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Bcmyn

20-21 kBitHs 2023 poky Ha Kadeapi TEXHOJIOTIi MeTajliB Ta MaTepiaJ0O3HaBCTBA Bi10Y-
nacsa MixkHapoHa KoH(pepeHIis 3100yBadiB BUIOI OCBITH 1 Moonux yuyeHux «CydacHi ma-

Ha xoHubepeHmii po3risiaanics TUTaHHs MiABUILNEHHS JOBrOBIYHOCTI JeTalieil MallIuH,
SIK1 BUPIIIYIOTHCS B OCHOBHOMY 33 PaXyHOK BHOOpPY SIKICHUX MaTepiajiiB Ta €EeKTUBHUX CIIO-
co0iB ix 00poOku. IIIupoko BUKOPHCTOBYETHCS MOBEPXHEBA 0OpOOKa ISl MiABUILEHHS 3HO-
COCTIMKOCTI 1 MEXaHIYHHUX BJIACTHBOCTEH BHUPOOY B LIJIOMY — HAHECCHHS 10HHO-TIJIA3MOBHX
MOKPUTTIB, iI0HHE OOMOapIyBaHHs Ta iH., KOMOIHOBaHI METOIM OOPOOKH.

Jliist 3MIIIHEHHST TTOBEPXHEBOTO IIapy HIMPOKO BHKOPHCTOBYIOTH HAIUIABICHHS pO0O-
YUX TIOBEPXOHb, MOAM(IKYBaHHS BTOPUHHOK CHPOBHHOIO, IO JTO3BOJISIE OJIEPIKYBATH TOK-
PHUTTS 3 BUCOKUMH (Di3UKO-MEXaHIYHUMU U TPHOOTEXHIYHHUMH BIACTHBOCTSIMHU.

3HayHa yBara MNpUAIJIeHa HAHOTEXHOJIOTiIIM — HAHOMOJM(IKYBAaHHIO aFOMIHIEBHX
CIUIaBiB, BABYCHHIO OCOOJIMBHX BJIACTHBOCTEH HAHOAMCIIEPCHUX MaTepialiB.

Ha kondepenmii Oyna npuijeHa yBara TEXHOJIOTISIM 3BapIOBAHHS, PO3BUTOK SKHX
BILJIMBAE Ha MPOTPEC Yy PI3HUX Talny3aXx MPOMHCIOBOCTI 1 OyIiBHUITBA, JOCTIIKEHHIO CTPYK-
TypH Ta BIACTUBOCTEH 3BapHUX 3'€THaHb. Po3risganucs TakoX mUTaHHS OOpPOOKM TUCKOM -
TiIpOJMHAMIYHE BHABIIOBAHHS, OCOOIMBOCTI ()OPMYBaHHS CTPYKTYpH BHUCOKOBYTJICLIEBOI
CTaJIl MiCHs rapsiuoi MmIacTU4HO1 Aedopmallii, IpecupyBaHHS CTai.

OOMIH TyMKaMH 3 TUTaHb, MOB'SI3aHUX 3 BUPIIICHHSM MPOOJIEM MiABUINCHHS TOBTOBi-
YHOCTI MAIlIMH, BJIOCKOHAJICHHS METOMIB MOBEPXHEBOI 3MIITHEHHS Ta TEXHOJIOTIH OOpOOKH,
y4aCHHKaMH KOH(EPEeHIIii € KOPUCHUM 1 aKTyaIbHUM.
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FORCE CONTROL STRATEGIES TO REDUCE WELD DISTORTION
AND COLD CRACKING IN LASER BEAM WELDING

Wasilewski E., M.Sc., research associate
Brandenburg University of Technology Cottbus-Senftenberg

Abstract. In recent years, lightweight construction and the demand for resource and energy efficiency
have increasingly supported the use of high-strength steels. Laser beam welding (LBW) of these mate-
rials is used in industrial mass production to efficiently manufacture high-precise components and
parts with the highest quality requirements. Avoiding welding-related defects such as weld distortion
and cold cracking is critical. Conventional applications currently meet this requirement to a limited
extent due to very restricted process tolerances and the use of non-critical materials, which limits the
potential of the joining process. Based on FE welding process simulations, concepts have been devel-
oped to reduce distortion and cracking through active control of the LBW process. The underlying
models consider the weld induced temperature field, microstructure transformations, and residual
stresses to calculate distortion. In addition, the local hydrogen concentration is calculated, and the
results of the welding process simulation are evaluated using a cold cracking tool that includes mate-
rial-specific cracking criteria. The ability to simulate distortion and cold cracking behavior opens up
the possibility of parameter variation. From the data collected, concepts of active force introduction
with dynamic workpiece clamping have been derived that lead to distortion and cold cracking reduc-
tion and promote the weldability of high-strength materials.

Keywords: Laser beam welding, High-strength steel, Weld Distortion, Cold-Cracking, Finite element
welding simulations

CTPATEI'Il KEPYBAHHSI 3YCUWJLISAM J1J151 SMEHIIIEHHS BUKPUBJIEHHS 3BAP-
HOI'O IBA 1 XOJIOAHOI'O PO3TPICKYBAHHS ITPU JIASEPHOMY 3BAPIOBAHHI

Wasilewski E., maricTp Hayk., HayKoBHii ClliBPOOITHHK
BpannenOyp3pknii Texnivnnii yHiBepcurer Kor0yc-3endrendepr

Anomauin. Ocmannimu poxamu OVOIGHUYMBO I NORUM HA PECYPCO- MA eHepeoepeKmusHicnms 0eoani
Oinvbue cnpusaloms GUKOPUCTIAHHIO 8UCOKOMIYHUX cmaneu. Jlasepue npomenese ssaprosanns (JI113)
yux mamepianié UKOPUCMOBYEMbC 8 NPOMUCTIOBOMY MACOBOMY BUPOOHUYMSBE 0I5l e(heKMUBHO20 U-
20MOBNeHHSl BUCOKOMOYHUX KOMNOHEHMIG i Oemanell 3 HausUWuMu UMO2aMU 00 AKOCTI. YHUKHeHHs
Oeghexmig, no8's3aHux 3i 36APIOGAHHIM, MAKUX K BUKPUBTICHHS WEA | XOL0OHe PO3MPICKY8AHHS, MAE
supiwanvre 3Havenns. Tpaouyitini cnocobu 36aprosants 6 OaHull Yac 8ionoeioaoms yitl UMO3i 8 00-
MediceHill Mipi uepe3 Oyxce JHCOPCMKI MEXHONO02IUHI OONYCKU | SUKOPUCTHAHHA HEKPUMUYHUX Md-
mepianis, wo ooMmedcye nomenyian npoyecy 3'eonanus. Ha ocnosi mooentoeanms npoyecy 36apiosanis
MemoOoM KiHYeux ejemenmis Oyiu po3poOieHi KOHYenyii 3MeHUeH s BUKPUBTICHHS Md PO3MPICKY-
BAHHA 30 PAXYHOK AKMUBHO20 KePYBAHHS NPOYECOM 36apro8ans nio ¢irocom. OcHOBHI modeii 8paxo-
8y10mMb IHOYKOBAHE 38aPIOBATIbHUM UIBOM MeMNepamypHe noie, nepemeoperts MiKpoCmpyKmypu ma
3ANUWKOBI HANPYXHCEHHA O PO3PAXYHKY 8UKpugnenHsa. Kpim mozo, po3paxo8yemuvcs NOKAIbHA KOH-
yeumpayisi 600HIO, A pe3yIbmamu MOOeI08aAHHs NPOYeCy 36aPHOGAHHS OYIHIOIOMbCS 34 O0NOMO20H0
IHCMPYMEHMY XOJI00H020 PO3MPICKYBAHHS, SAKUL 6KIOYAE Kpumepii po3smpicKy8anis, cneyuiuui o
KOHKpemHo20 mamepiany. 30amuicmes moodeniosamu 0e@opmayiio i noeediHKy X0100H020 PO3MPICKY-
BAHHI BIOKPUBAE MONCIUBICTNL 8apiiosanHs napamempis. Ha ocrosi ompumanux oanux po3pooaeHo
KOHYenyii npukiadants akmueHol cuiu 3 OUHAMIMHUM 3AMUCKAHHAM 3A20MOBKU, SIKI NPU3800mMb 00
3MeHwenHs deghopmayii ma Xoa00HO20 POIMPICKY8AHHS | CNPUSIOMb 38APIOGAHOCTI GUCOKOMIYHUX
mamepianis.



Knrouoei cnoea: 36aprosanns nazeprum npomenem, Bucokomiyna cmans, Bukpusienns 36apnozo wiea,
Xonoowne pozmpickysanns, MoOento8anHs 36apio8anHs MemooOM CKIHUeHHUX eleMeHmIs.

Introduction

To achieve the quality standards and economic productivity required for Laser Beam Welding
(LBW), it is essential to prevent welding-related defects like distortion and cracking, particularly in
the context of industrial mass production. Active process control for reducing distortion and cracking
has not been technically implemented jet, as these issues emerge after the welding process. Conse-
quently, maintaining the required quality standards relies heavily on the strict tolerances of the com-
ponents being welded. Furthermore, the utilization of high-strength materials is restricted due to their
moderate weldability, preventing their full potential from being realized.

This study shows the development of a simulation-controlled process that employs dynamic
workpiece clamping for precise force application during LBW. The aim is to develop concepts that
guarantee excellent weld quality with minimal distortion, specifically focusing on the prevention of
defects such as cold cracking. The methodical approach considers three key components: Finite Ele-
ment (FE) welding simulation, cold crack prediction using a specialized tool, and process control us-
ing a clamping device with dynamically adjustable axes (as shown in the left portion of Figure 1). To
accurately calculate distortion, it is essential to perform a combined thermo-metallurgical and thermo-
mechanical analysis that considers both welding parameters and microstructure-dependent material
properties. Cold cracking typically occurs during the cooling phase of a hardened structure in regions
with high tensile stress and increased hydrogen concentrations. As such, the simulation also models
the distribution of diffusible hydrogen. To assess the cold cracking susceptibility, the relevant influ-
encing factors (heating rate, maximum temperature, cooling time, stresses, and hydrogen concentra-
tion) for all regions of the weld and heat-affected zone (HAZ) are analyzed using a coupled cold
cracking tool. This tool is used in conjunction with a material-specific cold cracking criterion, as illus-
trated in Figure 1 within Chapters 2 and 3. By considering these factors, the approach aims to mini-
mize the risk of cold cracking and improve overall weld quality.

FE Welding Simulation Cold Crack Prediction Dynamic Clamping Device
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Fig. 1. Three components: FE welding simulation, cold crack prediction using a cold crack tool

A dynamic clamping device, depicted in the right section of Figure 1, enables the application
of time-varying axial forces and torques during the LBW process by adjusting a specific axis. The op-
timized control variables for mitigating cold cracking and distortion are derived from the simulations.



Analysis of Publications

Laser beam welding represents a cutting-edge welding technology that utilizes a highly fo-
cused and intense beam of monochromatic light as the energy source for welding. The focused nature
of the laser beam enables precise control over the amount of energy applied to the material, resulting
in a highly efficient and accurate welding process. LBW can be performed at high speeds, providing a
significant advantage in terms of reducing the time and cost associated with welding operations. [1, 2]

In the automotive sector, LBW is widely used to join crucial components of vehicles, such as
body panels, exhaust systems, and engine parts, as it results in stronger and more visually appealing
welds. Coviello et al. [3] introduced a new method for joining Al-Si-coated blanks in automotive ap-
plications using a filler wire and laser optics with variable energy distribution. This approach resulted
in high tensile strength and hardness while being stable, reliable, and suitable for production. Nayak et
al. [4] covers the use of laser welding for advanced high-strength steels (AHSS) in automotive applica-
tions, highlighting its benefits in reducing weight and improving fuel efficiency. The aerospace indus-
try also highly values LBW for its ability to produce high-quality, reliable welds that meet tight toler-
ances and minimize distortion, making it the preferred choice for welding critical aircraft components
such as landing gear, engine parts, and turbine blades. Wen et al. [5] examine the formation of porosi-
ty and burn through holes in laser welding of titanium alloys in aerospace, considering different weld-
ing positions and parameters. With support of numerical simulations, the study finds that low heat in-
put can reduce burn through holes in the vertical up position, while higher laser power and speed can
reduce porosity in the vertical down position.

To address the problem of distortions in LBW, a number of control strategies have been de-
veloped to reduce it. Fahlstrom et al. [6] present a study that investigates the impact of laser welding
on the distortion of ultra-high-strength steels in the automotive industry. The study identifies key pa-
rameters that influence the magnitude and distribution of distortions and provides effective measures
to minimize them, for example, by adjusting the welding speed or the clamping setup. Babu et al. [7]
studied the effect of aluminum heat sink and cooling medium on laser welding of duplex stainless
steel. The results show that the use of a heat sink has a positive effect on distortion, while slower cool-
ing rates in air quenching result in higher tensile strength. The objective of the study is to experimen-
tally analyze the effect of cooling medium and heat sink on the mechanical and metallurgical proper-
ties of laser-welded duplex stainless steel. One of the most effective strategies is active force control,
where an external force is introduced during the welding process to counteract the forces causing dis-
tortion. Schricker et al. [8], for example, developed an adaptive clamping device for laser-beam weld-
ing in a butt-joint configuration. The device uses sensors and actuators to acquire data and adjust the
process conditions and workpiece position during welding.

Cold cracking is another major issue in LBW caused by hydrogen in the weld zone. High-
strength steels are particularly vulnerable to this issue due to their increased hardness and tensile
stresses [9]. Velasquez et al. [10] assess the risk of hydrogen-induced cracking (HIC) in safety-
relevant SA-508 pressure vessels. The study aims to eliminate the 48-hour hold time requirement be-
fore non-destructive testing. The results show that the HIC susceptibility is ranked by the time to fail-
ure and sustained mechanical energy, highlighting the importance of proper testing to prevent potential
failures in pressure vessels. To address the problem of cold cracking in LBW, the use of test proce-
dures and simulations can be effective in reducing the susceptibility to cold cracking. Kannengiesser
and Boellinghaus [11] provide an overview of current technologies and applications for assessing cold
cracking susceptibility in welded joints. They evaluate the most important and internationally estab-
lished tests, classifying them into self-restraint and externally loaded tests. The study covers both met-
allurgical weldability tests and advanced test methods for evaluating cold cracking susceptibility.
It also presents numerical analyses for calculating the restraint intensity as a definitive factor affecting
cold cracking. Simulations can be used to predict the hydrogen concentration in the weld zone and to
understand the sources of hydrogen in the material. This information can be used to optimize the pro-
cess parameters, such as laser power and speed, and to develop new strategies to reduce the risk of
cold cracking [12]. Steppan et al. [13] study the risk of HIC in T-joints with fillet welds made from
high-strength structural steels. They simulate the diffusion behavior and effectiveness of different



post-weld heat treatments to eliminate cracking. The simulation shows that HIC can be avoided by
applying post-weld heat treatment.

