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Innovative technologies in the study
of mechanical properties of materials

Abstract. The article provides an overview of modern innovative technologies used to study the mechanical properties
of materials using universal breaking machines. The focus is on the integration of machine vision technologies, machine
learning algorithms and high-speed stereoscopy, which provide new capabilities for analysing the behaviour of materials
during static and dynamic loads. An important aspect of the research is the improvement of traditional test methods
through the introduction of innovative components: high-speed cameras that allow recording material deformations with
microsecond precision; stereoscopic systems that create three-dimensional models of material behaviour under load; as well
as lighting devices that provide uniform illumination of the test object. These technologies are synchronized with powerful
computing modules capable of analysing large amounts of data in real time. The authors emphasise that the integration
of computer vision and machine learning algorithms can significantly reduce the impact of the human factor on research
results. Automated analysis systems are able to accurately detect and classify defects, simulate types of failures and predict
the behaviour of materials under various loading conditions. Examples of the use of such systems in the study of complex
composites, metal alloys and the latest polymers are also given. Additionally, innovative approaches to the creation of
dynamic loads that allow testing for impact strength and endurance are considered. The article shows how automated test
process management systems increase research efficiency by providing greater accuracy, repeatability of results, and faster
data processing. The practical significance of the described developments lies in their wide application in industries where
the study of the mechanical properties of materials is critical, such as aircraft construction, mechanical engineering, energy
and construction. A high level of automation and accuracy of tests, provided by the introduction of modern technologies,
allows setting new standards for the quality of research and creates prospects for the further development of materials
science. Thus, the presented approach to improving universal breaking machines contributes to increasing the accuracy of
measurements, expanding the functionality of traditional test systems and creating more efficient methods for studying
materials
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Introduction

Modern trends in the field of materials science demon-
strate the rapid development of technologies aimed at
improving the mechanical properties of materials, as well
as improving the methods of their research. The relevance
of this topic is determined by the increasing demands on
the quality of materials in various industries, including
mechanical engineering, construction, automotive, and
aviation. Within the framework of this study, special at-
tention is paid to innovative approaches presented in the
works of leading scientists. In particular, the article [1] ex-
amines trends in improving the mechanical properties of
materials created by the additive manufacturing method.
The main emphasis is placed on the use of metal, ceramic
and polymer materials, which, thanks to this technology,
obtain much better characteristics. This study shows the
prospects of additive manufacturing in the context of en-
suring high mechanical parameters of products.

Another important study presented [2] focuses on the
experimental study of the effect of vibration on the me-
chanical properties of parts made by extrusion of materi-
als. The use of high-frequency vibrations made it possible
to significantly increase strength and reduce stress in the
material. This approach expands the possibilities of addi-
tive manufacturing by adding tools to improve the quality
of the final product.

In addition, the article [3] discusses an innovative
non-contact method for estimating the strain distribution
using digital image correlation (DIC) and laser speckle pat-
tern. This method provides high accuracy in determining
local deformations and allows you to obtain data in real
time without physical interference with the test process.
The application of this approach significantly expands the
possibilities of testing in materials science, making them
more efficient and accurate.

In this way, these studies demonstrate how modern
technologies can be integrated into the study of the me-
chanical properties of materials. This article will consider
the further development of these ideas in the context of
the introduction of innovative approaches to working with
universal breaking machines and the use of machine vision
for the analysis of deformation processes.

Results

Continuing the ideas presented in the studies reviewed,
our work focuses on integrating machine vision and au-
tomated data acquisition systems to improve test accu-
racy. The use of high-speed cameras in combination with
computer vision algorithms makes it possible to obtain
three-dimensional models of deformations in real time
and investigate the process of material shaping, deforma-
tion, crack formation, etc. [4, 5].

The integration of vibration technologies, as shown in
the paper [6], can be applied to reduce residual stresses in
the materials being tested. The addition of such modules
to modern universal breaking machines will provide better
quality results and allow for more repeatability of research.

In addition, the introduction of digital image correla-
tion [7] opens up new perspectives for non-contact defor-
mation analysis. This method avoids the impact of contact
devices on the sample, which is especially important when
testing thin-walled or brittle materials.

Analysing traditional methods and means of studying
the characteristics of materials of machine parts and struc-
tures, such as static tensile or compression load, it is advis-
able to single out the main components of such systems.

Load sensors - installed in the machine to accurately
measure the applied load. The accuracy of the sensors is
critical in determining the strength of the material [8]:

o Extensometers. Measure the deformation of the
sample under load. Extensometers can be contact (me-
chanical or electronic) or non-contact (optical systems).
Contact extensometers are attached to the specimen and
record elongations, while non-contact extensometers use
lasers or cameras to track deformations [9].

