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Abstract. This study evaluates the relationships among mechanical energy dissipation, elastic stiffness, electrical resistivi-
ty, microstructural heterogeneity and impact-induced sound radiation in three newly developed alloyed steels (XSM-1, XSM-2
and XSM-3). Standard carbon steels St.10, St.20 and St.45 were used as reference materials. Plate specimens (50x50x5 mm)
underwent steel-ball impact testing, with transient oscillograms captured in a 2 ms observation window; torsional oscillation
measurements, sound-level measurements and metallographic observations provided complementary evidence. XSM-1 exhib-
ited the greatest tabulated internal friction (21.22x107) and the lowest A-weighted sound level (72 dBA), compared with 9.11-
10.565x10* and 84-89 dBA for the reference steels. XSM-2 reached 77 dBA and XSM-3 87 dBA, despite both having rela-
tively high internal friction. The descriptive Pearson association between internal friction and sound level across the six mate-
rials was approximately —0.70, whereas elastic modulus values did not show a clear monotonic pattern. Micrographs available
for XSM-3 indicate structural heterogeneity but do not provide definitive phase identification. The results suggest that intrinsic
material damping is important but insufficient on its own to predict impact noise; modal response, microstructure and testing
configuration should be considered jointly. The study identifies XSM-1 as the leading candidate within this limited compara-
tive dataset and specifies the measurements needed for independent validation.
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1. Introduction

Reduction of vibration and the accompanying noise re-
mains an important materials-engineering problem in ma-
chines and mechanisms. Impact and cyclic interactions be-
tween metallic components generate elastic waves that are
partly radiated as airborne sound and partly dissipated within
the material. Increasing the intrinsic damping of structural
metals is therefore attractive because it acts at the source of
vibration rather than relying exclusively on external isolators
or polymeric damping layers.

High-damping metallic systems include Mn-Cu, Fe-Cr,
Ni-Ti, Mg-based and Fe-Mn alloys. Recent work has re-
newed interest in Fe-Mn and Fe-Mn-Cr systems because
their damping response can be controlled through martensitic
transformations, stacking faults, phase boundaries, grain
structure and heat treatment. Yan et al. showed that rapid
solidification of Fe-17Mn promotes e-martensite and in-
creases damping capacity [1]. He et al. demonstrated that the
optimum Mn content of cast Fe-Mn binary alloys differs
from deformation-processed alloys and is close to 19 wt.% in
the cast state [2]. More recent alloy-design strategies com-
bine grain refinement with e-martensite introduction to ob-
tain a better balance between strength and damping [3].
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Comparative studies have also examined differences in mi-
crostructure, damping capacity, and mechanical properties
between cast and deformation-processed Fel7Mn alloys [4].
Fe-Mn-Cr composite alloys have been investigated as a
means of combining damping capacity, mechanical strength,
and corrosion resistance [5].

Other metallic damping systems also demonstrate strong
relationships between microstructure and energy dissipation.
Orientation-dependent damping behavior has been investi-
gated in Mn—Cu shape memory alloys [6], while the for-
mation of nanodomains in Ni—Ti alloys has been associated
with enhanced damping capacity [7]. The influence of long-
period stacking-ordered phases on damping behavior has also
been examined in magnesium alloys [8]. In FeMnCrCo high-
entropy alloys, stacking fault energy and lattice distortion
have been investigated as factors controlling damping mech-
anisms [9]. Furthermore, the effects of manganese content on
microstructural evolution and mechanical properties have
been studied in cast Fe—-Mn damping alloys [10].

These studies demonstrate that damping is a structure-
sensitive property. Grain boundaries, dislocations, stacking
faults, phase interfaces and local chemical heterogeneity
provide mechanisms for irreversible or hysteretic energy
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loss. At the same time, the acoustic response of a real plate
under impact is governed not only by intrinsic damping but
also by elastic stiffness, geometry, excitation amplitude and
the distribution of structural heterogeneities. Consequently, a
high value of one material parameter does not necessarily
guarantee the lowest radiated sound level.

Machine-generated noise is not solely an acoustic-design
issue; it is also a structural-materials problem. Metallic hous-
ings, frames, supports and rotating components can transmit
transient stresses through connected structures, which then
radiate sound into surrounding air. An impact creates multiple
resonant modes simultaneously, and their decay depends on
the interaction between the input force, geometry, boundary
conditions, mass distribution and constitutive response. In
many conventional engineering designs, noise mitigation is
implemented after a component has been manufactured
through added dampers, isolators, enclosures or changes to
assembly interfaces. Material-level damping can offer a com-
plementary approach, potentially reducing the vibratory ener-
gy available for subsequent transmission. Unlike an attached
polymer layer, intrinsic metal damping is embedded through-
out the load-bearing material, although the overall benefit still
requires evaluation at component and system level.