By coupling temperature field, microstructure and mechanics calculations with diffusion anal-
ysis, the hydrogen distribution can be calculated. According to the Gorsky effect, hydrogen diffuses
via interstitial sites from regions of contraction to regions of expnaion. This is a time and distance de-
pendent transient process (second Fick's law). Thereby, the concentration gradient is not constant, con-
trary to the first Fick's law. For the mathematical formulation of the diffusion process, permeability
and solubility are material dependent. Using pipeline welds as an application Zhao et al. [14] describe
that for X90 steel, it is mainly residual stresses that lead to hydrogen accumulation, while the change
in microstructure leads to a reduction in the fusion zone. Diaz et al. [15] show that the diffusible hy-
drogen distribution in lattice sites follows the tendency of hydrostatic stresses near a crack tip in weld-
ed joints. They also state that microstructural influences lead to high concentrations of trapped hydro-
gen. Rhode et al. [16] describe the influence of hydrogen traps on TIG welded joints of low alloy steel
T24. According to them, traps increase the solubility and decrease the diffusion rate. However, trap
effects can also be neglected. For example, Boellinghaus et al. show that the ductility of the weld mi-
crostructure is reduced by hydrogen uptake and diffusion into crack-critical regions when welding
pipelines of supermartensitic steel [17]. In [18], using a trap-free model, they also show that hydrogen
diffusion is strongly geometry dependent, so that a correlation between hydrogen diffusion and layer
thickness can be observed in multi-layer welding. Stadtaus et al. also neglected trapping phenomena in
the FE simulation of the Tekken [19] and CTS [20] cold crack tests and found, for example, that pre-
and post-heating can significantly reduce the hydrogen concentration in tensile stress zones.

In summary, LBW is a state-of-the-art technology that offers numerous advantages in various
industries, however, improvements in the development of high-strength steels are necessary to further
optimize the process. To achieve this, it is important to focus on reducing distortions and weld defects,
such as cold cracks, through the use of tailored test methods and numerical simulations.

Methods
Experimental Setup

Axially symmetric hollow cylinders (heat-treated material 100Cr6) with a wall thickness of
2 mm, an outer diameter of 8 mm and a total length of 60 mm were welded into a butt joint with a
360° circumferential radial seam. The distance between the chuck and the center of the weld was
10 mm on both sides of the weld A welding speed of 1 m/min, a laser power of 300 W, and a focal
spot of 100 um were employed during the process. To validate the temperature field calculation, type
K thermocouples with a wire diameter of 0.1 mm were used to record temperatures in areas of high
and low gradients at a welding angle of 180°. The final distortion of the welded specimens was meas-
ured using a MarForm MMQ 400 coordinate measuring machine. The hydrogen content of the welded
specimens was analyzed through carrier gas extraction using a JUWE H-mat 225 instrument. These
measurements were previously validated with certified samples and defined hydrogen contents (BAM
ZRM steel H1), resulting in an initial hydrogen content determination of 0.89 ppm.

Evaluating cold cracking susceptibility requires a quantitative cold cracking criterion. This cri-
terion is used to assess local factors influencing cold cracking susceptibility and has been determined
using the S-TRC test (simulated tensile restraint cold cracking test) according to [12]. In this test, ten-
sile specimens, illustrated on the left in Figure 2, are subjected to a specific loading process in an H2
gas atmosphere. They undergo various temperature cycles similar to the welding process and are ten-
sile-loaded during cooling within the cold cracking critical temperature range, ultimately leading to
cold cracking at a specific initiation temperature and stress. Temperature cycles with varying heating
rates, maximum temperatures, and cooling times are used to set critical microstructures (hardness).
Each crack initiation experiment represents a critical point of the resulting cold crack criterion, which
describes the critical stresses as a function of the parameters: heating rate, maximum temperature,
cooling time and hydrogen concentration. The criterion is valid for a range of these factors and has
been determined using the Gleeble 3500 test and simulation center.
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Fig. 2. Characteristics of hydrogen loading, cold crack test and cold crack criterion

Welding tests with active axial force control range of + 2kN as well as with superimposed tilt-
ing moments (-1,5 °< O < 1,5 °) were carried out using a specially manufactured clamping device
from Foéhrenbach GmbH.

FE Simulation

The weld temperature cycle forms the foundation for the development of cold crack-critical
residual stresses and distortions. The heat input is represented using a heat conduction model, which
includes a superposition of a normally distributed circular surface and a conical volume source [21-
23]. Both thermophysical and thermomechanical material properties were implemented as a function
of temperature and microstructure. The transformation temperatures determined in dilatometer tests
were considered for different maximum temperatures and cooling times. The microstructure influences
the resulting stresses, strains and hydrogen concentrations due to accompanying changes in physical
properties. The superposition of shrinkage and transformation stresses leads to different residual stress
distributions. Since the transformation stresses depend on the microstructural transformations [24-31],
the stress formation can only be considered in conjunction with the microstructural transformation.
Hydrogen diffusion in turn depends on the stress and strain state. The Leblond-Devaux [32] micro-
structure model was used for austenite formation and the Koistinen-Marburger [33] transformation
kinetics for hardening martensite microstructure formation. For the thermo-mechanical calculations,
microstructure specific thermal expansion, Young's modulus and yield strength were considered.
The corresponding stress-strain curves for calibrating the material model were determined in hot ten-
sile tests for various maximum temperatures and cooling times in the Gleeble 3500 test and simulation
center. Hydrogen diffusion is influenced by temperature fields, microstructure and stress gradients.
During welding a distribution occurs which also depends on the boundary conditions. The initial hy-
drogen content of the weld specimens is the initial condition of the calculation.

Cold crack prediction

Cold cracking at various temperatures is influenced by three interrelated factors: microstruc-
ture, hydrogen concentration and stress-strain state [26], [34]. Cold cracking is determined by the
combination of locally critical values of these factors and is defined by exceeding the locally critical
stress. F igure 1 illustrates the connection between the FE simulation and the cold crack tool. The cold
crack criterion is incorporated into the cold crack tool as a material-specific criterion, providing an
interpolation space for calculating critical stresses. For each node or element of the weld and heat-
affected zone, and for each time step, a comparison can be made between the calculated and experi-
mentally determined critical stresses. The Cold Crack tool has been integrated into the autonomous
calculation process using batch file control, allowing for the variation of different control concepts in
the simulation.

Results and Discussions

Influence of clamping (without using the dynamic axes of the clamping device)
The mechanical boundary conditions (Figure 3) have a significant influence on the plasticity
during welding. The resulting stresses and distortions are determined by the expansion and the amount
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of plastic strain. First, the influence of the clamping stiffness and the free clamping length were ana-
lyzed for their effect on the distortion. For a stiffness of 1000 N/m, variation calculations of the clamp-
ing length were carried out.
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Fig. 3. Effect of clamping stiffness (top) and free clamping length between jaws on distortion (bottom)

The top section of Figure 3 demonstrates that the stiffness of the restraint influences both the
height and direction of the distortion. As stiffness increases, there is a noticeable change in the distor-
tion direction by up to 24° and a reduction in distortion height. Maximum distortion occurs at a stiff-
ness of approximately 102 N/m. For a spring stiffness of 10° N/m, the distortion measured in the weld-
ing tests could be replicated. The impact of the free clamping length between the jaws on distortion is
depicted in the bottom section of the figure. A reduction in distortion of up to 30% was calculated as
the free clamping length increased. Both variations exhibit a change in the direction of distortion.
This reveals a local shift of the plasticity maxima in relation to the welding angle.

First Simulation Scenario

The first simulation scenario aims to reduce distortion by applying controlled axial forces with
the dynamic clamping system during welding. According to this concept, plastic strains are to be com-
pensated by a counterforce. Variation calculations were conducted to examine the extent to which the
magnitude of axial force applied impacts distortion. Since the investigations revealed that the timing
of force application is influenced by the welding angle, the force application phase was also adjusted
accordingly.
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Fig. 4. Variation calculations with increasing axial force (pressure) throughout the welding process

Figure 4 demonstrates that a linear increase in distortion occurs as a function of axial force
when the force is applied throughout the entire welding process (Fig. 4a). In subsequent simulations
(Fig. 4b), the temporal force application phase during welding, expressed by the welding angle
achieved at force application, was varied. The results indicate that distortion reaches a minimum at a
force application of approximately 200° welding angle. This measure leads to a reduction in distortion
compared to welding without force application. Lastly, for the calculated minimum of 200° welding
angle, a variation of the axial force was performed (Fig. 4c). As the axial force increased (up to the
maximum force of 2 kN), distortion was reduced by roughly 10%.

Tactile distortion measurements on reference specimens (Fig. 6a) without dynamic clamping
revealed an average distortion of approximately 30 um and a distortion direction of about 335°.
The application of axial force during welding (Figure 6b) results in the elastic compression of the
specimens, causing the joint to move out of the laser focus. As the force is applied as described up to a
welding angle of 200°, the center of the weld is displaced during the welding process. A control rou-
tine was implemented to adjust the laser focus with a scanner optic as a function of the process time.
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Fig. 5. Distortion measurements after welding tests

In test series 1, a reduction in distortion was achieved compared to the reference specimens,
but the direction of distortion fluctuated greatly, possibly due to the formation of cold cracks.
As cracks form, local stresses relax, resulting in undefined changes in the distortion angle.

Second Simulation Scenario

In the second simulation scenario, a bending element is used to reduce distortion by tilting the
axis against the direction of the distortion. The objective is to bend the specimen and compensate any
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existing distortion. Figure 6 shows a case where the distortion occurs at a 270° angle. To correct the
distortion, the bending element must be tilted in the opposite direction, towards 90°. However, the ex-
act direction of the distortion is not known at first, as it occurs after welding. It must be determined
through simulations or measurements during or after the welding process. To ensure the best results,
the bending element is activated immediately after welding (1 second post-welding) to align the rotary
axis and maximize deformability at the highest component temperature. The simulation outcome is
obtained by adjusting the bending angle, as shown in Figure 6.
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Fig. 6. Bend angle variation

To reduce the distortion in the direction of the x-axis (270°) by approximately 80%, a bending
angle of 0.24° must be applied in the opposite direction. The remaining final distortion occurs at an
angle of about 160°.

Third Simulation Scenario

The third simulation scenario addresses cold cracking reduction. Axial compressive forces are
introduced to decrease tensile stresses, similar to the method used for distortion reduction. The exter-
nal stress during cooling temporarily reduces lattice strains and local hydrogen concentration, slowing
down hydrogen-induced embrittlement at low temperatures and enhancing the material's technological
strength during cooling. To study the impact of these factors on cold cracking, simulations were run
with a constant axial force of 2 kN for 1 to 60 seconds after welding.
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Fig. 7. Axial force after welding to reduce the tendency to cold cr'acking

Figure 7 illustrates the evolution of cold cracking tendency from welding to the release of the
specimen after 60 seconds. The right part of the figure displays the local distribution of cold cracking
tendency (at 60s) on the bottom section of a specimen welded without force (reference test). The simu-
lation results demonstrate good consistency with the experiment for predicting cold cracks.
The cracked weld areas in the simulation exhibit a high tendency for cold cracking (represented by red
elements). By applying an axial force post-welding, it was possible to reduce the cold cracking ten-
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dency at critical points of the weld, although the reduction was not enough to bring element B into a
subcritical state. However, since not all crack locations exceed the allowable stress, it can be conclud-
ed that this measure reduces the frequency of cracks.

Conclusions

This research examined the impact of active force control during the Laser Beam Welding
(LBW) on reducing distortion and cold cracking in high-strength steel 100Cr6. Finite Element (FE)
simulations were utilized to model the welding process, considering the temperature field, microstruc-
ture changes, residual stresses and hydrogen distribution. Three simulation scenarios were investigat-
ed: the application of controlled axial forces, the use of a bending element with dynamic clamping,
and reducing cold cracking tendencies.

The main conclusions are:

e Dynamic clamping in the Laser Beam Welding (LBW) process significantly reduces distortion
and cold cracking, improving the weldability of high-strength materials through active control.

e The Finite Element (FE) welding process simulations, which consider temperature fields, mi-
crostructure changes, residual stresses, and hydrogen diffusion, provide accurate calculations of distor-
tion and evaluations of cold cracking susceptibility

o Applying varying axial forces during welding can notably decrease distortion and cold crack-
ing tendencies in welded specimens.

e The use of simulation models enables replacing costly experiments with virtual methods, re-
ducing development times and enabling the derivation of optimal welding parameters and control con-
cepts.

o The developed approaches and simulation models can be applied to various weld geometries
and materials, optimizing weld properties and enabling the development of design-oriented control
concepts.

The implementation of these conclusions in industrial settings will lead to a reduction in local
cold cracking and distortion, thereby enhancing process reliability. Furthermore, the simulation mod-
els facilitate product development by substituting expensive experiments with suitable virtual meth-
ods, significantly decreasing development times. This approach enables the derivation of optimal
welding parameters and control concepts for various weld geometries and materials. Consequently,
weld properties can be optimized across diverse materials, and design-oriented control concepts can be
established for a broader range of applications.
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VJIK 621.878
ENVIRONMENTAL INNOVATIONS IN INDUSTRY?

Sayenko V., st. of gr. MC-51-21, KhNAHU

Abstract. Object research - processes formation structures and properties teeth buckets excavators
ion-plasma chroming. Property from ub iv buckets excavators changed applying ion-plasma coat-
ings chromium nitride. This species is selected for protection from corrosion, wear, sticking to the
surface contacts mater ials. In practice modern enterprises are applied causing chrome coatings to
increase the service life teeth buckets excavators. Quality these coverage in does not meet the needs of
modern production. There are many nowadays attention is provided application modern methods su-
perficial processing for increasing wear resistance of parts of nodes that work in the conditions inten-
sive wear and tear. Based on analysis literary data and experience modern we had enterprises - the
ion-plasma method is chosen processing teeth buckets excavators, for increase their longevity. Caus-
ing coatings was carried out by the method of condensation in the conditions ionic bombing of the
Bulat 3T installation. Was selected coating composition and optimal modes him causing. Received
high hardness and wear resistance, low coefficient friction, good chemical stability what provided a
high resource of researched details in any conditions operation.