¢ Data collection and processing system. Includes
software for real-time recording of load and strain read-
ings. The data are analysed to plot stress-strain, determine
the modulus of elasticity, yield strength and other param-
eters. This software also allows you to store, analyse, and
visualize test results [10].

Measuring systems used in widely used test benches
cannot be adapted to ensure the required test accuracy due
to the high transience of processes during pulse and high-
speed dynamic load studies.

Pulsed material testing equipment creates significant
loads in a short period of time, requiring high-precision
data collection and analysis. In such studies, the use of ma-
chine vision opens up new opportunities for observation
and analysis of materials [11].

Modern machine vision systems significantly improve
the quality of tests, as they allow you to analyse the behav-
iour of materials during fast-moving deformation processes
that occur under the influence of impulse loads. Tradition-
al measurement methods often have difficulty accurately
capturing rapid changes in material, while machine vision
provides high speed and accuracy in image acquisition [12].

The integration of machine vision into pulse equip-
ment provides the possibility of detailed analysis of
fast-moving processes, such as deformations and destruc-
tion of materials under the influence of impulse loads. This
requires building a dedicated module that can efficiently
capture images at high speeds and process them in re-
al-time. A machine vision-based measurement system
should consist of the following components.

1. Camera systems — high-speed cameras with a shoot-
ing frequency of 10,000-1,000,000 frames per second (FPS)
to capture fleeting changes. Pulse tests, such as shocks or
explosive loads, require the capture of events lasting only
milliseconds. High-speed cameras (e.g., up to a million
frames per second) can capture these short-lived process-
es, allowing researchers to see how material breaks down
or changes under load. This technology is indispensable
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for analysing the dynamics of crack propagation or instan-
taneous deformations [6]. For three-dimensional model-
ling of strain, it is advisable to use stereoscopic cameras,
with the help of which you can create three-dimension-
al models of strains in real time. This allows you to in-
vestigate how a material responds to impulse loads in all
three dimensions, which is important for materials with
anisotropic properties. Three-dimensional visualization
helps to better understand the behaviour of the material
and allows for a deeper analysis of fracture processes [9].
The location of the chambers needs to provide coverage
of the entire test area and the viewing angles required
for analysis from different positions. Thanks to the use of
high-resolution cameras, it is possible to detect microc-
racks or changes in surface texture that occur under the
influence of pulse load. For example, when examining the
impact strength of a material, it is important to identify
the slightest initial defects that can lead to failure. Optical
systems detect these changes even before they become no-
ticeable in any other way [10].

2. Lighting system — pulsed LEDs or laser light sources
that provide short-term and bright lighting for high-quali-
ty capture of frames without blurring. The lighting system
must have a lighting synchronization system with the cam-
eras to ensure the best image quality at high speeds [11].

3. Compute unit for image processing — processor or
graphics processing unit (GPU) for fast processing of large
numbers of frames in real time. Since pulse tests generate
huge amounts of data in a very short time, it is important
to use software that can process this data in real-time. Ma-
chine vision, combined with computer vision algorithms,
allows for automatic analysis of the resulting images to
identify key parameters such as deformation rate, crack
propagation, and overall material behavior [12].

Computer vision algorithms including: detection
of deformations and displacements: analysis of shifts
and changes in material structure based on sequences of
frames. Specialised machine learning algorithms can pro-
cess and analyse the resulting images, providing accurate
determination of deformation parameters and anomaly
detection. This allows you to better predict the behavior
of the material under load and makes the research pro-
cess more efficient. Algorithms can also be used to classi-
fy types of fractures and analyse the nature of cracks [13].
Thanks to machine vision, it is possible to automate the
process of detecting defects in samples after testing. This
technology is able not only to record changes, but also to
distinguish between types of deformations and damage,
helping researchers make more informed decisions about
further analysis or adjustment of materials.