A useful distinction must be drawn between the me-
chanical loss of vibrational energy and the sound pressure
measured at a microphone. Internal friction describes irre-
versible or delayed processes within a cyclically strained
solid. Acoustic emission, in the broad sense used here for
impact-generated radiated sound, results from surface ve-
locity fields coupled to the surrounding air. The two quanti-
ties are related through the vibration problem but are not
interchangeable. Even if a material loses more mechanical
energy per oscillation cycle, the sound level can remain
relatively high if the impact couples efficiently to a radiat-
ing mode, the mode shape changes, or the excitation spec-
trum shifts toward more efficiently radiating frequencies.
This distinction motivates the combined measurement strat-
egy used in the present work.

High-damping materials are often classified by their
dominant loss mechanisms. Dislocation-mediated damping
can arise from the reversible bowing of pinned dislocation
segments and their nonlinear depinning under higher ampli-
tudes. Ferromagnetic alloys can lose energy through mag-
netic-domain-wall motion. Twinning and martensitic trans-
formations generate mobile phase and twin boundaries,
while multiphase alloys can exhibit interfacial hysteresis
and localized deformation. These broad categories provide
mechanistic hypotheses, not direct proof that any one path-
way dominates the XSM steels. A metallographic image
alone cannot determine the density or mobility of such
defects, and conventional optical contrast cannot reliably
identify a crystallographic phase without corroborating
diffraction or compositional data.

Recent research has demonstrated the practical importance
of processing history in Fe—-Mn damping alloys. Yan and co-
workers reported enhanced e-martensite formation and damp-
ing after rapid solidification of Fe-17Mn [1]. He and col-
leagues found that the optimum manganese content for cast
Fe—Mn binary damping alloys differs from that of defor-
mation-processed counterparts, with an optimum near 19
wt.% under their conditions [2]. A later strength-damping
study combined grain refinement with the introduction of e-
martensite, demonstrating that strengthening strategies can
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help or hinder damping depending on the retained mobile
interfaces [3]. Research published in 2026 further illustrates
how deformation sequencing [11] and additive manufactur-
ing followed by annealing [12, 13] can strongly alter the
microstructure—damping relationship. These studies establish
an active contemporary context for investigations of struc-
ture-sensitive damping, but their detailed phase mechanisms
should not be assumed to apply directly to the present steels
without composition and phase analysis.

A-weighted sound levels are commonly used in occupa-
tional noise exposure assessment [14]. Because acoustic
noise commonly spans a broad frequency interval, a single
A-weighted level provides an informative but incomplete
description. A weighting reflects a standardized frequency
sensitivity and compresses spectral information into one
number. Two specimens with the same dBA value may have
different octave-band spectra and very different vibration
signatures. Conversely, a measurable change in dBA does
not by itself reveal how much mechanical energy was dissi-
pated internally. Thus, measurements of sound, resonant
decay, elastic properties and metallography are best inter-
preted as complementary observations instead of inter-
changeable proxies. This is especially relevant when com-
parative tests are conducted on relatively small plate speci-
mens rather than fully engineered machine parts.

The specific research question is whether the three devel-
oped XSM steels exhibit improved impact-acoustic behavior
relative to conventional carbon steels and whether that re-
sponse can be explained by a single measured bulk parame-
ter. The working hypothesis is that enhanced internal friction
will generally favor lower sound radiation, but that the ob-
served acoustic outcome will also reflect structural and dy-
namic factors. A secondary objective is to identify limita-
tions of the existing experimental record and define a defen-
sible verification program for subsequent alloy optimization.

2. Materials and methods

2.1. Materials and experimental scope

The investigated set consisted of three standard carbon
steels (St.10, St.20 and St.45) and three newly developed
alloyed steels designated XSM-1, XSM-2 and XSM-3. The
experimental draft reports melting and subsequent heat treat-
ment of the developed alloys. Plate specimens with dimen-
sions 50x50x5 mm was used for stiffness and vibroacoustic
measurements. The microstructural observations presented
below correspond to XSM-3 in the polished unetched condi-
tion and after metallographic etching. The available records
do not give a complete, internally consistent spectrometric
composition for each XSM grade; therefore, no elemental
concentrations are inferred in this analysis.

The experiments were evaluated as a six-material com-
parative series rather than as a factorial design. The reference
materials were St.10, St.20 and St.45; the newly developed
materials were XSM-1, XSM-2 and XSM-3. In the source
documentation, certain earlier labels for experimental iron—
carbon specimens appear alongside the final XSM nomencla-
ture. Because an explicit specimen-by-specimen equivalence
is unavailable, the quantitative comparative tables use only
the consistent XSM designations. Results for a duralumin
specimen and unfilled damping-decrement fields are dis-
cussed as contextual observations where appropriate, but
they are excluded from the principal six-steel dataset.
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A reproducible comparison of vibration-damping steels
would ideally specify chemical composition, melting atmos-
phere, casting geometry, homogenization temperature, sub-
sequent heat treatment, machining orientation and surface
finish. These factors affect defects, residual stress, segrega-
tion and phase stability. The supplied manuscripts mention
melting and heat treatment, but not all relevant parameters
are documented in a way that supports independent recon-
struction. Consequently, this paper reports the observed rela-
tionships in the available specimens; it does not claim an
optimized processing route or an unambiguous causal effect
of a particular alloying element.

