that the plastic deformation of
a metal from the microyield point to local destruction
develops as a result of its dynamic localization at the meso-
scopic level. In [6], it was established that in the case of
repeated impact periodic loading of metal samples, local
destruction occurs as a result of a certain limit accumulation
of microplastic deformations in the surface layer. According
to the results obtained in work [7], microplastic deforma-
tion is realized even under cyclic stresses that are somewhat
lower than the endurance limit of the material, determined
on the bases of loading recommended by fatigue standards.

This phenomenon is a prerequisite to substantiate the
criteria of the limit state of the integrity of the surface of
the metal structure based on the amplitude characteristics
of microdeformation. The accumulation of inelastic defor-
mations on the surface of the structural material allows the

use of optical computer tools for direct measurement of the
characteristics of the local deformation of the surface layer
of the metal structure [8]. Optical methods, in which remote
scanning of the metal structure surface is implemented, are
characterized by the appropriate selectivity of detecting
defects and their isolation.

Traces of microplastic deformation on the surface of
a material cyclically loaded at a stress level close to the
endurance limit in the initial stages of the accumulation of
fatigue damage can be determined by the methods of atomic
force or laser microscopy [9]. The analysis of damage kinet-
ics assessed by such methods is accompanied by method-
ological difficulties, therefore, in order to assess the accu-
mulated damage on the surface of a metal structure sample
in the stages of fatigue before its localization, it is advisa-
ble to use correlational statistical characteristics of defor-
mation surface defects. This will lead to a simplification of
the method of tracking the transition of the damaged state
of the metal structure to the limit with a satisfactory degree
of reliability of the forecast under multi-cycle fatigue.

The purpose of the research is to substantiate the
methodical approach to determining the characteristics of
the physico-mechanical limit state of damage of cyclically
loaded samples of metal structures, which precedes the
local destruction of the material, evaluated according to
the deformation criterion, using photometric analysis of
the topography of the deformed surface.

The objectives of the study were to obtain and analyze
the regularities of the effect of multicycle deformation on
the intensity of changes in the parameters of the microrelief
formed on the surface of the steel samples under fatigue.

LITERATURE REVIEW

In the study [10], it was found that the kinetics of propa-
gation of surface and subsurface damage in metal struc-
tures depends on the dissipative properties of the material
under multicycle loading at the level of 10-4-10-6 rela-
tive deformation, which causes the appearance and growth
of local microplastic deformations. The achievement of
their parameter limit values leads to the local destruction
of the metal structure under stresses that do not exceed
the elastic limits, i.e. in such places, the destruction is
preceded by local microplastic deformation of the metal,
as shown in [11].

In [12] it is stated that the limit state of a structural
element can be determined by the state of the surface
layer formed under external influence, when due to defor-
mation the state of the mesovolume is characterized by
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a certain parameter of physical and mechanical properties.
In multi-cycle fatigue, which is characterized by staged
process, diffuse fatigue damage in the form of microscopic
cells mainly accumulates in the first stage before the next
stage of localized damage formation.

The authors of the work [13] established that the
change in physical and mechanical properties under cyclic
loading causes the inhomogeneity of local deformation, as
a result of which different structural elements of the mate-
rial are at different stages of damage development, which
determines the discreteness of the characteristics of periods
of fatigue damage. Likewise, when analyzing the degree of
fatigue damage of an elastic-plastic polycrystal, it is neces-
sary to take into account the kinetics of changes in proper-
ties during cyclic loading.

The kinetics of microplastic deformations of the poly-
crystal, initiated by structural mechanisms that depend
on the nature of the material, determines the durability of
the metal structure. The authors of the work [14] pointed
out the importance of studying the structure of surface
discrete deformation defects on the metal surface during
cyclic deformation. The distribution function of deforma-
tion defects reveals the properties of a normal distribution
due to the random nature of the localization of shifts in the
sliding planes of the polycrystalline structure of the surface
of the deformed sample.