Keywords: wear resistance, abrasive, welding , plasma, ladle, layer, corrosion, steel.

EKOJIOTTYHI IHHOBAIIIL B TIPOMUCJIOBOCTI

Caenko B., c1. rp. MC-51-21, XHAY

Anomauin. O0'exm 0ocnioxncenus - npoyecu GopmyeanHs CmpyKmypu ma e1acmueocmi 3y0i6 Kosulie
eKCKABamopie I0HHO-NIA3M08020 XpomMysanHsa. Mema pobomu: po3poOKka mexHoa02iYHUX OCHO8 3a-
CMOCYBAHHS IOHHO-NAAZMOB020 XPOMYBAHHS OISl NIOBUWYEHHS 3HOCOCMIUKOCMI 3)0i8 KOBUIB eKCcKasa-
Mopa HA OCHOBI YNPAGNIHHA NAPAMEMPAMU CIMPYKIYPU MA QYHKYIOHATbHUMU 61ACMUBOCHAMU NOK-
pummig 015 3a0e3neyenus ix 0oszogiunocmi. Ilpedmem 00CHiONHCEHHS - 3AKOHOMIPHOCTT (DOPMYBAHHS
CmpyKmyp i en1acmugocmeti No8epxXHe8UXx uwiapie 3y0ie Kogulie ekckagamopis. Biacmugocmi 3y0i6 Ko-
BULI6 EKCKABAMOPIE 3MIHEHO HAHECEHHSAM [OHHO-NIA3MOSUX NOKpummis Himpudy xpomy. Lleii 6uo 06-
panutl 051 3axXucmy i0 KOpo3ii, 3HOULYBAHHS, HATUNAHHS HA NOBEPXHIO KOHmakmie mamepianis. Ha
NpAKmuyi Cy4acHux NIONPUEMCING 3ACMOCOBYIOMbCA HAHECEHHS XPOMOBAHUX NOKPUMMIE 0l 30i1b-
wieHHst mepMiny Ciyocou 3y0ie xosuiie exckasamopie. Axicme yux nokpummis He 8ionogioae nompe-
b6am cywacrhoeo supoonuymea. B oanuti wac bazamo ysazsu npudiisnemvcs 3aCMOCYSAHHIO CYYACHUX
Memodi8 nogepxHesoi 0OpoOKU 0Jist NIOBUUEHHS 3HOCOCMIUKOCMI Oemanel 8y31i6, Wo Npayrms 6
YMOBAX IHMEHCUBHO20 3HOWY8aHHA. Ha ocrosi ananisy aimepamypHux Oauwux ma 00c8idy CYYACHUX
HaMu NiONPUEMCME 00PAHO TOHHO-NAAZMOBULL Memo0 00poOKU 3Y0i6 KOBUIE eKCKasamopis, 0Jis nio-
suujents ix 0oszogiunocmi. Hanecenns noxpummis npooounoc mMemooom KoHOeHcayii 6 ymosax
ionHo20 bombapoysaunsa ycmarnosku byram 3T. 1lioibpano ckiad nokpumms ma OnmMuMAaibHi pexci-
Mu tioeo Hanecenns. Ompumana sucoka meepoicmo i 3HOCOCMIUKICMb, HU3LKUU Koe@iyicHm mepms,
Xopouia XiMiuHa cmiuKicmp, wo 3a0e3neuuno UCOKUL pecypc 00CioNCysanux oemaneil y 6y0b-saKux
YMOBAX eKchayamayii.

Knwouogi cnosa: 3nococmiiikicms, abpasue, 36aprogants, niazma, KOGUL, wap, KOpo3is, Cmaib.

! PoGora BukoHaHa mig kepiBHHITBOM Mpodecopa [mymkosoi J1.b.
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Introduction

Technology engineering - the field of technical science, which engaged study connections and
installation patterns in the process manufacturing machines. It is designed to develop theory
technological provision and promotion quality products engineering with the smallest cost price their
release , as well as ensure the ecological safety of production. When choosing a material and methods
of its strengthening, first of all, it is necessary to comprehensively consider the conditions of its
operation and rank the factors affecting the material according to the degree of their influence on the
reliability of the machine or mechanism. Necessary form technical material requirements on the basis
of tribological tests, as well as on the basis of bench and industrial tests [1].

The correct choice of material for the manufacture of the considered parts, as well as the
method of their strengthening, is an urgent and important task.

Relevance of development

Working conditions and causes of failure of teeth of excavator buckets

Tooth refers to constructive elements excavators and others earthmoving machines, namely to

their details workers organs and methods their manufacturing. Excavator bucket tooth consists from an
adapter whose shank has corresponding slots for attachment to buckets excavator (fig. 1, 2).
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Fig. 1. General view of the bucket

Fig. 2. Loss of shape of teeth of excavator buckets
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According to practical observations, after the production of 35,000 cubic meters of sand-
crushed soil , the teeth of the excavator bucket are in the stage complete wear and tear. Their sharpen-
ing angle increases by 2.5 times, and working length is decreasing more than 3 times.

A similar state of the working body is common lowers general productivity construction spe-
cial equipment, because all the energy engine excavator aimed not at work, but at overcoming new
ones obstacles

Types of protection and restoration of teeth

Alteration by electroplating.

They are widely used in enterprises galvanic processes. They are used for compensation wear
and tear workers surfaces, as well as when applied to parts anti-corrosion and protective and decora-
tive coverage.

Galvanic coating receive with electrolytes, as whose apply water solutions metals, which nec-
essary to cover details (fig. 3). Cathode with electroplating sedimentation metals with electrolytes is in
renewable part, anode - metal plate. Soluble anodes are made with metal which settles on the part, in-
soluble anodes - with lead.

1 - bath with dielectric ; 2 - soluble anode ; 3 - cathode ( product );
4 - electrolyte; 5 - current source
Fig. 3. Scheme of electroplating

But, unfortunately, these methods do not give stable industrial results. In addition, they are not
dangerous both for the environment and for those who work with them [2]. Therefore, recently, the
most promising method of applying protective coatings is plasma spraying, in which heating, melting,
spraying and the transfer of the sprayed material is carried out by a plasma jet obtained by heating the
gas flow in an electric arc discharge. Effective about will protect metal worn out the surface from
abrasive wear use became and with increased strength characteristics.

The experience of industrial enterprises recently proved the expediency of increasing the
durability of the considered parts due to the use of surface strengthening methods.

In mechanical engineering, such coating methods as detonation and plasma are used.

These methods have a number of advantages:

— limited thermal influence,

— reduction of deformation.

At the same time, the properties of coatings and their structure have not been sufficiently
studied

The task of choosing the optimal properties of the working layers is solved purely
experimentally. In this regard, conducting research to identify the possibility of using different
methods of applying coatings to increase the durability of the teeth of the excavator buckets is an
important and urgent task.
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In this work, we used the technique of ion-plasma coatings to increase the durability of the
teeth of excavator buckets.

Material and research methodology

Research materials.

In most cases, the teeth of excavator buckets are made of 09G2S steel, the chemical composition
of which is shown in table 1.

The stability of properties in a wide temperature range allows the use of parts from this brand
in the temperature range from -70 to +450 C. The properties of 09G2C steel are: with steel 09G2 S
after processing on a two-phase structure has increased limit of endurance; simultaneously the number
of cycles to destruction in the area increases by approximately 3-3.5 times low - cycle tiredness

(fig. 4).

Table 1 — Chemical composition of 09G2S alloy

Steel Availability chemical elements , %
ee

C Si Mn Cr No S Cu As P
09G2S 0.12 0.5-0.8 1.3-1.7 0.3 0.3 0.04 0.3 0.08 0.035

Disconnection others areas of martensite and high plasticity ferrite much make it easier initial
plastic deformation.

Fig. 4. Microstructure of steel 09G2S, x1000

To detect changes in the surface areas, as well as to control the quality of the coating, hardness
measurements were carried out. This method makes it possible to carry out 100% control of parts, tests
are not destructive, measurements can be carried out directly on the parts. The Rockwell method was
used for the study, which is usually used to study heat-strengthened material.

To determine the hardness of individual particles, as well as its anisotropy in different areas of
the coating, the microhardness measurement method was used in the work (fig. 5).

Fig. 5. Hardness measurement



21

Metallographic analysis.

The structures were studied and photographed on an Altama MET 1 microscope at a
magnification of (70 - 1000) times (fig. 6).

The structure of the surface before and after operation was studied using a SEM scanning electron
microscope at an accelerating voltage of 30 kV in a wide range of magnifications from 20 to 10 thousand times.
To analyze the phase composition of the base metal and coating, X-ray structural phase analysis was performed
on the URS-50 unit.

Methods trial materials for friction and wear .

Fig. 6. Altama MET 1 microscope

For assessment efficiency application materials , methods their processing , constructive
changes in details and others measures were used laboratory and bench test that modeled the maxi-
mum approximation to real operating conditions .

The tests were carried out on a car friction SMC - 2, which allows comparison research sub-
jects materials on wear resistance , antifriction and their properties in the process making according to
the "roller- block " scheme (fig. 7) .

P
1 — stationary sample ( block ); 2 — movable sample
Fig. 7. Wear test

Tribotechnical characteristics are the main criteria for assessing the workability of materials
for volumetric hydraulic drive parts and the effectiveness of their surface treatment.

In touch with hereby for conducting this one work selected methods tests which allow simu-
late the main ones processes friction and wear real details.

Galvanic technique chrome plating



22

Process electrolytic application of chromium is based on the method electrolysis metals Its es-
sence consists in passing electric current through the electrolyte. Electrolyte is solution in which are
included chromium salts, acid or alkali. When passing electric current with solution chrome anhydride
and sulfuric acid stand out chromium cations which settle on the processed surface.

Galvanic process chrome plating lead to the following average parameters:

— chromic anhydride - 250 g/l;

— sulfuric acid - 2.5 g/l;

— temperature - 50 ° C for decorating details and 55-60 °C to receive functional surfaces ;

— current density — 25 A / dm? for decoupling and 60 A/dm? - functional chrome-plated sur-

faces (fig. 8).

Fig. 8. Installation for galvanic chrome plating

High-quality electroplating depends from temperature electrolyte and current density. Tsi and
parameters affect the external appearance and characteristics of the applied layer.

Method of applying plasma coating.

The application of plasma coating was carried out on the Bulat-3T installation (fig. 9).
It consists of a chamber, a vacuum pumping system, evaporators, a rotary device, a water system and a
stand [3].

1 - | focus on the camera ; 2 - cathode; 3 - incendiary electrode ;
4 - chamber-anode; 5 - layer ; 6 - nitrogen a trap
7 - water a trap 8 - high vacuum unit; 9 - heater ;
10 - form vacuum pump; 11 - monometric lamp;
12 - water cooling system of the installation
Fig. 9. The general scheme of the Bulat-3T installation
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The camera is a cylindrical vessel with in and out with a diameter of 500 mm and 500 mm
long, in which flowing process spraying. On camera and lids are located six nozzle and in with flanges
to which are attached: window review; device rotary; evaporators and adapter to the system vacuum
pumping out.

Parameters process application, primarily the condensation temperature and speed application,
determine properties cover Condensation temperature, which depends mainly on properties material
pads, support constant for everything process causing cover.

Influence of ion plasma chrome plating on the durability of excavator bucket teeth

Development of optimal technological parameters of deposition of plasma coatings in the
heating temperature were selected as optimal application parameters the substrate on which the coating
is applied, and the deposition time [4-5].

As is known, the main parameter of the process of condensation of matter under conditions of
ion bombardment is the pressure of the reaction gas. This parameter is determined in each specific
case and depends on the composition of the cathode, the model of the installation on which the coating
is applied, and the operating conditions (fig. 10).

nitrogen pressure a — 3 -10 2Pa; b — 1.0 Pa
Fig.10. The microstructure of the obtained chromium nitride coating
at different nitrogen partial pressures

According to the technical data , the temperature in the chamber of the Bulat 3T installation
varied from 300 to 800 °C.

lon bombardment has a positive effect on the part at its temperature of 500-800 °C, which
exactly corresponds to steel 09T2C and gives the best adhesion of the coating to the part and,
accordingly, the highest wear resistance of parts with such a coating during operation (fig. 11).
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Fig. 12. Microdistribution of chromium on the surface after
ion bombardment, x1000

The time of applying the CrN coating is 10 um / h. Taking into account that the most adhesive
activity of coated substrates is possessed by chromium nitride coatings with a thickness of 2 to
5 microns, the coating time ranged from 12 to 30 minutes.

When chromium nitride coatings are applied to the working surfaces of teeth made of 09G2C
steel, the best adhesion occurs (fig 12).

At lower temperatures, there is a tendency to decrease the adhesion of the coating, which is
accompanied by peeling of the coating during operation, this phenomenon is especially noticeable
when the heating temperature of the surface to which the coating is applied exceeds the tempering
temperature of the steel due to the strengthening of the latter .

Coating time is also an important parameter to be optimized (fig. 13).

Fig. 13. The initial stage of exfoliation, x1000

A significant increase in wear resistance is achieved when the substrate is heated to a
temperature of 500 °C.

Laboratory studies of restored teeth

To prove the advantages of the developed method of processing the teeth of excavator buckets
over other methods, it is necessary to conduct comparative tests parts made by various methods used in
industry at this time.

Of all the changes in the properties of surfaces, the increase in resistance is most evident
during tests on friction machines.

The conducted tests showed that burrs appear in the coating obtained by the galvanic method
under a load of 800 N. At the same time, the coating obtained by ion-plasma sputtering works without
the appearance of burrs under a load of up to 1000 N. Thus, the degree of increase in anti-burr
properties multi-layer coating of the tooth, the vacuum-plasma method gives the greatest effect.