Three-dimensional modeling of deformations using
stereoscopic cameras allows for accurate analysis of chang-
es in the structure of materials under load. The cameras
capture synchronous images that are processed to create a
3D model of warps in all directions (X, Y, Z). It is a high-pre-
cision non-contact method that provides detailed anal-
ysis of complex deformations, particularly in composite

materials. Such a system provides an in-depth understand-
ing of the behaviour of materials, including in real time.
Interfaces with machine learning tools are integrated
into data collection and analysis systems, which allows you
to automate the processing of large amounts of informa-
tion. They are able to classify types of fractures, such as rup-
tures, cracks or plastic deformations, based on pre-trained
models. Also, these interfaces predict the behaviour of ma-
terials using algorithms that detect hidden patterns in the
data. This improves the accuracy of estimates and allows
you to predict material properties in difficult conditions.
4. Data collection and synchronisation system — this is
a face for communication with pulse equipment: synchro-
nization of the moment of shooting cameras with pulse
load. A synchronisation controller to control the camera,
lighting and computing unit system, ensuring the correct
interaction of all components.
5.Data analysis and visualisation software is a user in-
terface for adjusting test parameters such as frame rate and
light intensity. Module for real-time visualisation of analysis
results, including three-dimensional deformation models.
An automatic reporting system that stores the collected data
generates reports and visualisations for further analysis.
Figure 1 presents a schematic functional diagram of a
measuring system based on machine vision for the study of
impulse loads on testing machines.

Material sample

| Machine Vision Module |

’ The camera system ‘ ’ The lighting system ‘

T

’ Computing Unit ‘

-

Analysis and Visualization
Software

User Interface

Allows you to manage trials
Display real-time data
Generate reports
Save results for further analysis

Figure 1. Schematic functional diagram of a measuring
system based on machine vision for the study of impulse
loads on testing machines
Source: developed by the authors

On the proposed functional diagram, the following
structural elements can be distinguished:

1. Test stand. The module integrates with the test
stand, where the sample is subjected to a pulse load.

2. Machine vision module:
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+ the camera system captures the deformations of the
sample at high speed;

¢ the lighting system provides optimal lighting for
high-quality image capture.

3. Computing unit: processes the obtained images,
performs analysis and simulation in real time.

4. Analysis and visualization software: conducts au-
tomatic analysis and creates three-dimensional models of
deformations.

5. User interface: allows you to manage trials, display
real-time data, generate reports, and save results for fur-
ther analysis.

Conclusions

The introduction of innovative technologies in the study
of mechanical properties of materials opens up new op-
portunities for improving the accuracy and information

content of tests. The use of machine vision, high-speed
cameras and machine learning tools allows you to auto-
mate the processes of data collection and analysis, reduc-
ing the impact of human error and providing detailed con-
trol of deformations in real time. This greatly expands the
possibilities of studying complex and composite materials.

The integration of such systems into test equipment
contributes to a deeper understanding of the behaviour of
materials under dynamic loads, allowing you to predict their
strength and reliability in difficult conditions. The results ob-
tained not only improve the quality of experimental research,
but also provide practical solutions for industries where high
accuracy and efficiency are required. Future research may
focus on improving analysis algorithms and integrating even
more sensitive data acquisition systems, allowing for an even
better understanding of material properties and predicting
their behaviour in challenging operational environments.
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IHHOBaUiMHI TexHoNorii y pocnigxeHHi MexaHIiYHuX
B/IaCTUBOCTEMN MaTepianis