2.2. Measurement of elasticity and internal friction

The shear modulus (G) was determined by a torsional-
oscillation method based on the natural oscillation period of the
specimen. Young’s modulus (E) was calculated from the shear
modulus using the Poisson ratio adopted in the experimental
procedure. Internal friction was used as the principal integral
characteristic of mechanical-energy dissipation. The original
experimental setup for measuring shear modulus and internal
friction under free and forced oscillations is shown in Figure 1.

Figure 1. Apparatus used in the source experiments for tor-
sional-oscillation modulus and internal-friction measurements:
1 —nylon thread; 2 — frame; 3 —rod; 4 — electromagnets; 5, 7 — collet
clamps; 6 —specimen; 8- rheostat; 9 —weight; 10— furnace;
11 —temperature controller; 12 — optical system; 13 —signal generator

For approximately isotropic linear elastic behavior,
Young’s modulus E and shear modulus (G) are related by
E = 2G(1+v), where v denotes Poisson’s ratio. This relation
expresses an assumed continuum model and should not be
used to infer phase-specific stiffness. The original measure-
ment procedure derives (G) from the period of torsional oscil-
lation and geometric or calibration constants of the apparatus.
Because the complete calibration parameters are not available
in the supplied material, the tabulated values are retained as
reported rather than recalculated from the oscillation periods.

Internal friction is commonly expressed in dimensionless
form as Q?, which for weakly damped linear oscillations can
be related to the logarithmic decrement (5) approximately by
Q= d/x. Such equivalence depends on measurement regime
and convention; more generally, the mechanical loss factor is
defined as energy dissipated per cycle divided by 2z times the
maximum stored energy. The numerical internal-friction
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values in this manuscript are reproduced from the experi-
mental tables without assuming that the missing logarithmic-
decrement observations can be recovered. Their units and
scale are presented exactly as tabulated, 104, to avoid confus-
ing them with values reported on other experimental scales.

The measurement apparatus, depicted in Figure 1, com-
prises a supported specimen, a mechanical excitation arrange-
ment and a detection system for free and forced oscillations.
Oscillatory testing is useful for distinguishing stored elastic
energy from internal losses, but both quantities can depend on
temperature, frequency, strain amplitude and specimen condi-
tion. Accordingly, the reported internal-friction values repre-
sent the particular experimental measurement state and should
not automatically be treated as frequency-independent material
constants over all practical service conditions.

2.3. Impact-acoustic measurements

Acoustic and damping characteristics of the plate speci-
mens were evaluated under impact excitation by steel-ball
impact. Decay oscillograms were recorded using a PCS-500
oscilloscope over a 2 ms time window. The recorded signal
characterizes the transient response after impact and allows
qualitative comparison of the decay rate. Sound level was
expressed in dBA. The source manuscript also reports sound-
pressure measurements in octave bands from 125 to
8000 Hz. Only the integral sound-level values that are con-
sistently tabulated for all six materials are used in the com-
parative analysis below.

In an impact-response measurement, the force—time history
of the striking body determines the spectrum of injected ener-
gy. The ball material, diameter, mass, release height or veloci-
ty and contact conditions can therefore influence the resulting
signal, independently of the tested metal. The supplied study
identifies a steel-ball impact method but does not give a com-
plete and consistently associated set of these impact parame-
ters for each specimen. Results are consequently interpreted as
comparative observations under the reported laboratory proce-
dure, rather than as an absolute prediction of field noise.

The 2 ms oscilloscope record is particularly sensitive to
early transient behavior. It can reveal the initial distribution
of peaks and the qualitative rate at which an oscillatory enve-
lope decreases. However, without numerical trace exports,
identical vertical gains, calibration and a specified envelope-
fitting method, precise logarithmic decrement, modal damp-
ing ratio and frequency-selective loss cannot be reconstruct-
ed reliably. The A-weighted acoustic measurements and the
oscilloscope traces are therefore considered separately: the
former provide the principal cross-material numerical rank-
ing; the latter provide visual corroboration only. The under-
lying experimental notes additionally refer to octave-band
assessments between 125 and 8000 Hz, but complete numer-
ical band-by-band measurements were not available for all
six materials.