In galvanic coatings, significant surface destruction is observed,
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For galvanic coatings, although high values of the coefficient of friction (up to 0.6) are also
characteristic, but when the load increases, its sharp increase is not observed, and even at 800 N, its
value is 0.63-0.65 (fig. 14, curve 3). At the same time, coatings obtained by high-frequency current
treatment are characterized by a low coefficient of friction (0.2) at low loads - at the level of 200 N.
As the load increases to 600 N, the value of the coefficient of friction increases to 0.25. When the load
is higher than 600 N, there is a sharp increase in the friction coefficient - up to 0.45 (fig. 4, curve 2).
This shows that multilayer coatings cannot withstand high loads under dry friction conditions.
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Fig. 14. The influence of the type of application of a multilayer coating
on the sliding friction resistance

For ion-plasma coatings under loads from 200 to 1000 N, the coefficient of friction remains
almost constant - 0.20-0.23. Thus, the proposed method makes it possible to reduce the coefficient of
friction by 2.5-3.0 times compared to galvanic coatings (fig. 15).
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1 — treatment with high frequency currents; 2 — galvanic method,;
3 —ion-plasma method
Fig. 15. The effect of the type of coating on the change in
the coefficient of the friction pair

The dependence of the intensity of wear on the specific pressure retains a linear character for
all types of processing (fig. 16).
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1 — treatment with high currents frequencies , 2 — galvanic method,
3 —ion-plasma method
Fig. 16. Influence of the coating method on linear
wear of casting samples

For coatings treated with high-frequency currents are characterized by a smooth increase wear
to a load of 400 N, then with increase load up to 600 N is observed strong magnification intensity wear
up to 0.78 « 10 “* um/km. The coatings obtained during treatment with high-frequency currents are in
the data conditions slightly increase durability multi-layered cover

Coatings obtained by the galvanic method have wear
(0.2-10 * pm/km when the load increases to 800 N).

lon-plasma coatings are characterized by minimal wear at all tested loads from 200 N to
800 N. Wear is at the level of 0.2-0.39-10 * um/km. Conducted studies have shown that the ion-
plasma method of applying a multilayer coating increases the wear resistance of the material by 1.6—
1.7 times compared to the galvanic method, by 2.1 times — with high-frequency current treatment.

As the tests showed, stabilization of the friction moment occurs faster in friction pairs with
ion-plasma coating, why after other types of processing (fig. 17).
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1 — treatment with high frequency currents;
2 - galvanic method; 3 — ion-plasma method
Fig. 17. Effect of different coating methods at the
moment of friction and wear of the friction pair

In ion-plasma coatings, it occurs at a load of 1400 N, in coatings obtained by chemical-
thermal treatment - 1600 N, in coatings obtained by the galvanic method - 1500 N. Analysis of the
curves of the dependence of the wear of the friction pair on the duration of running in shows that the
coatings have the least wear during running in , obtained by ion-plasma sputtering.

In ion-plasma coatings, it occurs at a load of 1400 N, in coatings obtained by chemical-
thermal treatment - 1600 N, in coatings obtained by the galvanic method - 1500 N. Analysis of the
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curves of the dependence of the wear of the friction pair on the duration of running in shows that the
coatings have the least wear during running in , obtained by ion-plasma sputtering.

Thus, comprehensive studies of fatigue , anti-friction properties and wear resistance of the
multilayer coating revealed the following advantages of the developed method of applying the coating
in comparison with the existing ones (high-frequency currents, galvanic method):

- increased carrying capacity;

- increased wear resistance;

- reduction of the friction coefficient;

Such significant advantages make it possible to recommend the developed method for
processing the teeth of excavator buckets in order to increase their wear resistance and performance
with the corrosive influence of the environment, and can be recommended for practical use.

Conclusions

1. The results of tests of the teeth of excavator buckets strengthened by ion-plasma chromium
by the method of substance condensation under ion bombardment (IBM) conditions show that their
wear resistance is increased by 1.75 times compared to the original ones that were not subjected to
special strengthening.

2. The conducted research made it possible to establish that the optimal technological
parameters for applying plasma coatings to the teeth of excavator buckets are a nitrogen partial
pressure of 1 Pa, a surface heating temperature of 500—550 C°. The surface roughness on which the
coating is applied is Ra = 016 pm, the thickness of the applied coating is 5 pum.

3. The improved technology of ion-plasma chrome plating ensures the operation of hardened
parts without chips and cracking of the coating, and meets the conditions of environmental and
security

4. The wear resistance of the studied details increased by 1.75 times.

5. The work was implemented at SE "Kharkiv Mechanical Plant" in the educational process in

the courses "Technology of coating”, "Increasing corrosion and wear resistance".
References

1. Silman G.I. State diagram of alloys systems Fe - C - Mn and some structural effects in this
system. Part 2. Calculation and construction isothermal cuts diagrams / G.I. Silman // Metallurgical
and thermal science processing. 2005. No. 4. P. 3-10.

2. Vorotnicov V.Y, Ivanov S.V, Artemenko Y.A Preventing defects in forced conditions of
hardening with a plasma arc // Welding International. 1999. V.13. No. 9. P. 740-741.

3. Basin A.C. Analysis similarities in processes crystallization eutectic alloys Text. / A.C. Ba-
sin // Coll" Regularities formation structures alloys eutectic type". Dnipropetrovsk : Dnipropetrovsk
metallurgical Institute, 1982. P. 97-98.

4. Lyubich A.l. Influence silicocalcium on the structure and properties welded metal / A.l.
Lyubich , A.B. Pustovgar // Welding production. 2002. No. 6. P. 46-47.

5. Vorotnikov V.Ya. Technology restoration and strengthening workers surfaces semi-camera
rubber mixers / V.Ya. Vorotnikov, Yu.A. Artemenko, N.M. Haydash, V.V. Drugal // Welding produc-
tion. 2003. No. 3.



28

VJIK 669.15-194.53:620.18:621.771.12

OCOBJIMBOCTI ®OPMYBAHH3I HEPJ'{ITHOi CTPYKTYPU BUCOKOBVYIIE-
HEBOI CTAJII HICJISA TAPAYOI INIACTHYHOI JE®OPMAIIII

Jlynenko O.B., k.1T.H., ['ony6enko T.M., K.T.H.
IncTuryt yopnoi meraayprii im.3.1. Hekpacoa HAH Ykpainu

Anomauia. Bcmarnosneno ocobausocmi po3nooiny cmynens OUCNepCHOCMI Nepaimy 6 cmanesii 3a-
eomosyi 3i cmani C80D (EN 1SO 16120-2:2017) y npoyeci eapsiuoi naacmuunoi depopmayii. 3 nio-
BUWEHHAM CYMAPHO20 Koeiyienma SumsdiCKU ma weuoxocmi oegpopmayii memnepamypa npokamy
RIOBUWYEMBCS, WO 3a 8IOCYMHOCMI CMAOLi B00SIHO20 OXOJIOONCEHHS CHPUSE Oibl NOBHOM)Y HPOXO-
OJICEHHIO NpOoYeci6 cmamuyHol 30UpanbHOl PeKPUCMANi3ayii, 3pOCMAHHIO 8EIUYUHU AYCMEHIMHO20
3epHa, WO 8NIUBAE HA NIOGULYEHHSA OUCNEPCHOCT NEPIMY 6 CIMPYKMYPI 20M08020 NPOKAMY.
Knwuosi cnosa: degpopmayis, eucoxosyeneyesa cmaivb, NPoKam, memnepamypd, peKpucmanizayis,
nepaim, OUCnepcHicmo.

FEATURES OF THE FORMATION OF THE PEARLITE STRUCTURE OF HIGH-
CARBON STEEL AFTER HOT PLASTIC DEFORMATION

O.V. Lutsenko, Pr.D., T.M. Golubenko, Pr.D..
Iron and Steel Institute of Z.1.Nekrasov NAS of Ukraine

Abstract. The peculiarities of the distribution of the degree of dispersion of pearlite in a steel billet
made of C80D steel (EN ISO 16120-2:2017) in the process of hot plastic deformation have been estab-
lished. With an increase in the total coefficient of extraction and the rate of deformation, the tempera-
ture of the rolled product increases, that, if water cooling stage is absence, is contributes to more
complete passage of the processes of static aggregate recrystallization, an increase in the size of the
austenite grain, which contributes to an increase in the dispersion of pearlite in the structure of the
finished rolled product.

Key words: deformation, high-carbon steel, rolling, temperature, recrystallization, pearlite, disper-
sion.

Beryn

Oco6nuBiCcTh Tapsuoi mIacTHYHOI AedopMarlii Ha Cy4acHUX MPOKATHUX CTaHaX MOJATAE B TOMY,
o (popMO3MiHa CTaleBOl 3ar0OTOBKM B IPOKAT KPYTJIOTro TMepepi3y BiAOYBA€ThCS MPU BEIUKUX HIBHI-
KOCTAX Jedopmallii Ta BUCOKHX TeMIeparypax. Y mpoueci aedopmaniitHo-repMiuHoi 00poOKu cranei
AYCTCHITHUH CTaH € MPOMDKHHM, IICIIS YOTO BiJIOYBA€THCS OXOJOKEHHsI Ta (POPMYETBCS OCTATOUHA
CTPYKTYypa MPOKaTy, sika BU3HAYa€ KOMIUIEKC HOPMOBAHUX MOKA3HUKIB SKOCTI.

AHaJji3 myoaixanii

Kineruka pexpucranizanii aycTeHiTy B mporeci raps4oi gedopmarii ta ii BIummB Ha GopMyBaH-
HSl CTPYKTYpH Ta BIaCTHUBOCTEH CTajiel po3risiHyTa OaraTbMma gociigHukamu [1-4]. Po3Butok Ta mpo-
XOJPKEHHSI PI3HUX CTaJIill peKpucTai3allii Mae BaXJIMBE 3HAUeHHS Ha (OpMyBaHHs 3epEHHOT CTPYKTY-
pu aycteHity. PesynmpTaTn mociimkeHs, HaBeneHi B podorax [5-10], cBiguaTs, 1o, KpiM 3a0e3neveHHs
YUCTOTH CTaJli 32 BMICTOM HEMETaJiYHUX BKJIFOUEHbB 1 33JJAHOTO XIMIYHOTO CKJIa[ly, apaMeTpH rapsi-
yoi nedopmariii 3 HOJAIBIIMM PErJIAMEHTOBAHUM OXOJIOJKEHHIM MPOKATy € HAHOUIbIn e()eKTHBHUM
CMOCcOoOOM BIUIMBY Ha MOJIMIICHHS KOMIUICKCY BJIaCTHBOCTEH roTOBOT MeTanonpoaykiii [11, 12].
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Jl1st KOJKHOT cTaji TeMreparypa HarpiBaHHs Ta AedopMaliii BU3HAYAETHCSA XIMITHAM CKJIAJIOM Ta
CXHJTBHICTIO /IO 3pOCTaHHS BEJTMYMHHU ayCTEHITHOTO 3e€pHA. 3HMKESHHS TEMIIEPaTypH OJMHIIHIX 00TH-
CKaHb METaJly MPUTAMaHHE TPyNaM MPOKAaTHHUX KITiTeH, SKMM XapakTepHI HU3bKI MIBHIKOCTI Aedop-
Martii. [Ipu rapsuiii mpokariii Temreparypa oOTHCKaHb METAIy 3pOCTa€, M0 OOYMOBJICHO BILTUBOM
nedopMaIiiitHoro po3irpiBy MpH MiABHINEHHI TTBUAKOCTI POKATKH.

Meta po60TH — BCTAHOBUTH OCOOJIMBOCTI PO3MOALTY AUCIEPCHOCTI MEPIITY B IONEPEUHOMY I1e-
pepizi 3aroTOBKH, PO3KaTy Ta TOTOBOTO MPOKATY 3aJIeKHO BiJ| CTYIEHs rapsdoi miacTudHoi nedopma-
1ii Ta IIBUAKOCTI OXOJIOKEHHS BUCOKOBYTIIEIIEBOI CTalli B JiHI{ MPOKATHOTO CTaHy.

Pe3ynbTaTu pociigxkeHb Ta ix 00roBopeHHst

Jia mpoBeieHHs eKCIIepUMEHTIB BUKOpUCTOBYBamH ctainb C80D, XiMigHMIA CKITaf sIKO1 BiAMOBI-
naB Bumoram EN ISO 16120-2:2017 [13]. XimiuHu# ckiag npeacTaBiecHo B Tabmwii 1.

Tabmums 1 — XiMiuawii cKIax OCTIKYBaHOI cTami

Bwmict XiMiuHHX elleMeHTIB, % Mac.
C Si Mn P S Cr Ni Cu
C80D 0,81 0,18 0,57 0,009 0,003 0,03 0,04 0,11

Mapxka crani

Hns metanorpadivHOro KOHTPOJIIO BigOMpad BiJl CTaJeBOi 3arOTOBKU mepepizoM 125 mm X
125 mmM, poskaty @ 62 MM, @ 17 MM Ta rOTOBOTrO IpoKaty @ 5,5 MMm. 3pa3ku BiJ 3arOTOBKH Ta PO3KATY
BiIOVMpaNH 3 TTOIATBIITNM OXOJIOPKEHHSM Ha CITOKIHHOMY TTOBITpi (HOpMaitizamist). 3pa3Ku Bifl MpoKaty
0 5,5 MM, BUTOTOBJICHOTO 3a criocoooM Ctenmop, BiAOUpau Mmicis HOro 0XOJIOKEHHS BiJ TeMIlepa-
Typ Tapsiuoi miactuaHoi nedopmarii 3 cepennimu mBuakoctsmu 15 °C/c i 25 °C/e, a takox micis
OXOJIO/KEHHSI Ha CTIOKITHOMY TIOBITPi.

O1iHKY CTYIEHs AUCIEPCHOCTI MEPIITY B CTPYKTYPi MPOKATy MPOBOJMIIH 32 BiIOMUMHU METO]TU-
kamu [13-16]. 3HaueHHs cepelHbOI MIKIUIACTUHYATOI BiJICTAaHI B MEPJIiTI BU3HAYAIM 32 aBTOPCHKOIO
nporpamoro [17] nnst 06poOku Gororpadiii, OTpEMaHNX Ha EIEKTPOHHOMY MiKpOCKomi. Bukopucrani
enekTpoHHi Mikpockoru « VEGA TS5130MM»y, «JSM-35», «EF-2».