It was shown in [15] that slip bands form a deforma-
tion microrelief on the surface of a deformed sample as
a result of repeated sliding in the crystallographic planes
of the surface layer of the material. The amplitude of the
deformation relief, which accumulates on the surface of the
deformed metal structure sample, corresponds to the degree
of structural material damage. The density of deformation
defects depends on the parameters of cyclic loading: ampli-
tude and duration of action. Plastic deformation occurs
in a limited number of microvolumes, but their number
increases with an increase in the number of loading cycles,
that is, the specific density of slip bands increases. The
parameter of the accumulated damage of structural mate-
rial samples characterizes the exhaustion of the resource of
its plastic properties.

The application of scanning and transmission elec-
tron microscopy and methods of quantitative fractog-
raphy to determine the characteristics of the physical
and mechanical limit state of fatigue damage to the surface
of structural materials is demonstrated in works [16; 17]. It
was shown that the use of these methods allows to inves-
tigate certain stages of damage initiation and its develop-
ment to cracks of critical size, which can be used to esti-
mate the service life of metal structures. In particular, the
authors of [18] introduce a certain number of parameters
to describe the geometry of the surface microrelief cre-
ated during cyclic loading, which allows for a more accu-
rate description of the topography of the deformed surface.
According to the international standard [19], it is proposed
to introduce a system of normative parameters for meas-
uring roughness amplitudes in the case of measuring the

characteristics of vertical deviations of the geometric sur-
face of a metal. Taking into account the requirements of
this standard provides a summarized determination of the
durability indicators of the metal structure according to the
criterion of the surface roughness parameter of microplas-
tic deformations.

In published works [8; 20; 21] it is shown that the
use of such computerized methods as, respectively, wave-
let analysis, fractal parameterization, and the synergis-
tic approach allows to identify patterns of accumulation
of fatigue damage on the surface of structural materi-
als and to establish their correlation dependences with
fatigue characteristics. In particular, work [22] states that
the statistical kinetic characteristics of the accumulation
of damage in austenitic steels due to their cyclic loading
are correlated with certain parameters of the microstruc-
ture, and the revealed correlation depends on the sensi-
tivity of the method used to control the fatigue damage of
the material.

So, from the above analysis of publications, it can be
concluded that scientists are currently paying significant
attention to the issues of assessing the kinetics of fatigue
damage accumulation in structural materials, modern
computerized methods of measurement and analysis are
involved in the study, but research into the possibilities of
using engineering methods to control the deformed state
of the surface of structural the material is not enough now.

MATERIALS AND METHODS

In this work, the surfaces of flat samples of St 45 and St 20
steels (corset shape, length of the working part - 50 mm,
width of the narrowest cross-section of the working part
of the sample 10 mm, thickness 3 mm) cyclically loaded on
the Amsler testing machine under zero cycles were inves-
tigated tension-compression. For the indicated sizes of the
samples, fatigue tests were carried out at loading frequen-
cies of about 230 Hz, which made it possible to analyze the
kinetics of the formed fatigue microrelief based on cyclic
loading up to 5-107 cycles at stresses above and below the
endurance limit.

Changes in the microrelief of the surface layer of sam-
ples of St 45 and St 20 steels under study were analyzed
step by step during the termination of the fatigue tests by
the method of evaluating the diffuse scattering of a laser
beam reflected from the surface, the brightness of which
correlates with the characteristic of the distribution of
the spectral density of deformation defects, in particu-
lar slip bands [23]. Quantitative assessment of the degree
of brightness of the spectrograms, which corresponds to
changes in the deformation relief on the surface of the
studied samples, was used for calculation and experimental
control of changes in the deformed state, which can cause
the loss of integrity of the surface of the metal structure
due to cyclic loading [24].

The method of atomic force microscopy (AFM) was
used to obtain the deformation relief of the surface of the
steel sample (Fig. 1).
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Figure 1. Electronic photograms of the deformation topography of the sample surface:
a — slip bands on the surface; b - AFM image of the relief of microplastic deformations of the surface

Source: [14]

According to the method [25], in this work, the microre-
lief of developed sliding bands formed on the surface of lab-
oratory steel samples was illuminated by a coherent beam
during the intervals of stopping cyclic loading, and in the
direction of the beam reflected from the surface, a field of vir-
tual speckles (specklegram) appeared on the LED matrix with
discrete brightness distribution. The analysis of the structure
of the spectrograms makes it possible to quantitatively assess
the degree of accumulation of defects on the surface of the
sample. The resolution of the developed experimental infor-
mation system for the analysis of quantitative characteristics
of diffuse damage of elastic-plastic material by the method
of coherent optical scanning is up to 0.2 pm/px. [4].