2.4. Metallography and data-analysis strategy

Metallographic examination was carried out on polished
surfaces before etching and after etching. The unetched sur-
face was used to reveal inclusions, pores and segregation-
related defects, whereas etching was used to reveal grain and
phase morphology. For the six-material dataset, Pearson
correlation coefficients were calculated as descriptive indica-
tors only; because n =6, they are not treated as proof of a
universal functional relationship.
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Metallographic images before etching emphasize surface-
visible inclusions and other heterogeneities, while etched
images make grain-scale morphology and boundary contrasts
easier to inspect. However, etching contrast is sensitive to
reagent, exposure and preparation history. A bright feature
cannot be assigned uniquely to ferrite, a carbide or a second
phase without orthogonal evidence. Here, qualitative metal-
lography is used to formulate hypotheses about heterogene-
ous elastic-wave propagation, not to quantify phase fractions,
grain-size distributions or defect densities.

All comparisons are descriptive. Pearson correlations
were evaluated across the six reported material-grade obser-
vations, with each grade contributing one tabulated row.
With this small sample, between-grade variation may reflect
many coupled material differences, and statistical signifi-
cance would be unstable. No confidence interval for a mean,
standard deviation, hypothesis-test p value or repeatability
estimate is reported because underlying replicate measure-
ments are not supplied. Likewise, differences in decibel
values are correctly treated as differences on a logarithmic
level scale, rather than as direct arithmetic differences in
acoustic power or subjective loudness.

3. Results and discussion

3.1. Comparison of sound radiation and internal friction

The developed steels show a substantially different dis-
sipative response from the reference grades (Table 1). XSM-
1 has the highest internal friction, 21.22x104, and the low-
est measured sound level, 72 dBA. XSM-2 combines
20.16x107* internal friction with 77 dBA. XSM-3 retains a
relatively high internal-friction value of 19.24x10 but its
sound level rises to 87 dBA. In comparison, St.45, St.20 and
St.10 show internal-friction values of 9.11-10.565x10* and
sound levels of 84-89 dBA. Thus, XSM-1 reduces the inte-
gral sound level by 17 dBA relative to St.45 and by 12 dBA
relative to St.20, while its internal friction is approximately
2.3 times that of St.45.

Table 1. Reported internal friction, electrical resistivity and A-
weighted sound level.

Material Internal friction, Elfactrical resistiv-  Sound level,
x10™ ity, x10“Q-m dBA
St.45 9.11 12.24 89
St.20 9.18 13.16 85
St.10 10.565 12.96 84
XSM-1 21.22 14.25 12
XSM-2 20.16 14.28 77
XSM-3 19.24 14.26 87

For the complete six-material set, the Pearson coefficient be-
tween internal friction and sound level is r = —0.70. This moder-
ate inverse association is physically consistent with the expecta-
tion that greater internal dissipation can reduce the energy avail-
able for acoustic radiation. Nevertheless, XSM-3 demonstrates
that internal friction alone does not uniquely determine the
emitted sound: despite its high internal friction, its sound level
is close to that of the standard steels. The result points to addi-
tional effects of phase morphology, elastic response, defect
distribution and impact-coupled vibration modes.

Electrical resistivity is higher for XSM-1-XSM-3 (14.25-
14.28x10°% Q'm) than for the standard steels (12.24-
13.16x10°% Q'm). The descriptive correlation with sound
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level is negative (r =—0.66), but the three XSM alloys have
almost identical resistivity and markedly different sound
levels. Resistivity should therefore be regarded as a struc-
ture-sensitive complementary indicator rather than a direct
predictor of acoustic damping.

The comparison reveals two distinct outcomes. First, all
three newly developed steels have substantially greater tabu-
lated internal friction than the conventional grades. The
smallest value among the developed materials (XSM-3,
19.24x107%) still exceeds the largest reported reference value
(St.10, 10.565x10%). This separation suggests that the alloy
development procedure changed the mechanisms responsible
for mechanical loss, although the dataset does not specify
which microstructural contribution was decisive. Second, the
improvement in sound level is not uniform across all three
candidate materials. The high internal friction of XSM-3
does not translate into a comparably low A-weighted level,
making that alloy an important counterexample to a simple
single-parameter selection rule.

Relative to St.45, the XSM-1 measured sound-level dif-
ference is 17 dB, while the corresponding difference relative
to St.10 is 12 dB. These comparisons are meaningful as loga-
rithmic sound-level differences under the same stated meas-
urement procedure. If one assumed identical A-weighting,
measurement geometry and acoustic reference conventions, a
17 dB difference corresponds to a factor of approximately 50
in the associated mean-square acoustic pressure quantity.
That calculation should not be interpreted as a direct meas-
urement of mechanical energy dissipated, radiated sound
power or perceived loudness. Those outcomes require sepa-
rate calibration and physical interpretation.

The reported resistivity values for the new steels are tight-
ly clustered: 14.25, 14.28 and 14.26x10° Q-m for XSM-1,
XSM-2 and XSM-3, respectively. By contrast, their sound
levels span from 72 to 87 dBA. This near-equality of one
electrical measurement alongside a large separation in acous-
tic response is particularly informative. Resistivity can be
affected by solute atoms, phase fractions, vacancies, disloca-
tions and other scattering centers for conducting electrons, but
the present measurements cannot distinguish among those
causes. In this dataset, resistivity provides evidence of differ-
ences between the developed and reference classes but lacks
resolution to predict the ranking within the new class.