[Micns rapsyoi macTuvHoi gedopmartii Tak 3BaHUH PEKPUCTATI30BaHUM CTaH METally Bifpi3Hs-
€TBCS BiJl CTaHy CTaTHYHOI PEKPHUCTATI3aIlil ITBHUIIEHO INUIBbHICTIO aucmokamii [1-3, 18].
Slkmo AuHAMIYHO PEeKpUCTANli30BaHUI METal IMiJIaBaTH MiciIsaeQopMamiifHIM BUTPUMKAM TIPHA TeM-
nepaTypi 3aKiHUEHHs Tapsuoi IIacTHYHOI AedopMaliii, To B HhbOMY MOXKYTh HPOTIKAaTH MPOLIECH METa-
JIMHAMIYHOI peKpHCTai3allii, CTAaTUYHOI MOJIroHi3allil ado cTaTuyHOI pekpuctaiizanii [Ipu Temmnepa-
Typax Bullle Ai HAMIOBHIIIE MPOXOATH MPOLECH CTAaTUYHOI 30ipHOI peKpucTaiizanii, o NPUBOAUTH
JI0 3pOCTaHHS BEJMYMHH ayCTEHITHOTO 3epHa. Y CBOIO YepTy, II€ 3YMOBIIOE IMiJBHUILIEHHS CTiHKOCTI
ayCTEHIiTy, 3HWKEHHsI HWKHBOT KpUTHYHOT IIBUIKOCTI OXOJIO/PKEHHS 1, SIK HACHIJJOK, YTBOPEHHS O1JIBII
mucnepcHoro nieprity [14, 19].

BpaxoBytoun popMyBaHHS Pi3HHX TeMIIEPATYPHUX IIOJIIB Y MPOLECi rapsA4oi miacTuyHoi aedo-
pmaiiii [12], mociipkeHo TpoliecH CTPYKTYpoyTBopeHHs ctaiai C80D Ha pi3HUX TEXHOJOTIYHMX JiIs-
HKaX MPOKATHOTO cTaHy. 3i 301IbIICHHSM CyMapHOT BUTSDKKH (1) TeMIiepaTrypa po3KodyBaHHS ITiIBH-
IIYETHCSI, IO IPUBOAUTH TICIISI BUXOY METAIy 3 OCepeaKy aedopMallii 10 pO3BUTKY MPOIECiB 30ipHOT
pekpucTtaiizaiii. BignosigHo 10 qaHuX MeTtanorpagiqHoOro aHamisy CTpyKTypa 3paskis 3i cram C80D
CKJIaJIA€THCS 3 IUTACTHHYATOTO TIEPITiTy Pi3HOTO CTYIeHs quctiepcHocTi (puc. 11 2).

PesynpTatn po3paxyHKy MakCHUManbHOI, MiHIMaJIbHOI Ta cepeqHbOI MIKIUIACTHHYATOI BiJCTaHi
B MIEPJIiTI, OTpUMaHi IpH 00poOLI I KOXKHOI 3 TOCTIIKYBAaHUX IUISHOK y 3arOTOBIIi, pO3KaTi Ta ro-
TOBOMY TIPOKaTi, HABEJCHO Ha pHC. 3.

[Ipu rapsuiii mutactTuyHii negopmanii craini C80D y niHii MPOKAaTHOrO cTaHy Ha TEXHOJIOTTYHUX
JUTAHKaX 13 O17b1I BUCOKOIO TEMIEPATypOI0 YTBOPIOETHCS MEPIIT i3 MEHIIMMHU 3HAYEHHSIMH MiXKILIac-
TUHYATO1 BifcTaHi (So, MkM). [Ipy IbOMY B CTPYKTYpi 3aroTOBKH HalMEHII Cepe/IHI 3HAYCHHST MiXKII-
JacTUHYATOl BijicTaHi B mepuiti craHoBIATh 0,278 mkm. st po3katy @ 62 MM 3HA4EHHS cepeqHbOT
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MDKITIACTUHYATOT BificTaHi B miepuiti ctanoBuTh 0,239 MkM. Y cTpykTypi po3kary ) 17 MM 3HAYEHHS
So 3mentryethes 10 0,208 MKM.
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Puc. 1. XapakTepHa cTpyKTypa 3aroTOBKH MepeTHHoM 125 MM x 125 MM (a; 1 = 4,8), poskat @ 62 MM
(©; u=24,9)Ta @ 17 Mm™ (B; u = 330) i3 crani C80D

0 B

Puc. 2. XapakrepHa cTpyktypa npokaty @ 5,5 MM (¢ = 3157,9), 0Xon015k€HOro Ha CIIOKiHHOMY I1OBi-
Tpi (a) 13 mBHaKicTIO 15 °C/c (0) Ta 25 °C/c (B), i3 crani C80D

B min @ max

0,354
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Puc. 3. 3nauenns mixmnactuHuyaToi Bigcradi (So) B mepiiti crami C80D 3anexxHe Bin micus Bia-
0opy 3paskiB: A — 3aroToBka nepeTuHoM 125 MM x 125 MM (HopMasizairis); B — po3kar @ 62 mwm (Ho-
pmamizaiist); C — po3kat @ 17 mm (Hopmaiizanis); D, E, F — npokaTt @ 5,5 MM, micis HopMatizaiii Ta
oxosomKeHHd 31 mBuaKocTIMA 15 °C/c ta 25 °C/c BiamoBigHo; MiN, MaX — MiHIMajJbHE Ta MaKCHMa-
JbHE 3HAYCHHS So.
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3a3HaueHa MOBeAiHKA AUCTIEpCHOCTI mepiity craiai C80D obyMoBieHa He JIHIIE iABUIIICHHIM
CyMapHOI BHTSDKKH, a TAKOXX BIUTMBOM MacmTabHOTo (hakTopa, Mo MpUBOAMUTH 10 3pOCTaHHA (haKTHI-
HOI MIBHJKOCTI OXOJIOJUKEHHS PO3KaTy Ha CIIOKIHHOMY MOBITpi (HOpMautizawis) 31 3MEHIIEHHSIM HOTro
npodinepo3mipy.

Haii6inpin 3HagymIuil BIUTMB HA JUCTIEPCHICTH MEPIITY Ta PIBHOMIPHICTH PO3MOIUTY CTPYKTYpPH
nepepizy npokaty 3i crani C80D (MiHIManbHUIA PO3KU] MiHIMAJIBHOTO Ta MaKCHMAJIbHOTO 3HAUYCHb,
JUB. puc. 3) Hajae Temreparypa aedopMariii, CTymiHb raps4oi MIaCTHYHOI JedopmMalii i MBUAKICTh
oxonopkeHHs. [Ipu 1iboMy MiHIMaJIBHI 3HAYEHHS So QIKCYIOThCS B TPoKaTi @ 5,5 MM sIK MicIs HOpMa-
mizartii, Tak 1 micis oxomomkeHHs 31 mBuakoctsmu 15 °C/c 1 25 °C/c. Ilicnsa Buxomy MeTany 3 OCTaH-
HBOI YMCTOBOI KJITI Ta HACTYITHOTO MOBITPSHOTO OXOJIOJUKEHHS 31 mBHAKICTIO 25 °C/c Ha moBepxHi
npokary @ 5,5 mm 3i cram C80D cepenne 3Ha4eHHS MIKIUIACTHHYATOI BIICTaHI B TIEPIIITI € MiHIMAITb-
HUAM (TIOPIBHSIHO 3 TIPOKATOM IIiCIIS HOpMaTi3allii Ta 0X0JIoMKeHHsI 31 mBuAKicTIo 15 °C/C) 1 cTaHOBUTH
0,118 mxm. Takwuit nepmit 3a [15] knacugikyerbes sk nepiit 6ana Ne 1 (copOiTonoaioHwmit) 31 3HaAYCH-
HSM MiKIUTacTuH4Yaroi Biactani Menme 0,20 MmxM. Chin 3a3HaYUTH, IO 31 HIBUIKOCTAMH OXOJIOKEH-
Hs1 moHa 25 °C/c y CcTpyKTypi IMPOKaTy MOXKE YTBOPIOBATHCS OCiHIT (IHB. puc. 2, B), M0 HE33A0B1Ib-
HO MTO3HAYAETHCS B MPOIIEC MOJANBINOI epepoOku mpokaty [19, 20].

HeoOximHO Bifj3HAYMTH, II0 YMOBH rapsdoi IIacTHYHOI JedopMarliii Ta JiKBallis TaKoX BIUIU-
BAIOTh Ha ()OPMYBAHHS OCTATOYHOI CTPYKTYpH IPOKATy 3 BUCOKOBYTJICIIEBUX cTaneil. Temmeparypa i
piBeHb nedopmallii BUCOKOBYTJICIIEBUX CTajed MOBHHHI BHU3HAYATHCA 1HAMBIIYalbHO I KOXKHOT
Mapku. [Ipu nmpomy crig mam'ataTi, o U pi3HUX peXuMiB AedopMaliiiftHo-TepMidHOi 0OpOOKH Ta
raps4oi miacTHYHoi aedopMaltii cranei MoeIHaHHS TUHAMIYHUX Ta CTATUYHHX IMPOIECIB CTPYKTYpPO-
YTBOPEHHSI MOXK€ OyTH PI3HUM, IO 3aJEKUTH BiJ XIMIYHOTO CKJIaay Ta CTPYKTYpH ayCTEHITy Tepen
MOYaTKOM ioro po3naxny [8, 21].

Otxe, 3 MeTOI0 e(eKTUBHOTO BIUIMBY Ha ()OPMYBaHHS JUCIIEPCHOI MEPIiTHOI CTPYKTYpH BUCO-
KOBYTJIEIEBOI CTalli, IpU po3poOIli a0 BIOCKOHAJIEHHI peXHUMiB MehopMaIliifHO-TepMiYHOI 00pOOKH
HEOOX1THOI0 YMOBOIO € pallioOHaJbHE TIOEHAHHS TeMIlepaTypu aedopMariii, CyMapHOi BUTSIKKH 3aro-
TOBKH, a TaKOX ()aKTUYHOI IIIBUIKOCTI OXOJIOPKESHHS ITPOKATy.

BucHoBku

BcraHoBiieHO 0COONMMBOCTI (POPMYBaHHS CTYIICHS JIUCIIEPCHOCTI MEPJIITY Y 3arOTOBIII ITEPePi3oM
125 MM x 125 MM, poskari (@ 62 MM, © 17 MM), a TAKOXX TOTOBOMY IIpoKaTi ¥ 5,5 MM 3alIeKHO Bix
cymapHoi BUTSDKKH (1 =4,8...3157,9) Ta TemnepaTypHO-4acOBOTO PETJIAMEHTY OXOJOPKEHHS BHCO-
koByrJeneBoi craini C80D y JiHii IPOKaTHOTO CTaHy.

IlokaszaHo, 110 HE3aJIEKHO BiJl TEXHOJOTIYHOI IUISIHKH BiZOOpYy 3paskiB cTpykrypa crani C80D
sBIIsie cCOOOI0 MJIACTHMHYATHUN TIEPIIT i3 Pi3HUM CTymeHeM aucrnepcHocTi. [linBuimenHs teMmnepaTtypu
nedopmarii Ta cymapHoi BUTSKKH ctani C80D mpuBOAWUTE 10 YTBOPEHHS OUIBII AMCIIEPCHOI CTPYK-
TypH TEPIITY.

3a pe3ynabTaTaMHM EKCIIEPUMEHTIB BCTaHOBJICHO, IIO Tapsyy IUIACTHYHY Aedopmariro craii
C80D cuix 3aBepiryBaTH OXOJIOKSHHSM 31 IIBUAKOCTIMH HoHarmMentire 15...20 °C/c.

3a3Ha4yeHi OCOONUBOCTI MarOTh CTaTH NMPIOPUTETHUM TEXHOJOTIYHMM HAMPSMOM IS TOKpa-
IIEHHS SIKOCTI POKATY 13 BUCOKOBYIJICIIEBUX CTaJICH.
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T'JIPOJUHAMIYHE BUJIABJIIOBAHHS - EOEKTUBHHUM CIIOCIB
SAMIHHU I'IIPOITPECYBAHHSI ITPH BUT'OTOBJIEHHI BUPOBIB 3
BUCOKOMILHUX I MAJIOIINIACTUYHUX CTAJIEN?

Tlyaiu .B., er. rp. MC - 41-19, XHAJTY

Anomauin. JlocniodceHo cmpyKmypHi nepemeopeHHs mda GIACMU8OCMi MIYHOI, MAlONIaACMUYHOL
APYACUHHOT cMai Ni0 6NAUBOM 2IOPOOUHAMINHO20 BUOABTIOBAHHS, (A MAKONC NOOANLUIO20 CMADITI3Y-
104020 8IONYCKY.

Knrouoei cnosa: 2iopoounamiune sudasio8anus, 0epopmayis, pecopHo-npy’CUHHA CMalb, OUCIOKA-
YilHa cmpykmypa, Mexaniuti enacmueocmi, cmaoinizyoyull 6i0nycx.

HYDRODYNAMIC TYPE IS AN EFFECTIVE WAY OF REPLACING HYDROPRESSING
IN THE MANUFACTURE OF PRODUCTS FROM HIGH-STRENGTH AND LOW
DUCTILITY STEEL

Dulich D.V.,, st. of gr. MC- 41-19, KHNADU

Annotation. Structural transformations and properties of strong, low-plastic spring steel under the
influence of hydrodynamic extrusion, as well as subsequent stabilizing tempering were investigated.
Key words: hydrodynamic extrusion, deformation, spring steel, dislocation structure, mechanical
properties, stabilizing tempering.