The beam of a coherent light source reflected from
a heterogeneously deformed surface contains information
about the current state of the physical and mechanical prop-
erties of the material surface. The parameters of the two-di-
mensional image of the surface microrelief with a random
distribution of deformation amplitudes characterize the
damage of the material, and the brightness parameters of
the deformed surface planes of the samples are correlated
with discrete deformations, that is, they characterize the
deformed state of the surface layer of the material in the
case of cyclic loading according to a certain mode [26].

In this work, in order to evaluate the changes in
the microplastic deformations of the surface of elastic-plas-
tic materials, which include the studied steels, the metro-
logical characteristics of the angle of reflection of the laser
beam were used. Cyclic loading of a certain duration causes
a change in the current value of the spatial orientation
angle of some local zones of the deformed surface rela-
tive to the angle of inclination of the normal vector to the
plane of the local surface of the image and the optical axis of
the matrix, which leads to a decrease in the intensity of the
beam reflected from the surface. The angles of inclination of
the surfaces of the deformation relief of the sample, which
can be considered as light-reflecting microplates, correlate
with the brightness of the virtual speckles of the image on
the LED brightness matrix.

The results of determining brightness changes on the
photodiode matrix were processed using the PAST program
using mathematical statistics methods in accordance with
the requirements of the ISO 25178-1:2016 standard [27]
regarding the roughness of the engineering surface. In par-
ticular, for individual samples of the numerical matrix of
luminances corresponding to a certain duration of cyclic
loading, the average value of n measurements, dispersion,
kurtosis and other statistical characteristics of the sample
were calculated. The results of determining the statistical
characteristics of changes in the brightness of the deformed
surface of the samples made it possible to construct corre-
lational dependences of the degree of cyclic loading of the
studied samples with the amplitude of the relief of surface
deformation defects.

In order to reduce the dispersion of the analysis results,
in the developed photometric method of studying the cor-
relation dependence of the brightness of the speckle struc-
ture image with the amplitude spectrum of the relief of local
deformation, the correspondence of the correlation param-
eter within the correlation sample of the general popula-
tion of data is taken into account. This condition can be
fulfilled by stabilizing the homogeneity parameter of the
distribution of deformation amplitudes in the local area of
one measurement for each sample located within the cor-
relation zone of the general data set. Taking into account
the inherent structural heterogeneity of the studied steels,
this condition was implemented by reducing the area of the
active zone of scanning by a coherent beam to the same
average value of the size of the structural element of the
sample surface under investigation.

RESULTS AND DISCUSSION
In Figure 2 presents images of spectrograms of the sur-
face of the C 45 steel sample at individual stages of fatigue
loading and diagrams of the brightness distribution func-
tions of these spectrograms, constructed along the imag-
inary intersections of the numerical matrix of the spec-
trograms corresponding to the imaginary intersections of
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the sample surface. From the presented images of bright-
ness spectrograms and the corresponding spectral distri-
butions calculated from the data of the numerical bright-
ness matrix, it can be seen that an increase in the number
of load cycles is characterized by a significant decrease in
the degree of brightness of the images due to a decrease in

a) b)

the number of extremely bright speckles on the spectro-
grams. That is, the deformation accumulation of damage
to the surface of the sample, estimated in this paper by the
correlation method, is characterized by a certain nonlinear
function, which is consistent with the results obtained by
other methods [28].

o)

Figure 2. Image of spectrograms and corresponding spectra of speckle brightness in shades of gray 0-255
of the surface of the St 45 steel sample: a — initial state (before cyclic loading);
b — the number of loading cycles N=5-105; ¢ — the number of loading cycles N=5-107

Qualitative analysis of spectrograms presented in Figure 2,
was clarified by statistical analysis of the numerical matrix of
spectrogram brightness in the range of shades of gray 0-255
(Table 1). Presented in the Table 1, the descriptive statistical

characteristics of the brightness distribution of the spectro-
grams at different stages of fatigue are calculated for indi-
vidual columns of the numerical matrix corresponding to
the imaginary cross-sections of the surface of the samples.