3.2. Elastic properties versus impact sound level

The shear modulus varies within a relatively narrow in-
terval of 8.054-8.49x10%° Pa, while Young’s modulus ranges
from 19.81 to 20.89x10% Pa. These changes are small com-
pared with the 17 dBA span in measured sound level. XSM-
1, which has the lowest sound level, does not have an ex-
treme value of either elastic modulus. The descriptive corre-
lations are r~0.07 for shear modulus and r~-0.18 for
Young’s modulus, confirming the absence of a simple mono-
tonic relationship in this dataset (Table 2).

This observation is important for interpretation. Elastic
moduli determine stiffness and influence natural frequencies
and wave velocities, but acoustic attenuation is governed by
energy-loss mechanisms. Consequently, the sound level
under impact should be interpreted through the combined
effects of stiffness, damping, microstructure and excitation
conditions rather than through Young’s modulus or shear
modulus alone.
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Table 2. Reported oscillation periods, elastic moduli and
sound levels

_ Oscillation Shear Young’s Sound

Material . T2,s  modulus G, = modulus (E), = level,

period (T), s x10°Pa  x10°Pa  dBA
St.45 0.1836 0.0337 8.175 20.11 89
St.20 0.1822 0.0332 8.054 19.81 85
St.10 0.1811 0.0333 8.080 19.88 84
XSM-1 0.1845 0.0340 8.248 20.29 72
XSM-2 0.1862 0.0347 8.148 20.71 77
XSM-3 0.1877 0.0350 8.490 20.89 87

Elastic moduli influence the dynamic stiffness of a plate
and, in combination with density and geometry, its character-
istic mode frequencies. A stiffness increase can shift reso-
nance peaks away from or toward the dominant frequencies
in an impact excitation or a microphone weighting curve. It
may also alter the contact duration and initial velocity re-
sponse of the plate. Consequently, a monotonic association
between one modulus and integrated sound level is not ex-
pected in general. The present data illustrate this point:
XSM-3 has the highest reported G and E and a relatively
high sound level, but XSM-1 has neither the lowest nor high-
est modulus while giving the lowest sound level.

An additional reproducibility check is warranted for the
reported dynamic parameters. The elastic relationship be-
tween E, G and v is straightforward, yet the tabulated E and
G pairs are not all compatible with a single fixed Poisson
ratio if taken literally. This may arise from independent de-
terminations, rounding, transcription or different assumed
conventions. Because the original calibration and raw meas-
urements are unavailable, the data have not been silently
harmonized. Future experiments should provide the exact
relation, v values and uncertainty for each grade. The periods
and their squares should also be recalculated from raw timing
records before submission, given that some printed squared-
period values are rounded and do not exactly match the dis-
played periods.

3.3. Transient acoustic signals

The oscillograms show distinct transient-decay patterns
(Figure 2). The standard St.10 signal retains a comparatively
extended oscillatory envelope, whereas the developed steels
exhibit modified decay behavior. The source draft describes
faster reduction of the sound impulse for the damping com-
positions and a lower integral sound level for XSM-1.
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Figure 2. Example transient oscillogram reproduced from the
source material; interpretation is qualitative because raw voltage—
time points and calibration are unavailable

Because the original manuscript contains blank place-
holders for logarithmic decrement, relative scattering and Q*
values derived from these specific traces, no missing numeri-
cal values are reconstructed in the present version. The oscil-
lograms are therefore used as qualitative support, while the
guantitative comparison relies on the tabulated internal-
friction and sound-level data.

Several additional observations are recorded in the Rus-
sian-language experimental report. The reference St.10 speci-
men was described as exhibiting an initially high and gradual-
ly declining sound impulse, while selected developed samples
showed altered signal envelopes and a more rapid drop in
measured peaks. The same account mentions a duralumin D16
comparison exhibiting multiple peaks over the record. Howev-
er, the narrative uses earlier experimental labels in places
where the figure captions use XSM designations. Rather than
assigning these observations to uncertain material identities,
the present analysis preserves only the qualitative statement
that transient decay differed among the tested specimens.

To convert such information into a rigorous amplitude-
dependent damping result, each voltage trace should be ac-
quired under calibrated and identical impact conditions. The
logarithm of the oscillation envelope could then be fitted
against time for a selected mode and reported with a goodness-
of-fit measure. Measurements would need to be repeated at
several impact energies or strain amplitudes to test the nonlin-
ear contribution of dislocation unpinning, interface mobility or
other amplitude-sensitive processes. Since this validation was
not present in the available records, the manuscript does not
claim a numerical amplitude-dependence exponent or an ex-
perimentally established threshold strain.