Beryn

OcTaHHIM 9acoM B ITPOMHUCIIOBOCTI MIMPOKO BUKOPHCTOBYETHCS METO TiJPOCTATHYHOTO TIpe-
cyBaHHSI (TiAPOEKCTPY3isi) IUIsl OTPUMaHHS 3aroTOBOK, a YacTilie rotoBux aeraneil.. Llei cnocid moza
KOHKYPCHIIIEI0 TIPU BUKOPUCTAHHI BUCOKOMIIIHUX Ta MAJIOIUIACTUYHUX MaTepianiB, 00 Mae CyTTeBi
MepeBaru: 3HavHa IUIacTH(]iKaIlis MeTany 1 MOXKIUBICTh SAKICHOI 0OpPOOKH HOTO 3 BETMKAM CTYIIEHEM
nedopMariii 3a OfMH MPOXij, 3MeHIIeHHS Matibke Ha 40% MUTOMOIO TUCKY NIPECYBaHHS 1 MiABUINECHHS
CTIMKOCTI (POPMYIOUOTO THCTPYMEHTY, MMOKpAIIEHHS CTPYKTYpPH Ta BIACTUBOCTEH MeTally, sIKHi 00po-
omoethest. B Toit ke "ac croci® ManonpoaykTuBHUI 1 moporuit. [lomyk 61k mpocToro i AemeBoro
croco0y BHPOOHHUIITBA 3arOTOBOK i3 MaTepiajiB, M0 BAXKO AePOPMYIOTHCS XOJOAHOI OOPOOKOI0
THUCKOM, € aKTyaJIbHUM MTUTAHHSIM,

CTtaH nuTanHga

[igpoekcrpysis (CE) — 11e npecyBanHs pianHOIO mix BemukuM TckoM ( Big 103 mo 10* MIla),
KOJIN MeTaJl 3HAXOJUTHCS B yMOBax BceOIUHOro 00’eMHOro cruckanus [1] Y OaraTtbox JOCHiHKEHHIX
BCTaHOBJICHO, [0 BUCOKHWH T1IPOCTATHYHUI BCEOIYHMI TUCK Ta iHTEHCHBHA JedopMallis 3Ha4HO 3Mi-
HIOIOTh BIIACTUBOCTI MaTepialiB, ski o0poOiroroThest [2, 3]. CyTreBe 301MBIICHHS MJIACTUYHOCTI Ta
3pOCTaHHA yIapHOi B S3KOCTI MaTepialiB pu 30€peXeHHi, a TOH MiABUIEHHI MIITHOCTi, 00YMOBIECHO
¢dopMyBaHHAM crienudivHOiI OUTBINI JOCKOHANO AMCIOKAMiiHOI (Tak 3BaHOi OapodparMeHTOBaHOT)
cyoctpykrypu (4-5). [TinBuiieHHs: Maii)ke B IECSITKH pa3iB TUIACTHYHOCTI NIPU TIEBHOMY 3araci yuap-
HOT B S13KOCTI JI03BOJISIE OTPUMYBaTH Beuki aedopmarii (Big 50 no 60 %) 3a oxuH mpoxia 6e3 pos-
HIapyBaHHA Ta TPIIIMH NMpH 0O0poOILi HABITH AyKe MIIHUX 1 KpUXKHUX MaTepiaiiB. B Oararbox Bumaa-
kax ['E € emuauM criocoOOM BUTOTOBJICHHS BUPOOIB CKJIaiHOT KOHPIrypalii i TOYHUX PO3MIpIB 13 Jie-

2 PoGoTa BUKOHAHA T1iJ1 KepiBHUIITBOM npodecopa Jlomeukinoi I.B.
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TOBaHUX MIIHUX CTaJIel 3 AyXe HU3bKoM macTudHicTio. OnHak ['E moTpedye ckiIagHOro i KOMITOB-
HOTO 00ONaJHaHHS, K€ BiICYTHE HA 0araTboX METATOOOPOOHUX IiIMPUEMCTBAX a caM IPOIEC BUTO-
TOBJICHHS 3ar0TOBOK, 400 TOTOBHUX JIeTajlel € MaloONpPOAYKTUBHIM. Ha Hall mormis AOLiTEHIM MOXe
CTaT BUKOPUCTAHHS MPOCTOTO 1 OiNbII emeBoro crnocoly rigpoauHaMiynoro sugasmoanus (I'/IB)
3arOTOBOK JIJIS i3 JISTOBAHWX BHUCOKOMIITHUX CTajei, ki € coepimammM pisHoBHIoM I'E. Omnak mpu
BOMY BCTa€ Ba)XJIMBE MUTAaHHS MOXIIMBOCTI 30epexkeHHs ycix cyTTeBux nepesar I'E npu oTpumanHi
BUpo0OiB AeopmyBanHsaM criocoooMm I'JIB. BupimeHHro mboro nuTaHHs i MpUCBsSYEHa podoTa.

Merta i nocTaHOBKA 3aBJIAHHA

Merta poboTH - 3'ACyBaTH MOMIJIHBICTb Ta NOIUIbHICTH BUKOpHCTaHHS criocody ['/IB mist Bu-
TOTOBJICHHSI 3arOTOBOK BA)XKKO HABAHTAKECHUX JeTaneil i3 BUCOKOMIITHOI HHU3BKOIUIACTHYHOI CTali
45XH2MODA.

Bynu nmocraBneni 3aBAaHHS JOCHIOUTH CTPYKTYPY 1 BIACTHBOCTI CTaji micis nedopMyBaH-
HM crioco6om ['J[B Ta BIUIMB HACTYMHOTO BiAMYyCKYy Ha cTabimizamiio CTpyKTypHu nedopmoBaHOi

CTPYKTYpPH.

MarepiaJj i MeTOAMKH T0CTiTKEHD

O6'exToM nocmimxenns Oyna crans 4XH2M®A micist e1eKTpolIIaKoBOro MeperiaBy, XiMi-
HUH CKJIAJ sIKOT HaBeJCHMI y Tabmui 1.

Tabmuug 1 - Ximiuaui cKitag ctail

Bwmicr enementis,%

C Mn Si Cr Ni Mo V P S
0,43-0,50 | 0,5-0,8 | 0,17-0,36 | 09-11|13-18 | 0,2-0,3 | 0,12-0,18 | 0,02 <0,02

Jli1a BUTOTOBIIEHHS 3arOTOBKH Bajly HarHiTalbHHUKA OyB BuKopuctanuii meron I'/IB, cxema
SKOT'O HaBe/IeHa HA PUCYHKY 1.

L ,'v; V4 gac
V > SCH ; - [aynaep
/ "//H.-\ '
\/ /
;,,/ 7 A L/ ) Matpii

lth:xcamc/_)/,r

MICI0 '

Puc. 1. Cxema orpumanHs 3aroToBoK MetogoMm ['/IB

3aroToBKH T'yCTO 3MAIy€ThCS BEPETCHHUM MAciiOM, SIKE€ € CBOEPIAHUM KBa3ipiIKUM cepeio-
BHUIIEM, 1 PO3MIIIYEThCS B KOHTeiHepl [lig THCKOM 1€ CepeOBHUIIE i€ JHIIE Ha MUTIHIPUIHY ITOBe-
PXHIO 3arOTOBKH, a ii BEpPXHIH TOpElb KOHTAKTye OE3MOCEPEHAHBO 13 METAJICBUM ILUTYH)KEPOM.
[Ipu 3HaYHOMY THCKY IUTyHXepa Ha MacTHJIO CTBOPIOIOTHCS YMOBH TipOJUHAMIYHOTO BUAABIIOBAaH-
HSl, peaslizyeThCsl cxema BceOiuyHOro cruckaHHs Matepiany. Ilpu Takiii cxemi nedopMmyBaHHST Maiixe
TIOBHICTIO BiJICYTHI HaIlpy>KEHHS PO3TATaHHS Jajd MOXJIMBICTh JeopMyBaTh 3aroToBky Ha 40% 3a
OJIVH TIPOXIi/T.
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ITicns nehopMalrtii 3aroTOBKU TPOBOIMIA CTalLIi3yrounii Biamyck B inrepsani 250 —600° C 3
BUTPUMKOIO 2 TOJUHU JJIsl 3a0e3MeueHHs TePMidHOT CTaOlILHOCTI CYOCTPYKTYpH JeOPMOBAHOTO Me-
Taly.

g pocnigKeHb BUKOPUCTaHUM MeTajorpadiuHuii aHami3, eIeKTPOHHA MiKPOCKOITis.

Jucnokarniiina cTpyKTypa TOCTiIKyBajlacsi METOJOM TPAHCMICIOHHOI €IEeKTPOHHOI MIKpO-
ckomii Ha PEM106.

MexaHiuHi XapakTepUCTHKH (Os, Go2, O, ¥, KCU) Ta TBepaicTh CTayi BU3HAYAIUCS 3a CTaH-
JapTHAMHU METOJIaMH.

Pe3yabTaTn qociitkenn

VY BuxinHomy ctaHi ctanb 45XH2M®A mana ¢epuTHO — NEPAITHY CTPYKTYpY 3 KapOimamu
pizHOT popmu Ta poMipoM (puc. 2, a). TBepaictb ctami 225 HB. 3 MeTO0 NOKpaieHHs: CTPYKTypH Ta
MOJIETIIIeHHS 1e()OpMOBaHOCTI B XOJOAHOMY CTaHi CTANb MiJIaBain chepoinnusyrodomy BiAmany npu
700 °C mpotsiroM 4 ronauH, KU 3a0€3Me4YnB CTPYKTYPY 3€PHHUCTOTO MEPIITy i piBHOMIpHE po3Ta-
mryBaHHS KapOifiB rinoOymsipHoi hopmu (puc. 2, 6). Tepaicte 3MeHmmnacs no 187 HB, mo mok-
paiuTh 00poOIIOBAHICTh TUCKOM.

Puc. 2. MikpocTpyKTypa cTami B CTaHi MocTadaHHs (a)
Ta micis chepoinuzyrouoro Bignany (0); x5000

[Ticist BUTOTOBIIEHHS 3arOTOBOK TiAPOBHIABIIOBAHHIM IOCIIKEHHSIMH BUSBICHI CYTTEBH
3WIHH CTPYKTYpH Ta BiacTuBocTel craii. Jedopmaris 3i ctynenem 35% mnpu3Bena 10 BUTATYBaHHS
CKJIQJIOBHX CTPYKTYypH B HampsMKy aii nedopmaniitnoi cunu. (puc. 3). TBepaicTs migBHIIMIACS 0
323 HB.

;[e(bopMyBaHHﬂ 31 € =35%, x5000

[Ticas TimpoAMHAMIYHOTO BHJIABIIOBAHHS 3a(hiKCOBAHO CYTTEBE 30OUIBIICHHS IMOKA3HUKIB Mill-
HOCTI, aji¢ IPU JOCTaTHHO BHCOKHUX XapaKTEPUCTHUKAX IUIACTHYHOCTI ctaii. Y Tabi. 1.1 mpuseseHi
BJIACTUBOCTI Je(OPMOBaHOI cTalli NP BUIPOOYBaHHI HA PO3TATYBaHHS.
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Sk BimOoMoO, 3MiHA BJIACTHBOCTEH BHACHIMOK INIACTUYHOI Medopmarii oOyMOBIIEHa 3MiHAMH
JIUCITOKAIIHOI OyZOBH 1 A7 iX BUSBICHHA Oyla JOCHIKeHa TOHKA CTPYKTypa CTaii [0 Ta Micis
riApoauHaMivHOro BUAaBNtoBaHHS (puc. 3). Pesympratu cBiguaTh, mo Aedopmaiis NPU3BOAUTH J0
(hopMyBaHHsSI PO3BUHEHOT KOMIpPKOBOI CyOCTPYKTYpH, SIKa XapaKTEPH3YEThCS PO30OPIEHTALIIEI0 OKpe-
MHUX KOMipoK (puc. 3, 6). Lle TumoBa ToHKa CTPYyKTypa MeTaiy, IO YyTBOPIOETHCS TIPH XOJOIHIH aedo-
pMauii, i A Hel XapakTepHa HHU3Ka rycToTa Ae(eKTiB y cepeAnHi KOMIpOK, TPaHUL SIKUX SIBISIOTH
c00010 TUCTOKAaLiiHI crieTeHHsI B cepeanHi KOMIpOK AUCIIOKalii MOXKYTh BUTBHO MepeMilaTHCS 1 SIK
HACJiTOK 3a0e31meueHHs CTali 3amacy mIacTUIHOCTI.

Tabmuus 1 — Mexaniuni BnactuBocTi AedhopmoBanoi crami 45XH2M®DA npu po3TsaryBanHi

Bun BnacTtuBocTi
00po0OKH
68, MIla 60,2, MIla 6n1, MIla 5, % op, % v, %
Buxiaauii ctan 755 540 490 19 7,2 66,5
Hedopmarrisi, € = 35% 950 900 836 13 45 58

[Tlicns medopmyBaHHS BakKIIMBE 3HAYEHHS MAlOTh YMOBH HAaCTYITHOTO BiJIYCKY, Yy IpOIIEci
SAKOTO (POPMYIOTECS CTiHKa CYyOCTPYKTypa, siKka 3abe3nedye cTabinpHICTh michsaaeOpMaifHIX 3MiH.

[pu Biamycky Bume 400 °C cBiAYUTH TPO TE, IO MPEBATIOIOUYUME CTalOTh MPOLIECH MOBEP-
HEHHSI.

Puc. 3. CyGcrpykTypa crani 1o (a) ta micis) 6) nedopmanii; x20000

BinMiHHOCTEH CTpYKTYpH JedOpMOBaHOI CTalli Ta MiCIsl MOAANBIIOTO BiITyCKY B ONTHYHO-
MY MIKPOCKOIT HE BHSBJICHO, III0 MOXXHA MOSICHUTU MAJIOK PO3AUILHOI 3/IATHICTIO IIUX MIKPOCKO-
miB. EIeKTpOHHOMIKPOCKOITIYHI JTOCHIKEHHS TIoKa3aiu, mo Bigmyck npu 350 °C He mpUBOAUTH 10
CYTTEBUX 3MiH CTPYKTYpH, 11O MiATBEPIKYETHCS MOKA3HUKAMU BIACTUBOCTEH. alie 3 MiJBHIICHHIM
temnepatypu jno 600 °C ¢ikcyeTbes YKpYIMHEHHs Ta JesSKAH Tepepo3nonin kKapOigHoi dasm
(puc. 4).
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a — rigpoBuaaBioBanHs, Biamyck 350 °C, 2 rox;
0 — rizgpoBuaaBmoBanHs, Biamyck 600 °C, 2 ro.
Puc. 4. Mikpoctpykrypa crani 45XH2M®A micins
TiIpOAMHAMIYHOTO BHIABIIOBAHHS Ta HACTYIHOTO Biamycky, x5000

TBepuicTh (puc. 5, a) Ta XapaKTepUCTUKU MIHOCTI (pHc. 5, 0). mpu BUNPOOYBaHHI Ha PO3TH-
TyBaHHS MAalOTh HaiOiiblue 3Ha4eHHA B iHTepBaii Temnepatyp Bix 200 © go 350 °C. [InactuuHicTs i

yaapHa B’s3KicThb (puc. 5, 0 1 B) TpU I[bOMY MiHIMaJIbHI.
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Puc. 5. TepaicTh (2) Ta MexaHiuHI BIACTUBOCTI (0, B) CTali micis
T'IpPOIMHAMIYHOTO BHUABIIOBAHHS T4 HACTYITHOTO BiJITYCKY

Taxi 3MiHM BIacTUBOCTEH TiAPOEKCTPYJOBAHUX CTaJCH MPU HACTYITHOMY BiJlITyCKy 0OyMOB-
NieHi iepe0iroM TBOX KOHKYPYIOUHX IMPOIIECiB: e OMaIiifHOTO CTapiHHS Ta TOBEPHEHHS.
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JlocmipKeHHS CBiAYaTh, 0 CyOCTPYKTYpa CTalli, sSKa miggaBagacs BiIITyCKy B IHTepBalIi Te-
mrepatyp Bix 200 go 300 °C, xapakTepu3yeThCsl BUTATHYTUMH KOMipKaMH, TIO TPAHUIIX SKUX PO3-
TaloBaHi qucnepcHi kapoinu (puc. 6). Jlani BinOyBaeThCs 3BUIBHEHHSI BHYTPILIHIX 00’ €MiB IESKHX
KOMIpOK BiJl XaOTHYHO PO3TAIOBAHMX AWCIOKALiH, YJOCKOHAJIECHHS CyOrpaHHIb Ta yKPYHTHECHHS
KOMIPOK, III0 3yMOBIIEHO PO3BHTKOM IIPOIIECiB TOBEPHEHHS. 3HIKCHHS TBEPJOCTi Ta MIIHOCTI.

o . 2z G
Puc. 6. MikpocTpykTypa crai
IiCTIS TIAPOAWHAMIYHOTO BHIaBIIFOBAHHS

ta Bigmycky npu 300 °C mpotsirom 2 rox, x20000

BpaxoByroun xapakTep MpOIlECiB, fKi BiIOyBalOThCA NPU BIAMYCKY TiIpOEKCTPYIOBAHOI
cTaji, OYeBUIHO, IO Bigmyck npu temnepatypax 300 - 350 °C e naiOinbm eeKTUBHUM, OO MPUBO-
JIUTH IO BJOCKOHAJICHHS 1 3aKPIIJIEHHS CYOCTPYKTYPH, OTPUMAHOI TiCis X0JI0aHOo1 AedopMarltii BH-
JIABITIOBHHSIM.