Table 1. Statistical characteristics of the brightness distribution of the spectrograms of the micro-deformed surface
of the St 45 steel sample under stresses ca=120 MPA (below the endurance limit by 30%)

The number of sample loading cycles N

The maximum value of I 255 200 125 123 140
The average value of I 130.81 116.76 74.52 84.86 89.10
Standard error 7.958 6.065 4.350 5.247 4.501
Sampling variance 3526.26 1365.99 397.46 378.73 425.49
Standard deviation 59.38 36.96 19.94 19.46 20.63
Asymmetry 1.0133 0.6261 0.4065 0.3993 0.3062
Median 113 116 77 90 91
Kurtosis -0.1992 -0.3548 0.9067 -0.3132 0.4991

Note: N is the number of sample loading cycles; I — the brightness of speckles in shades of gray

Source: developed by the authors

In the Table 1 shows the generalized results of cal-
culating the statistical characteristics of the number of
speckles of the selected gradation of brightness I (in the
range of shades of gray 0-255), which correspond to the
formed microrelief of discrete deformations of the stud-
ied surface of St 45 steel samples under different num-
ber of loading cycles N. The analysis of these data shows
that in absolute terms, the kinetics of the degree of bright-
ness of the spectrograms (both with respect to the average
and maximum brightness values) is not monotonic in the
considered range of loading cycles up to 5-107 cycles. In the
case of reaching such a loading base, an increase in the aver-
age value of the spectrogram brightness by 5% is observed
in the case of an increase in the duration of cyclic loading

by almost an order of magnitude, which reflects a certain
enlargement of the microrelief of the sample surface at large
loading bases close to the endurance limit. At the same time,
the effect of cyclic loading was also found for other statis-
tical characteristics of brightness (sharpness and asymme-
try of the normal distribution function).

In Figure 3 shows how the shape of the brightness
histograms of spectrograms constructed for individual
stages of cyclic loading of the sample, specified in Table 1,
changes. The value of speckle brightness in shades of gray
(0-255) is plotted on the abscissa axis, and the number of
speckles n of the sample is plotted on the ordinate axis.
From Figure 3 shows how the sharp peaks of the histo-
grams increase, i.e. the number of brightly luminous
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speckles decreases. Therefore, the sequence of 1 2 3 bright-
ness histograms corresponds to an increase in the specific
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area of the accumulated deformation of the metal of the
surface layer of the sample.
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Figure 3. Histograms of the brightness of the spectrograms of the micro-deformed surface of the St 45 steel sample
at different stages of cyclic loading: 1 - initial state; 2 — 5-105 cycles; 3 — 5-107 cycles

Source: developed by the authors

Therefore, in order to identify the trends of changes
in the deformation microrelief parameters of the studied
samples during the stages of multi-cycle fatigue, the statis-
tical characteristics of the brightness distribution of spec-
trograms in the form of histograms are more informative in
contrast to the absolute brightness values.

250

The system of correlation diagrams that characterize
the effect of cyclic loading on changes in the brightness of
spectrograms, as a manifestation of the accumulation of the
amplitude of the deformation microrelief of the surface of
the studied St 45 samples, as well as their trend lines, is
shown in Figure 4.
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Figure 4. Correlation diagrams of changes in the degree of brightness of spectrograms based on the number of pixels of
the sample taken into account, as a manifestation of the accumulation of surface deformations during fatigue
of St 45 samples for different stages of cyclic loading: 1 - initial state; 2 - N=5-105; 3 - 5-107 cycles
(thin lines depict trend lines with corresponding exponential equations and R2 confidence level)

Source: developed by the authors

Constructed according to the principle of Pareto dia-
grams, the diagrams in fig. 4 show the monotony of the loca-
tion with an increase in the duration of cyclic loading and
a significant increase in the current state of the instanta-
neous value of the angle of inclination of the graph in the
coordinates of the diagram, as signs of the dynamics of the
process of non-localized destruction under multi-cyclic

loading. The obtained data are consistent with the results
of the study of the accumulation of fatigue damage of met-
als, which present the stages of the process and a signifi-
cant increase in damage parameters at the stage before the
formation of local macro damage [29; 30]. The peculiarities
of the results of the quantitative analysis of the correlation
diagrams revealed in this work indicate the expediency of
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determining the state of fatigue damage of the metal struc-
ture according to the criterion of the limit accumulation of
the parameter characterizing changes in the brightness of
certain (light and dark) elements of spectrograms.