3.4. Microstructural evidence

A steel microstructure is an elastically heterogeneous
polycrystalline medium. Neighboring grains differ in crystal-
lographic orientation and local elastic response; phase
boundaries, grain boundaries, inclusions, pores, segregation
zones and lattice defects introduce additional discontinuities.
When an elastic wave propagates through such a medium,
part of its energy is redistributed by scattering and part is
dissipated by irreversible defect and interface processes. This
provides a physical basis for linking metallographic state
with impact-acoustic behavior, while also explaining why a
single bulk elastic modulus cannot fully describe damping.

Before etching, the XSM-3 surface contains dark local
features interpreted in the source manuscript as non-metallic
inclusions and segregation cavities (Figure 3). After etching,
the structural relief is much more pronounced and a ferrite-
pearlite morphology is reported (Figure 4). Such heterogenei-
ty creates multiple characteristic length scales for interaction
with elastic waves.

Grain and phase boundaries can contribute to scattering,
while mobile defects and interfaces can contribute to internal
friction. The damping response is therefore expected to de-
pend on the density, morphology and mobility of these struc-
tural elements rather than on grain size alone.

The metallographic information is limited principally to
XSM-3. It therefore cannot by itself establish why XSM-1
has the best acoustic performance. In particular, no parallel
guantitative microstructure study of XSM-1 and XSM-2 is
documented in the supplied material. The visible XSM-3
heterogeneity nevertheless supports the more general propo-
sition that the developed material is not a perfectly homoge-
neous continuum.
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(b)
Figure 3. Representative XSM-3 micrograph from the original

polished/unetched observations; contrast is not sufficient for
definitive constituent identification

Differences in phase and grain morphology could create
spatial fluctuations in impedance and localized deformation.
Such heterogeneity may modify the pathways by which elas-
tic waves are reflected, transmitted or irreversibly damped.

Scattering and dissipation must be distinguished concep-
tually. Elastic scattering redistributes wave energy among
directions, frequencies or modes; it does not necessarily
convert vibrational energy to heat. Dissipation requires an
irreversible or delayed response, such as defect motion, inter-
face hysteresis or thermoelastic relaxation. An optical micro-
graph cannot measure the partition between these processes.
To establish an actual mechanism, supplementary scanning
electron microscopy, electron backscatter diffraction, X-ray
diffraction, chemical microanalysis and frequency- and am-
plitude-resolved mechanical spectroscopy would be needed.

Among the investigated materials, XSM-1 provides the
most favorable combination of low sound level and high
internal friction. XSM-2 is also clearly superior to the refer-
ence steels by sound level, whereas XSM-3 illustrates that
high internal friction does not automatically translate into
low acoustic emission. For engineering selection, this means
that screening of damping steels should combine at least
three levels of characterization: intrinsic dissipation (internal
friction or loss factor), structural characterization
(grain/phase morphology and defects), and component-
relevant acoustic or vibration testing under representative
excitation.
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(b)

Figure 4. Representative XSM-3 micrograph after etching,
showing heterogeneous morphology and visible boundaries

The current dataset is sufficient to rank the investigated
steels under the applied test conditions, but it does not yet
establish a universal predictive model. Future work should
report verified chemical compositions for all XSM grades,
repeated measurements with uncertainty estimates, quanti-
tative grain-size/phase-fraction analysis, and frequency-
resolved damping. Such additions would enable statistically
supported structure-property relationships and strengthen
transfer of the results to real machine components.

Its measured 72 dBA result offers a motivation to investi-
gate machine brackets, enclosures, supports, gear-related com-
ponents or other dynamically excited parts. However, success-
ful transfer from a small laboratory plate to a real assembly
would require compatible heat treatment, fatigue performance
and manufacturability. Most importantly, the material should
be evaluated in the intended component geometry, where
boundary conditions and modal radiation are likely to differ
substantially from those of the screening specimens.

4, Conclusions

The newly developed XSM steels exhibit higher internal
friction than St.10, St.20 and St.45. XSM-1 reached
21.22x10~* and showed the lowest sound level, 72 dBA.

Relative to St.45, XSM-1 reduced the measured integral
sound level by 17 dBA. XSM-2 showed 77 dBA, while
XSM-3 showed 87 dBA, indicating that the developed com-
positions do not behave identically under impact excitation.
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Internal friction shows a moderate inverse association
with sound level across the six materials, but the XSM-3
result confirms that damping cannot be predicted from inter-
nal friction alone.

No simple monotonic dependence of sound level on shear
modulus or Young’s modulus was observed. Elastic stiffness
should therefore be considered together with dissipative and
microstructural characteristics.

Metallographic observations of XSM-3 before and after
etching demonstrate structural heterogeneity and reveal
grain/phase morphology that can participate in scattering and
internal-friction mechanisms. The combined acoustic-damping-
microstructural approach is recommended for selecting steels
for dynamically and impact-loaded machine components.