BucHoBKkH

1. Anst 3HWOKEHHS 3yCHITb AeopMyBaHHS Ta 3a0e3NeUeHHsT PIBHOMIPHOCTI 1edopmaltii MiltHOT
1 MaytoruacTuuHol ctaimi 45XH2M®A nepes riapouHaMiuHAM BUIABIIOBAHHAM HEOOXIIHMI TIOTIe-
penHiii chepoinnzyrounii Bignan npu remmepartypi Bix 680 1o 700 °C mpoTtsirom 4 roz.

2. Ilpu pedopmarii rigpoAHAMIYHAM BHIABIIOBAHHAM (OPMYETHCS PO3BHHEHA KOMipyacTta
cyOCTpyKTYypa, 110 3a0e3Meuye 3MIIHCHHS CTalli pU 30€pEeKEeHHI JOCUTh BUCOKOTO 3amacy IiacTHy-
HOCTI Ta yJapHOi B’ I3KOCTi.

3. Hicnspedopmaniiinuii Biamyck B iHTepBaii temnepartyp Bix 300 xo 400 °C npuBoauTs 10
BJIOCKOHAJICHHS] KOMipPKOBOI CyOCTPYKTYpH Ta 3aKpillIeHH i1 JucIiepCHUMH KapOiIHUMH YaCTHHKAMH,
110 3a0e3neuye cTablIbHICTh TaKOT CTPYKTYPH TIEpe] OIANBIIO 3MIITHIOBAIBHOI TEPMIUHOK 00pO-
OKxor0 BHpOOYy.
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SMINHEHHS IIOBEPXHEBHUX ITAPIB 3D-IPYKOBAHOI'O CIIVIABY
Ti-6Al-4V YJIBTPA3BYKOBOIO YIAPHOIO OBPOBKOIO

BypasabsoB H.A., 3100yBau Bumioi ocsitu; Bosomko C.M., 1.¢.-M.H., npod.;
Bypmak A.IlL., K.T.H., 1onenT; @panuik H.B., k.T.H.
HamionasibHMil TeXHIYHUI YHIBepCUTET YKpaiHU
«KuiBcbkuii noJrirexHivHui incturyT iMeni Iropst Cikopcbkoro»

Anomauin. B pobomi npedcmasneno pe3yiomamu 00CHIONCEHHS GNAUBY YAbMPA3EYK080I YOaApHOI
oopooku (Y3Y0) na mixpomeepdicmo, hazosuii ckiao, 3aiUuKo8i MaKpOCKONIYHi HANPYHCEHHA mda
monozpagpito nosepxui cnaasy Ti-6Al-4V, eucomoesnenozo 3a piznumu mexHONOLIAMU — CENCKMUBHO20
nazeprozo naasienns nopowxy (CJII) i mpaduyiiinoi eapswoi npokamxu (BT6). Y euxionomy cmani
CJIII-3pasoxk, saxull cKIa0aemvcs 3 2eKCa20HANbHOL a-ghasu, mae dewjo dinbut eucoke (y 1,3 pasu) 3ua-
yenusn mikpomeepoocmi (HV), nide eapauexamanuii npymox BT6, ona sikozo kpim o-gazu ghikcyemocs
HaseHicmob Kyoiunoi f-gazu (18 %). Iicisn Y3YO gixcyemoves spocmanns 3uavenns HVio y 1,6-1,8
Paszie He 3a1edCcHO 8i0 Memody eupobHuymaea cniagy. Memooom HaHOIHOEHMY8aHHS 6CIMAHOBIEHO, U0
iHcmpymenmanvrha meepoicmo Hit 3pocmac 6 1,4—1,5 pasis.

Kniouosi cnosa: 3D opyx, cnnas Ti-6Al-4V, cenexmusne nasepue niasnenns, yiompaseykosa yoapha
00pobKa, Mikpomeepoicms, (hazosuil cK1ao.

STRENGTHENING OF SURFACE LAYERS OF 3D-PRINTED ALLOY
Ti-6Al-4V BY ULTRASONIC IMPACT TREATMENT

Buravlov N.4., student; prof. Voloshko S.V.; Ph.D. Burmak A.P.; Ph.D. Franchik N.V.
National Technical University of Ukraine "lgor Sikorsky Kyiv Polytechnic Institute™

Abstract. The paper presents the results of the study of the influence of ultrasonic impact treatment
(UIT) on the microhardness, phase composition, macroscopic residual stresses and surface topogra-
phy of the Ti-6Al-4V alloy produced by different technologies — selective laser melting (SLM) of pow-
der and traditional hot rolling (VT6). In the initial state, the SLM sample, which consists of the hexag-
onal a-phase, has a slightly higher (1.3 times) value of microhardness (HV) than the hot-rolled VT6
bar, for which, in addition to the a-phase, the presence of the cubic -phase (18 %) was observed. Af-
ter UIT, an increase in the value of HV100 by 1.6-1.8 times was registered, regardless of the alloy
production method. Using the nanoindentation method, it was established that the instrumental hard-
ness of Hyr increases by 1.4-1.5 times.

Keywords: 3D printing, Ti-6Al-4V alloy, selective laser melting, ultrasonic impact treatment, micro-
hardness, phase composition.

Beryn

CmuaB Ti-6Al-4V € onniero 3 HaitmommpeHimux GOpM THTAHOBHX CIUIABIB, SIKHA IUPOKO BH-
KOPUCTOBYETHCSA SIK B aePOKOCMIiUHiH, TaK i B aBTOMOOUIbHIM, Oi0MeqUUHiH, eHepreTHyHii Ta XiMiuHilA
npomucioBocTi. OHaK TpajMiliiiHa MexaHiuHa 00poOka BipooOiB 3i cruiaBy Ti-6Al-4V e myxe Tpusa-
JIOK0 Ta jgoporoBapTicHO. OCTaHHI MPAaKTHYHI PE3y/IbTaTH YHMCACHHHMX JIOCHIDKEHb IMOKa3ajH, 10
CydyacHe aJIuTUBHE BUPOOHUIITBO (AB) 31aTHEe yCyHYTH 11i HEOMIKH. Y TiM, B 3aJIe)KHOCTI BiJi METO/IIB
1 mapametpiB 3D-IpyKy crnocTepiraeTbcs CyTTE€Ba Pi3HHUISI MEXaHI3MIB Ta KiHETUKM (QOpMyBaHHS
MIKPOCTPYKTYPH, a TAKOXK MEXaHIYHHUX XapakTepucTtuk criaBy Ti—6Al-4V mopiBHSHO 3 TpaauIliitHuU-
MU TE€XHOJIOTISIMH.
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AHaniz myOJtikaniii

Haii0inpm yacTo BUKOPUCTOBYBaHOIO TexHiKOO AB amsi BuroroBnenHs 3D-3paskiB cruiaBy
Ti-6Al-4V e cenextuBHe nazepue mwiasnenus (CJII1, SLM) [1]. Leit npouec nepenbayvae nepioaundHuii
PO3MO/ILI TOHKOTO IIapy PO3MUICHOr0 METaleBOro mopoiky criaBy Ti-6Al-4V 3 moganbimmM ias-
JICHHSIM HOTO MOTY>KHUM JIa3epHUM MPOMEHEM BiANOBiAHO A0 udpoBoi 3D-Moxeni ApyKOBaHOTO BU-
poOy.

Cepen ocaoBHuX mapametpiB nporecy CJIII MokHa BiIMITUTH HACTYITHI: TIOTYKHICTH BOJIO-
KOHHOTO JIa3epy, IBHIKICTh CKaHyBaHHS 1 ToBmHa mmrapy (30-60 MKM) OIIIaBICHOTO TOPOIIKY.
TakuM 4MHOM, MeTalleBHi O0'€KT CTBOPIOETHCS IAp 3a MIapoM. SIK MpaBmIiIo, MpOIEC MOIIAPOBOrO
JPYKY XapaKTepU3YeThCS BHCOKOIO IIBHKICTIO CKaHYBAaHHS Ta CYHPOBODKYETHCS BHCOKHMHU TEMIIE-
paTypHUMH T'pajlieHTaMH, 10 MMPU3BOIUTH IO BUCOKHUX IMIBUAKOCTEH oXoiomkenHs. Hacminkom Buco-
KHX HIBHIKOCTEH 0XOJOKEHHS € opMyBaHHS HEPiBHOBaKHUX MIKPOCTPYKTYP, IO Uil TIEBHUX 3a-
CTOCyBaHb NOTpeOye HAcTyMmHOI TepMiuHOi 00poOKku. CJIII, sk TEXHONOTisI aIUTUBHOTO BUPOOHHUIITBA,
B OCHOBHOMY BHKOPHCTOBYETHCS IJII BHUTOTOBIEHHS APIOHOMACIITAOHWX 1 BHCOKOTOYHUX KOMIIO-
HeHTiB [2-7].

EdexTuBHICT, BUKOPHUCTaHHS YNBTPa3BYKOBOI yaapHoi 00poOku (Y3YO) mis moBepXHEBOrO
3MII[HEHHSI [MOKa3aHa [Ulsl CIUIaBiB TUTaHy, BUPOOJCHUX SIK 33 TpaaUIiHHUMHU TexHosorismu [8—10],
TaK 1 METOJaMH KOMITaKTyBaHHs/crikaHHs roporky [11, 12]. Y3YO moxe OyTu eheKTHBHAM CITOCO-
6om moaudikaiii noBepxHi 3D-3paskiB cmiaBy Ti-6Al-4V, HagpykoBanux 3a AB TexHouorieto, 3ac-
HOBAHOIO Ha IUIABJICHHI JIPOTY JAHOTO CIUIABY €JIEKTPUYHO0 ayroo [13—15]. B naHux mocimimKeHHIX
BCTaHOBIIEHO, 0 Y3YO Moke eheKTUBHO 3MEHIITYBATH 3aJUINKOBI HAMIPYKEHHS, 3MiHIOBaTH MOpP(]o-
JIOTiO 1 pO3Mip - Ta B-3epeH, 1 THM CaMHM MiIBUIIYBATHA TBEPAICTh 1 MIIJHICTh 32 PO3TATY.

Pe3yabTaTu AociigxKeHb Ta iX 00roBopeHHs

3pasku craBy BT6 BUTOTOBISUIMCH 13 IPYTKIB IUISIXOM pi3aHHS MEPIECHANKYISPHO HATPSMKY
raps4oi MpoKaTKy Ta Maiu GpopMmy AUCKiB miameTpoM 15 MM ToBmmHOKO 2 MM (+ 0,1 MMm).

3D-3pasku craBy Ti-6Al-4V (y BUrisiai MOHOJIITHOTO KyOy, po3mipamu 1x1x1 ¢Mm) oTpumani
3a texHojoriero CJIII na 3D-npuntepi Alfa-150D kommnanii TOB «AnuTuBHI Ja3epHi TEXHOJIOTIT
VYkpainny [16]. XiMiuHU# cka IBOX THITIB 3pa3KiB HaBeAeHU B Tab. 1.

Tabmums 1 — XiMiuHMA CKJ1a] JOCTIIKYBaHUX CILIaBIB

N Macosa yacTka eneMeHTa, %
N Jlomimku
3paska .
Al i v Si Mn | Cr Zr Mo | Sn | Fe
Ti-6Al-4V| 5,71 |ocuosa| 4,17 - - - - <0,001

HE HE HE
BT6 | 5,3-68 |ocnosa | 3553 imeme | S™MM | Ginome G-
0,10 He Oinble 0,15 0,30 e 0,6

VYipTpasBykoBa ygapHa oOpoOka mpoBoawinack Ha npuianai Y3I-300 B armocdepi aprony
yrpojoBxk 120 ¢ 3 aMIutiTyZ010 25 MKM 3a MeTojukoro [17, 18]. BukopucToByBaBcs OOHOK IHIIIH-
IpuaHOi popmu miamerpom 5 MM i3 3arapToBaHoi crami LIIX15, skuii koauBaBcs y BUCOKOYaCTOTHOMY
niamazoHi (1-3 xI['m). 3pa3ok 3HaxoauBCs y 30HI Aii Ooiika 3a yMOB, HaOJIMKEHUX JI0 KBa3iriipocra-
TUYHOTO CTHCKaHHSI.

Ha puc. 1 HaBeneno nudpakrorpamu 3pas3KiB JOCIHIAKYBaHOI'O THTAHOBOTO CIUIaBy, OTpPUMa-
Horo CJIII mpykoM Ta raps4oio MpOKaTKoIo, y BUXiTHOMY cTaHi Ta micist Y3YO B iHepTHOMY cepeno-
Bumni. Ha nmugpakrorpamax CJI[I-3pa3kiB sk y BuXigHOMY cTadi, Tak 1 miciss Y3YO HasBHI
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JudpakifiiiHi MakCUMyMH BiJ TeTparoHajabHOi o-()as, TOAI SK IS TapsdeKaTaHuX NPYTKiB
JIOTATKOBO (DIKCYIOTHCS AU(paKIiiiHi MaKCUMYMH Bijx KyOiuHoi B-ha3u.