Currently, in the thematic publications on the accumu-
lation of fatigue damage in metallic materials, in particular
those mentioned above in this article, insufficient atten-
tion is paid to the study of the correlation between the rate
of metal damage and the large-scale hierarchy of multi-level
damage at the stages of fatigue. The importance of the study
of correlation relations under fatigue loading of metal struc-
ture samples is indicated in [4], which describes a statis-
tical method for determining the degree of damage under
variable loading based on the data of profilometric measure-
ment of the fatigue topography of the sample surface in the
range of amplitudes up to 1.0 um. Based on the calculation
and experimental results of the analysis of the morphol-
ogy of the fracture surface of samples of materials with iso-
tropic and anisotropic mechanical properties, it is proposed
to determine a certain constant as a spatial parameter of the
surface relief of a solid body characterized by scale invari-
ance. This makes it possible to monitor the general laws of
fatigue failure, since the constant relates the parameters
of the local and general profile of the surface to the kinetic
parameters of fatigue failure. The research results obtained
in this work correspond to these principles.

Zones of elastoplastic deformation appear on the sur-
face of the sample under fatigue, which are localized as dis-
crete manifestations of inelastic deformations. The fatigue
failure of the metal of the sample is preceded by the accu-
mulation of local macrodisplacements of the surface, that
is, local plastic deformation occurs, which leads to local
failure [31]. The comparison of microhardness at the frac-
ture sites after monotonic and cyclic loading of the metal
showed their close values, which indicates the uniformity
of the limit plastic deformations leading to fracture. These
deformations are characterized by a diagram of the spec-
trum of instantaneous values of scattered damage, which
relates the topogram of the surface (amplitude of the range
of local maxima of the relief) with the duration of cyclic
loading. It has been experimentally shown that such a dia-
gram reflects the current state of local strengthening and
weakening of metal under cyclic loading [28].

The information presented in Figure 3 and 4, as well
as in Table. 1, shows that the correlation method of digi-
tal analysis of the surface relief [11] provides experimen-
tal and computational means that allow to evaluate critical
changes in the deformation microrelief of the samples based
on the criterion of the brightness intensity of spectrograms.
The digital representation of the brightness spectrum of the
spectrogram is correlated with the amplitude spectrum of
discrete deformations of the surface microrelief, which create
the microrelief of slip bands on the surface of the polycrystal-
line structure sample. Therefore, the application of coherent
optical scanning of the deformed surface of metal structure
samples is an effective tool for studying the accumulation of
fatigue damage in metal structure samples, as stated in [32].

From Figure 4, it follows that an increase in the dura-
tion of cyclic loading leads to a monotonous increase in the
amplitude of the deformation relief, which can be repre-
sented by linear or exponential dependences, which is con-
sistent with the kinetic dependences of the characteristics
of the process of accumulation of microplastic deformation
under dynamic loading of elastic-plastic structural mate-
rials [23], as well as during the previous cyclic loading
of material samples [33], obtained using other methods
of metal surface research (acoustic emission).

In order to quantitatively track the state of damage to
the surface of structural metal materials, it is proposed to
determine the damage (microplasticity) coefficient kD as
a correlation characteristic of the deformation properties of
the surface of the structural material. This coefficient, which
is a quantitative measure of the deformation relief, surface,
is calculated according to the formula:

kD:(Ii_IO )/Ii’ 1

where the difference (I-1)) characterizes the degree of
damage to the surface area of microplastic deformations
in the window area of the base matrix; I, - the value of the
damage area parameter before loading; I, is the current
value of the damage area parameter. In the case of digital
analysis of spectrograms, parameter I should be considered
as brightness values of spectrograms in the range of shades
of gray (0-255) for the investigated stages of cyclic loading.