The key practical recommendation is to prioritize XSM-1
for repeatable, frequency-resolved testing while using XSM-
3 as a mechanistically informative contrast. Verification of
chemical compositions, structural phases, calibration records
and replicate statistics is essential before submitting claims
of an optimized alloy or deploying these steels in safety-
critical machine components.
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MuKpOKYPBUIbIM, IIIKi YHKEJIC 2KJHe KaHa JIeTHPJICHIeH 0oiaTTapra
Jcep eTy Ke3iHAeri aKkyCTUKAJIBIK »Kayan

P.)K. A6yosa’, I'.A. Bypiykosa, E.C. Mepku6aes
Xanvikapaneix 6inim 6epy kopnopayuscel, Aimamel, Kazaxcman
*Koppecnonoenyus ywin aemop: ryskena@mail.ru

Angatna. bBynm 3eprrey MeXaHWKANbIK OHEPTUSHBIH — IUCCHIIAIMACHl, CEpHIMII KATTBUIBIK, JJIEKTp Kexeprici,
MHKPOKYPBUIBIMBIK T€TEPOTeHALTIK JKoHe JerupieHren bonarTeiH yin xaHa Typi (XSM-1, XSM-2 sxone XSM-3) yIIiH COKKBI
9CepiHiH JBIOBICTHIK CAYJIeNeHyl apachlHIarbl OaiyIaHbICTHl Oaraymaiibl. AHBIKTaMaJbIK MaTepuaniap perinae 10-6am, 20-6an
KoHe 45-0arm MapKanbl CTaHTAPTTHI KOMIpTeKTi Oomarrap maimamaHeurapl. [ImactmHa Topi3mi yirinep (50x50x5 mm) Oomat
IIapIBIH COKKBICHIHA CHIHAJBL, 2 MC OaKbUIay Tepe3eciH/e oTIelNi ocIuIorpaMmMaap Tipkenres. KoceiMimia mamiMeTTep Oypary
TepOetici MeH IBIOBIC JIEHTeHiH eMey Ke3iHe, COHAal-aKk MeTauorpadusuiblK 3epTTeyiep Kyprizy kesinae anbHapl. XSM-1
OONaThI eH YIKEH imki yikemicti (21.22x107#) sxoHe A mKamackl GOMBIHINA €H TOMEHTI OBIOBIC AeHTelin (72 1BA) KepcerTTi, al
aHBIKTaMAJIBIK, 60JIaTTap YIUiH Oy KepceTkimTep colikecimme 9.11-10.565%107 xone 84-89 nBA Gommsl. XSM-2 xone XSM-3
OonarTapbl YIIiH AbIOBIC IEHTeiIepl eki xKaFaiia 1a calbICTRIPMAIIBl TYpAE KOFaphI 111K yiikenicke Kapamactad 77 n1bA sxoHe
87 nbA kypanpl. 3epTTenreH OapiblK anThl MarepHasl yiuiH [IMpCOHHBIH IMIKI YHKeJiC TeH ABIObIC AEHrell apachbIHAAFbI
Koppemsus kodpdunuenti mamamed -0.70 Gommel, anm cepmiMainik MoAymiHIH MOHIEpI aWKbIH MOHOTOHIBI KATBIHACTHI
tammaabl. XSM-3 00iaThIHBIH MUKPOTpadTaphl KYPHUIBIMIBIK TeTEPOreHALTIKTI KopceTe i, Oipak (a3aiblk KypaMIbl OipKaKThl
aHbIKTayFa MYMKiHIIK Oepmerini. Hotmkenep Marepuainabiy ki aemidepi MaHbI3Ibl POJl aTKapaThIHBIH KepceTe/i, Oipak OHbIH
631 COKKBI IIYBIH OOJDKay YIIIH XKETKUIKCI3; (PaKTOpJiap/blH JKUBIHTBIFBIH €CKEepY KaKeT: MOJANBABI Kayall, MUKPOKYPBLIBIM
JKQHE ChIHAK IIapTTapbl. OCHI CANBICTBIPMAIBI 3€pTTey asichiHAa XSM-1 6onaThl €H NMepCTIeKTHBABI HYCKA PETIHAE aHBIKTaJIBI;
AJIBIHFaH HOTHOKEIIep Il TOYeJICi3 TeKCepy YILIH KaXKeTTi eJIeM/Iep Ti3iMi Jie aHbIKTaJIbl.

Hezizzi co30ep: necupnencen 6onam, iwiKi yuxenic, COKKbl wiybl, O0ipindi cOHOIPY, MUKPOKYDOLILIM, CEPRIMOLIIK MOOYI,
MEHWIKmi 371eKmp Ke0epeici, aKyCmuKaiblK dIMUCCU.