AHOTaUiqa. Y cTaTTi mpeacTaBieHo OIS CYYacHMUX iHHOBAI[iMHMX TEXHOJIOTI, 110 BUKOPMUCTOBYIOThCS JIJIST TOCTiIKeHHSI
MexaHiUHMX BJIACTMBOCTEN MaTepiasiB 3a JOIIOMOrOI0 YHiBepcaJbHUX PO3pUBHMX MalinH. OCHOBHY yBary NpuiijieHo
iHTerpalii TeXHOJIOTiii MalllMHHOIO 30PY, AITOPUTMiB MalllHHOTO HaBUaHHS Ta BUCOKOLIBU/KICHOI CTepeOoCKoTil, sKi
3a6e3MeuyloTh HOBi MOK/IMBOCTI [IJIT aHAJTi3y MOBEIiHKM MaTepialiB ITi/ yac CTaTUUYHUX i AMHAMIUYHMX HaBaHTaKeHb.
BaykIMBUM acIeKTOM JOC/TiIKeHHS Oy/I0 BIOCKOHAJIEHHS TPAAUIIiiHMX METOiB BUITPOOYBaHb IIITXOM BIIPOBAsKEHHS
iHHOBAIiiHMX KOMITOHEHTIiB: BUCOKOIIBUAKICHUX KaMep, IO J03BOJISIIOTH QikcyBaTu medopmaliii matepiany 3
MiKpPOCEKYHHOIO TOUHICTIO; CTEPEOCKOIIIUHMX CUCTEM, SIKi CTBOPIOIOTh TPUBMMIiPHiI MOz TOBeliHKM MaTepiany mif,
HaBaHTaKEHHSIM; @ TAKOK OCBiT/IIOBAJIbHUX MIPUCTPOIB, 1110 3a6€311eUyi0Th PiBHOMipHE OCBIiT/IEHHS 00’€KTa BUITPOOYBaHb.
3a3HavYeHi TEXHOJIOTii CMHXPOHi3YIOThCS i3 MOTY>KHUMM 06UMCTIOBAIBHMMY MOAY/ISIMU, 3MaTHVUMM ITPOBOAUTY aHAIi3
BEJIMKUX OOCSTIB TaHUX Y peaJibHOMY Yaci. ABTOpU MiJKPECTIOIOTh, 1[0 iHTerpailist airoOpuTMiB KOMIT IOTEPHOTO 30Dy
Ta MalIMHHOTO HAaBYAHHSI TO3BOJISIE CYTTEBO 3MEHIIMUTY BIJIMB JIOACHKOTO (haKTOpa Ha pe3yJbTaTy AOCiIKEHb.
ABTOMAaTM30BaHi CMCTEMM aHaJIi3y 34aTHI TOYHO BUSBJISITU Ta KiacudikyBaTu AedeKTr, MOOeT0BaTy TUIIM PYITHYBaHb
Ta MPOTHO3YyBaTy MOBEAiHKY MaTepia/liB 3a pisHUX YMOB HaBaHTa>keHHs1. TakoX HaBeAeHO MPUKIAAU 3aCTOCYBaHHS
TaKUX CUCTEM Y ITOCTiIKeHHSIX CKIaJHUX KOMIIO3UTiB, MeTaJieBUX CIJIaBiB i HOBiITHiX mosiiMepiB. [JoOJaTKOBO PO3I/ISTHYTO
iHHOBAIIiJiHI ITiIX0aM 4O CTBOPEHHS AMHAMIUYHNMX HaBaHTaXKEeHb, 1110 JO3BOJISIIOTh TPOBOAUTI BUIIPOOYBAaHHS HA yIApHY
MIIIHIiCTh Ta BUTPUBAJIICTh. Y CTATTi ITOKA3aHO, SIK aBBTOMATM30BaHi CCTEMY YIIPaB/IiHHS BUITPOOYBaTIbHMMU ITIPOLIECAMMU
i ABUIIYIOTh €(PeKTUBHICTb JOC/TiIKeHb, 3a6€311eUy0un OiJIbIITy TOYHICTh, TOBTOPIOBAHICTh PE3Y/IbTATIB i MPUILBUAIIEHY
06po6Ky maHuX. [IpakTUUHEe 3HAYEHHST OMMCAHMX PO3POOOK TOJISITae B iX IIMPOKOMY 3aCTOCYBaHHI B Tay3sX, e BUBYEHHS
MeXaHiUYHMX BJIACTUMBOCTEN MaTepialiB € KpUTUYHO BaXKIMBYM, TAKUX K aBiaOyaIyBaHHs, MalIMHOOYIyBaHHS, EHEPreTHKa
Ta 6yAiBHUIITBO. BUCOKMIT piBeHb aBTOMAaTH3alIlii Ta TOUHOCTI BUIIPOOYBaHb, 3a06e31eYeHN it BIIPOBA/IKEHHSIM CyJYacHUX
TEeXHOJIOTiii, JO3BOJISIE 3a4aBaTH HOBi CTAaHIAPTU SIKOCTi JOCTiIKeHb i CTBOPIOE TIePCIIEKTUBU [IJIS MOJAJIbIIIOT0 PO3BUTKY
MaTepiasio3HaBCTBA. TakMM UMHOM, TIpeACTaBIAeHNI MigXi 10 BOOCKOHAIEeHHS YHIBepCAIbHUX PO3PUBHUX MAIIUH CIIPUSIE
MiIBUIIEHHIO TOYHOCTI BUMipIOBaHb, PO3UIMPEHHIO QYHKIIIOHATBHMUX MOXKIMBOCTEN TPAAUIIIHMUX BUITPOOYBAJIbHIX CUCTEM
i cTBOpeHHIO 6ibIll e(heKTUBHUX METOAIB NOCTiKEHHST MaTepiatiB

Krnio4oBi crioBa: yHiBepcasbHi pO3PUBHI MAallMHM, MAIIMHHUI 3ip, iMIOy/JIbCHEe HaBaHTa)KEHHS, MPOTHO3YBAaHHS
MOBEeIiHKM MaTepialiB, ONTUYHI CMCTeMM BUMipIOBaHHS, aiTOPUTMI MAIIMHHOTO HaBUaHHSI, Bidyasisallis nedopmaliiii
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