In Figure 5 presents the kinetic diagrams of the coeffi-
cient of damage of St 45 and St 20 steel samples, constructed
based on the results of tests with cyclic stress levels above
and below the corresponding endurance limits, which led to
different durations of cyclic loading. Testing of St 45 steel
samples was carried out under cyclic stresses ca=120 MPa,
and St 20 samples under cyclic stresses ca=240 MPa (Fig. 5a)
and 6a=200 MPa (Fig. 5b).

The presented diagrams can be described by exponen-
tial dependencies. From Figure 5b shows that the equa-
tions of the diagrams for both studied steels are similar,
the slope depends on the magnitude of the cyclic stresses
in their considered range, which is consistent with the low
intensity of deformation microrelief accumulation on the
surface of the samples under stresses close to the endur-
ance limit. In particular, this applies to the laws obtained
in [22], which relate the amplitudes of microplastic
deformations of the surface of SUS316NG steel samples,
determined as a result of direct measurement by atomic
force microscopy methods, with the level of loading under
low-cycle fatigue.

The results obtained in this work contribute to the
creation of scientific and methodological foundations of
experimental and calculation methods for determining the
residual operational resource of metal structures under the
conditions of cyclic loading, as well as methods for track-
ing the accumulation of deformation defects on the surface
of the responsible elements of metal structures under the
action of multi-cycle fatigue.

Machinery & Energetics. Vol. 13, No. 4
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Figure 5. Damage characteristics of St 45 (diagram 1) and St 20 (diagram 2) steels under various cyclic stresses
(R? - characterizes the degree of reliability of the approximation of experimental data by the equations shown in the figure)

Source: developed by the authors

CONCLUSIONS

An experimental and informational system for analyzing the
quantitative characteristics of scattered damage of an elas-
tic-plastic material by the method of coherent optical scan-
ning of a deformed surface with a resolution of 0.2 pm/px
has been developed.

The correlation characteristics of the distribution
of speckles of the selected gradation of brightness I (in
the gray range 0-255) corresponding to the formed microre-
lief of discrete deformations of the studied surface of St 45
steel samples under different number of loading cycles were
calculated. It is shown that in absolute values, the kinetics
of the degree of brightness of the spectrograms (both with
respect to the average and maximum brightness values) is
not monotonic in the considered range of loading cycles up
to 5-107. The state of damage to the metal of the sample
upon reaching such a loading base corresponds to a change
in the average value of the amplitude of the spectrogram
brightness by 5.0% due to an increase in the duration of
cyclic loading by almost an order of magnitude, which cor-
relates with the state of non-localized damage, determined
by a controlled increase in the area of the microrelief of the

sample’s deformed surface under cyclic stresses close to to
the limit of endurance.

The kinetics of the metrological parameters of the geom-
etry of the deformation defects of the surface layer of the
sample, formed as a result of cyclic loading at stresses below
and above the endurance limit, were evaluated using scanning
laser imaging microscopy. The obtained results, which are
systematized in the form of correlation characteristics, con-
tain information about the statistical process of microplastic
deformation of the surface of St 45 and St 20 structural steels.

It was established that the components of the amplitude
spectrum of the microrelief of deformation defects under
fatigue, estimated by the parameters of spectrograms, are char-
acterized by the criterion features of the limit state of the sur-
face of the metal structure in the case of cyclic loading under
stresses close to the endurance limit. In further research, it
is necessary to consider the development of experimental
and computational methods that will allow to substantiate
the application of the optical-computer method presented in
the article for establishing the limit values of the accumula-
tion of fatigue damage on the surface of metal structures that
are subjected to long-term cyclic loading during operation.
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MeToanyHUM Niaxia Woao BU3HAYEeHHS XapaKTe PUCTUK MOLLUKOOKEHHS
LUMKJIIYHO HAaBaHTAXXyBaHUX 3pa3KiB MEeTaNlIOKOHCTPYKLiN