MHuUKpPOCTPYKTYpa, BHyTPEHHee TPEeHHEe U AKYCTHYEeCKHH OTKJIHMK MPH
YA1ApPHOM BO3/1€/iCTBMH Y HOBBIX JIETHPOBAHHBIX CTAJIE

P. K. A6yosa’, I'.A. Bypiykosa, E.C. Mepkubaen
Medswcoynapoounas obpazosamenvrasn kopnopayus, Armamol, Kasaxcman
*Aemop ons koppecnondenyuu: ryskena@mail.ru

AHHoOTauMs. B 1aHHOM HCClIeOBaHUN OLIEHUBAIOTCS B3aMMOCBA3HM MEXIY AMCCHUMALNEH MEXaHWYECKOI SHEepruw, ympy-
TOH XKECTKOCTBIO, 3JEKTPUUECKUM CONPOTHBICHHUEM, MUKPOCTPYKTYPHOI HEOJHOPOAHOCTHIO M 3BYKOBBIM H3Iy4E€HHEM IpHU
yIapHOM BO3JCUCTBHH JJIS TPEX HOBBIX BHIOB JerupoaHHoW craimu (XSM-1, XSM-2 u XSM-3). B kadecTBe 3TallOHHBIX
MaTepHaJiOB UCIOIB30BaINCh CTaHAapTHBIE yriepoaucTeie ctamu Mapok Ct.10, Ct.20 u Cr.45. O6pasus! B opMe TIIaCTHH
(50%50%5 MM) mmoiBepraguch UCIBITAHUAM Ha YAap CTAIBHBIM HIAPHUKOM; IPU 3TOM PETUCTPUPOBATIUCH IEPEXOAHBIE OCIIHUILIO-
TpaMMBI B OKHE HAOIIOACHUS JUINTENFHOCTBIO 2 MC. JlomoTHUTEIbHBIE TaHHBIE OBUTH TOJTyYeHBI B XO/€ U3MEPEHUH KPYyTHIIb-
HBIX KOJIEOAHUH M YpOBHS 3BYKa, a TakKe IPH MPOBeIeHUN MeTamiorpaduieckux ncenenoanuid. Crans XSM-1 nponeMon-
cTpupoBaia Haubonbllee BHyTpeHHee Tpenue (21.22x107%) u HaumeHbLIMI ypoBeHb 3ByKa 110 mkane A (72 n1BA), Toraa kak
I STAOHHBIX cTajiell 9TH mokasartenu coctaBuiu 9.11-10.565x107* u 84-89 nBA cootserctBenHo. s craneit XSM-2 u
XSM-3 ypoBHu 3ByKa cocraBwin 77 1bA u 87 nbA, HECMOTPsI Ha OTHOCHTENBEHO BBICOKOE BHYTPEHHEE TPEHUE B OOOMX CIIy-
yasx. Koaddunment xoppemsiuun [Inpcona Mexxay BHyTPEHHHM TPEHHEM M YPOBHEM 3BYKa JJIsl BCEX IIECTH MCCIIEAOBAaHHBIX
MaTepHajioB cOCTaBmI npuOIm3uTensHo —0.70, B ToO BpeMs Kak 3Ha4eHUs] MOIyJSl YIPYTOCTH HE OOHApYKHUIIM 9eTKOH MOHO-
TOHHOW 3aBHcHUMOCTH. MuKkpodoTtorpadun cramm XSM-3 yka3sIBalOT Ha CTPYKTYPHYIO HEOJZHOPOIHOCTH, OJHAKO HE MO3BO-
JSIFOT OJJTHO3HAYHO MAEHTH(UIMPOBATh (a30BBIi cocTaB. Pe3yabTaThl MOKAa3bIBAIOT, YTO BHyTPEHHEE IeMII(UPOBaHNE MaTepH-
aja UrpaeT BaXXHYIO POJIb, HO €ro OJHOTO HEJOCTAaTOYHO JUIA IIPOTHO3UPOBAHMS IIyMa MPH yAape; HE0OXOAUMO YYUTHIBATh
COBOKYITHOCTH (DaKTOPOB: MOJAIBHBIM OTKJIWK, MHKPOCTPYKTYPY H YCJIOBHS NPOBENCHMSA HCHBITAHWH. B paMkax maHHOTO
CPaBHHTEILHOT'O HccieqoBaHus ctab XSM-1 BblieneHa kak Hanboliee NepCIeKTHBHBINA BapHUaHT; TaK)Ke ONpe/IesieH IepedeHb
M3MEpeHUil, He0OOXOIMMBIX JUIS HE3aBUCHMOW TIPOBEPKH TTOJIyYEHHBIX PE3yJIbTaTOB.

Kniouegvie cnoea: necuposannas cmainv, 6Hympennee mpenue, YOapHullli wiym, gubpozauienue, MUuKpoCmpyKkmypa, mooyib
ynpyzocmu, yOenbHoe 1eKmpuieckoe COnpoOmueieHue, aKyCmuieckas IMUCCUs.
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