AHoTaLif. B cTaTTi po3MIAgAEThCS aKTyaIbHa 33aua PO3po6IeHHS iHKeHepHUX METOiB TPOTHO3YBaHHS TOBrOBiYHOCTI
CyYaCHMX MAIIVH TPUBAJIOTO PECYPCY, sika Mae 6a3yBaTyCs HA METOLOJIOT] BiZicTesKeHHSI CTYTIeHI0 BTOMHOT'O MOIIKOIKEeHHS
MarepiaiB Ta KOHCTPYKIifHMX efleMeHTiB. MeTa cTaTTi — 06rpyHTYBaTU MeTOOVYHMIA TTiIXiz, A/1s1 BUSHAUEHHS TPAHNYHOTO
CTaHy MOIIKOIKeHOCT] i3 3acToCyBaHHSIM (OTOMETPUUHOTO aHaIi3y Tonorpacdii MikposgedopmoBaHoi TOBepPXHi UKITIUHO
HaBaHTAKyBaHMX 3pa3KiB METAIOKOHCTPYKIii. Y po60Ti 6y/10 BUKOPUCTAHO PO3POOIIeHY eKCIlepUMeHTalbHO-iHpopMaLiiiHy
CUCTeMY Ha OCHOBi MeTOIy KOTepeHTHO-ONTUYHOIO CKaHyBaHHs AedhOpMOBaHOI ITOBEPXHi 3pa3kiB MeTaJT0KOHCTPYKILii
3 BUOKpeMiBHicTiO0 0,2 MKM/TIKC. KOMIT'10T€pHO MTpoaHaji30BaHO OTpUMaHi criekjaorpamu GoTogiogHoi MaTpulli, mo y
BifgTiHKax ciporo 0-255 BinMoBigaoTh JBOBMMipHMM 300pakeHHSIM Mikpo3aedopmMoBaHoi MOBepxHi 3pa3Ka [IJIsl OKpeMUX
eTariB HMKIIYHOTO 6araTOLMK/IOBOTO HABAaHTAKYBaHHS. [JIsT HOCTiIKyBaHMX KOHCTPYKIiliHMX cTaneit Ct 45 i Ct 20
BUSIBJIEHO BIUIMB TPMBAJIOCTi MK/IIYHOTO HABaHTaKyBaHHS Ha CTaTUCTUUHI XapaKTepPUCTUKU SICKPABOCTi CIIeK/Iorpam
(TOCTPOBEepUIMHHICTB TicTOrpam Ta acumeTpito GyHKIii HopmManbHOro po3mnoziny). [TobymoBaHo Aiarpamu 3MiH CTYIIEHIO
SICKPaBOCTi crleK/sIorpam, 110 BiAMOBiga0Th KiHeTULi HAKONIMUYBaHHS aMIUTiTYau gedopmaiiiiitHoro Mmikpopenbedy
TOBepPXHi JIabopaTOpHUX 3pa3KiB 32 BTOMMU. IIoKa3aHo, [0 OTPMMaHa KOPeJSIiiiHMM MeTOA0M KiHeTHKa SICKpaBOCTi
CIIEeKJIiB, 1110 KOPEJIIOE 3 eBOJIIOIi€I0 HAKOIMUEeHHS BTOMHOI MOIIKO/KYBaHOCTi Ha IIOBEpXHi 3pa3KiB AOCTiIXeHMX CTaJIei,
XapaKTepu3yeThCs HeTiHiitHOI0 QYHKIIi€I0, 110 Y3TOIKYETHCS 3 Pe3yabTaTaMu JOCTiIKeHb fedopMaliifHoro Mikpopenbedy,
OTPMMaHMX iHIIMMM MeToAaMMu. Pe3ynbpTaTy JOCIiIKeHHS (MeTOA0/I0Tisl aHa/li3y IMCKPETHOIO PO3MOAiNY SICKPaBOCTi
CIIEKJIOrpaM) MOKYTb 6T BUKOPUCTAHI AJIs1 TPOrHO3YBaHHS HACTAHHS 'PAHUYHOTO CTAHY METAaJTOKOHCTPYKIIii nmepe, ii
3pyiiHyBaHHSM BHAC/TiLOK BTOMU

Knio4yoBi croBa: BTOMa MeTaliB i CIUIaBiB; KOpENALiliHMIT aHami3; MiKpoIulacTuyHe nehOpMyBaHHS IOBEPXHi;
nedopmariituuii Mikpopenbed; poTomMeTpuuHe CKAaHYBaHHS
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