3a HaBeIGHUMH JJAHUMH PO3paxoBaHo po3Mip obnacteid korepentHoro poscisaus (OKP) ta Bennunna
MikpozedopMallii KpECTaniuHoi rpaTku o-(hasm, TaKoXk METOIOM Sin’y BH3HAYEHO HANPYKEHHS 1-ro
poxny (puc. 2). Poamip OKP s 3pa3kiB cruiaBy, oTpuManoro 3D npykoM Ta rapsyoro INpOKaTKoo, y
BUX1THOMY cTaHi cTaHOBUTH Om3bko 170 M Ta 130 HM. Ilicns Y3VYO 6inbin iHTEHCUBHO BiIOyBa€Th-
cs moapioHeHHs cTpykrypu came CJIII-3pa3kiB 10 Benmnymam ~15 HM, Ha BiAMIHY BiJ TapsyeKaTaHux
3paskiB BT6 (~30 um).

Bennunna mikpoaedopmanii kpuctaniunoi rpatku € micnga Y3YO CJIII-3pa3kiB Takox 3poc-
tae Oinpin iHTeHCHBHO (y 1,8 paswm), MOpiBHIHO 3 BUXIAHUM CTaHOM. B 3pa3kax, OTpuMaHHX 3a Tpa-
JUIIITHOIO TEXHOJIOTIEI0, BEIMYMHA MikporedopMariii 3poctae e B 1,2 pas3u.

Takox, cig 3ayBakKUTH, 10 IHTEHCHBHA TUTACTHYHA JedopMallisi MOBEPXHEBX LIApiB 3pa3KiB,
OTpUMaHUX 000Ma METOJIaMH, Belle J0 MePEepPO3MNOALTy OpieHTaIlill 3epeH 13 IepeBaKaHHIM 3epeH, I
KX 0a3¥CHA IUIOIIMHA CTa€E MapajielIbHOI0 00poOIIIoBaHiit TOBEPXHI.

Pentrenorpadiunmii aHaniz HamnpyxeHb 1-ro pomy, 3a METOAOM sin?y, MoKasaB, IO IS
BUXITHOTO CTaHy 3pa3KiB, OTPUMaHUX 3a Pi3HAMH METOAAMH, XapaKTEepPHI PO3TATYIOUI HATPYKEHHS
(puc. 2). ns rapsuekatanoro ta CJIII-3pa3ka 1 BenmuumHa ctaHoBUTH 162 Mlla ta 175 Mlla,
BignopimHo. I[licns Y3VO B iHEpTHOMY CEpEIOBHIN HANpy>KEHHS 3MIHIOIOTH 3HAK 1 CTarOTh
CTHCKAIOYMMHM, MpH [bOMY BenuuuHa Iux HampyxeHb ans CJII-3paska (-625 Mlla) € cyrreBo
MEHIIOI0 HiX /I rapsaekaranoro npytka (-1073 Mlla).
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Puc. 1. Indpakrorpamu 10CiiKEHNX 3pa3KiB TUTAHOBOT'O CILJIABY:
a — Buxiguuit 3pazok BT6; 6 — 3pazok BT6 nicns Y3YO; ¢ — suxiguuit CJII1-3pa3ok;
2 — CJII-3pa3ok micng Y3YO
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Puc. 2. Po3mip obnacreii KorepeHTHOTO PO3CisIHHA (@), CTYMiHb AedopMallii KpUCTalligHOi TPaTKH

a-(hasu (6) Ta HanpykeHHs 1-T0 poxy () s 3paskiB rapsuekaranoro BT6 ta CIIII-Ti6AI4V crutasis
y BUXigHOMY cTaHi Ta micisg Y3YO B iHepTHOMY CEpeIOBHIIIL.

Tomorpadiro ainsHOK moBepxHi (320%240 MKM) 1715t Pi3HUX 3pa3KiB AOCIHIPKYBaHOTO TUTAHO-
BOTO CIUIABY, BUTOTOBJICHUX 32 TPAJHUIIIHHOIO TEXHOJIOTi€I0 raps4oi npokatku (puc. 3 a, 6) ta CJIII
(puc. 3 6, 2), y BuxinHomy ctadi Ta micinst Y3YO pociiukeHO MeTooM iHTepdepeHuiiHoi npodino-
MeTpii.

Ho nposenenns Y3YO mnoBepxHs 3pa3KiB mijgaBanacs nutiyBaHHIO JJs 3a0e3neueHHs piB-
HHUX YMOB Je(opMyBaHHS, OCKUIBKH B pe3yibTaTi 3D-ApyKy OTpHMaHO JOCHIIHHUNA 3pa30K, IO Mae
014H1 CTIHKHM 3 JOCHTH PO3BHHEHUM penbedpom Ra > 6,3 mxm. BeranosneHo, mo B pesynbrati Y3YO
MOBEPXHsI 3pa3KiB JAePOPMY€EThCs 13 (OpMyBaHHS peibedy, XapaKTepHOTo st 0araTopa3oBoro yaap-
HOr0 HaBaHTaKeHHs. J[JiA KiNBbKICHOI olliHky BIUIMBY Y3YO Ha MOpdOJIOTito MOBEPXHI po3paxoByBa-
JUCh TapaMeTpu MOPCTKOCTI Ra, R, Ta miomia S anamizoBaHOi MOBEpXHI TUTAHOBUX 3pa3KiB MicCIs
nutidyBanHs (Buxigauit crad) ta Y3YO.

[MapameTpy MIOPCTKOCTI MOBEPXHI 3pa3KiB y BUXITHOMY CTaHi CTaHOBIATH: Ra= 0,060 Mxwm,
R,=0,361 mMxm (S=78203 mxm?) — BT6 Ta R= 0,142 mxm, R,=0,635 mxm (S=78334 mxm?) — CJIIL
B pesynprarti npoBeaenHs Y3YO Tonorpadist moBepxHi 3MIHIOETHCS A7l 000X THIIB 3pa3KiB, ¢op-
MY€EThCSl OUIBII PO3BMHEHUH peibed, 110 Mae 3HAYHO BHWIII 3HAYCHHS IapaMETPiB IIOPCTKOCTI
MOPIBHSIHO 13 BUX1THUM CTaHOM.

[Ticna Y3YO 3paska BT6 mapameTpu IIOPCTKOCTI MOBEPXHI CTAaHOBIATH: Ra=0,490 MxwM,
R,=1,597 mxm (S=81061 mMkm?). Takum 4MHOM 3HAYEHHs, HANPUKIaA Ra, micis Y3VO 3pocrae npu-
omu3Ho y 8 pasiB. [Ticns Y3YO mis CJIII-3pa3ka criocTepiracThesi aHAIOTIYHUHN e(heKT — mapaMeTpu
IOPCTKOCTI 301IBIIYIOTECS 10 3HaYeHb R=0,6950 Mxm, R, =1,822 mxm (S=81404,9 mkm?). B mpomy
BUNaJKy Ra3pocTae mpuOIM3HO y 5 pa3iB NOPIBHSIHO 3 BUXITHUM CTaHOM. Y pe3yJbTari, MapaMeTpu
HIOPCTKOCTI JJIsl 3pa3KiB, OTPUMAaHUX 33 PI3HUMH TEXHOJIOTISIMH, MArOTh JOCHTh OJM3bKI 3HAYCHHS
mopctkocti micnst Y3YO (pospizustoTees B 1,4 pasu). Lleit pe3ynabTar Kopemnroe 3 JIiTepaTypHUMH J1a-
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HUMH 1010 OPMYBaHHS €KCTPY3ii/iHTpY3ili Ha MOBEpXHI THTAaHOBOTO cruiaBy nics Y3VYO nmoBepxHi
[19].

50 100 150 200 250 300 50 100 150 200 250 300

Puc. 3. TpuBumipHni Tonorpadii moBepxHi 3pas3kiB BT6 y Buxignomy crani (a) Ta micnst Y3YO (0),
a takox CJIIT-3pa3kiB y BuxigHomy ctati (6) Ta micis Y3YO ().

PesynpTratn, oTpuMaHi METOZOM HAaHOIHAEHTYBaHHS (Tabi. 2), 3aJ0BIJIbHO Y3TOKYIOThCS 13
JIAHUMH BUMIpIOBaHHS MikpoTBepaocTi 3a merogoMm Bikkepca (Hpio). Y Buxignomy crani CJIII-
3pa30K Mae OUIbII BUCOKE 3HAUCHHS MIKPOTBEPAOCTI HIK TOH, 10 OTPUMAHUI rapsiuor0 MPOKATKOIO.
AJe g pi3HUIS 3HaYeHb 32 JaHUMH 000X MeTofiB He nepeBuinye 1,3 pasi. [licna Y3YO 3pocranns
3Ha4deHHs1 Htio0 BimOyBaeTbes y 1,6—1,8 pa3iB He3anexxHO BiJf METOY OJiepKaHHS cIliaBy. [HCTpyMeH-
tanbHa TBepHicTh Hit 3poctae B 1,4-1,5 pa3ziB. OLiHKM XapaKTEpUCTUKU IUIACTUYHOCTI CB1IYATh, IO

npoIec 3MIIHEHHS TUTAHOBOTO CIUIABY CYMPOBOJIKYETHCSA 3HIKECHHSIM HOTO TUIACTHYHOI TMOJATIIH-
BOCTI.

Tabmuus 2 — MexaHiuHI BIAaCTUBOCTI IMOBEPXHI 3pa3KiB 3a JaHMMU BUMIPIOBAaHHA MiKpo-
TBepaocTi 3a MeTonoM Bikkepca (Hpioo) Ta iHCcTpyMeHTanbHoTO iHAeHTYBanHs (Hit — cepenne 3Ha-
YeHHs1 TBEpJ0CTi 3a Meiiepom, E — KOHTaKTHHI MOy IPY>KHOCTI, O — XapaKTePUCTHKA MJIacTHY-
HOCTI)

3pa3ox BT6 BT6 + Y3YO CJIII CJIIT + Y3YO
H],l1oo, I'Tla 3,2 5,8 4,1 6,6
Hir, I'Tla 4.2 6,2 4,9 6,9
E, ['Tla 111,5 113,1 110,3 1111
On 0,848 0,788 0,816 0,765

[NopiBHIOIOYM J1aHI IOJ0 MEXaHIYHUX BJIACTHBOCTEW MOBEPXHEBOTO WIAPY i3 pe3yibTraTamu
PEHTIEHOCTPYKTYPHOTO aHaJIi3y, MOYKHA 3pOOMTH BUCHOBOK, L0 CEpeJl IPHYHMH 3MIILHEHHS (3pOCTaHHS
TBEPJOCTI), 3a(ikCOBaHUX Il 000X THIIB JIOCTIDKEHUX CIUIABIiB, Yy BUMaaKy Y3YO rapsuexaTaHux
3pa3kie BT6 BU3HauaIbHY pOJIb BiJlirpac BUCOKUHN pPiBEHb CTHCKAIOUYMX HANpyKeHb 1-ro poxy. 3poc-
tanHs MmikporBepaocti CJIII-3paskiB cmaBy Ti-6Al-4V BinOyBaeTbest y OuIbLIii Mipi 3a paxyHOK
IHTEHCUBHHX MPOLECIB MOAPIOHEHH KPUCTANIYHOT CTPYKTYpH (10 15 HM) Ta 3HaYHOT TYCTUHH JUCIIO-
kariii. Kpim toro, cyrreBo menma kinbkicts y CJIII-nmpykoBanux 3paszkax B-hazu, 1o Mae MeHIny
MIKPOTBEPAICTD, HIXK 0, 0. -(ha3u, TAKOXK MOSICHIOE BUSBJICHI e(DEKTH.
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BucHoBkH

HocnimkeHo ocobnuBocti BBy Y3YO B iHEPTHOMY CepelOBUINI Ha MEXaHidHi
XapaKTepUCTUKH, (pa3oBHid CKiIaJ], 3aJIMIIKOBI MAaKPOCKOIIYHI Hampy)KeHHs Ta Tomorpadiro moBepxHi
criaBy Ti-6Al-4V (BT6), BUrOTOBICHOTO CENCKTUBHHUM Ja3epHUM IuUIaBiaeHHs mopomky (CJIIT) i
rapsaoro MPOKaTKOIO.

Bcranosieno, mo 3poctanHs MikpoTBepocTi 10 6,6 ['Tla y 3paskax, orpumanux 3D-apykom,
BiIOYBa€THCS 32 PaxyHOK OUBII iHTEHCUBHOTO MOAPIOHEHHS KPUCTANIYHOI CTPyKTypH (10 15 HM) ¥
MOPIiBHSHHI 3 rapsyekaTaHuMu 3paskamu (30 HM) Ta 3pocTaHHS MiKpoaehopMallii KpHCTAIIYHOI Tpat-
KU o-(ha3u MOPIBHAHO i3 BUXigHUM cTaHoM (B 1,8 pasu mis CJIII- cnaBy Ti-6Al-4V iy 1,2 pasu mis
BT6). 3pocTanas MIKpOTBEPIOCTI B 3pa3KaxX, OTPUMaHUX rapsyor0 mpokaTtkor mo ~5,8 I'Tla, BixOy-
Ba€ThCS 32 paxyHOK ¢opMyBaHHS B 1,7 pa3iB BUIIOTO PiBHS CTHCKaouux HampyxkeHb (-1073 Mlla),
nopiBastHO 13 CJIII-3paskamu.
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3MIHA CTPYKTYPHOI'O CTAHY B CTAJII AYCTEHITHOI'O KJIACY
IIJI BINIMBOM HAT'PIBAHHS®

IInensoBuy A.B., c1. rp. MC-31-20, XHAY

Anomauia. Memow 00cniodcenb € GUSHAUEHHS GNIUGY MEXHONOIYHUX NAPAMempie CMAPIHHA HA
cmpykmypy i enacmugocmi 3paskie nepcasgitouoi cmani mapox 12X1ISHI10T ma 08X18HI0T. Y npo-
yeci pobomu nposedeHull KOMNIEKC MeXAHIYHUX OOCNIOJNCEHb 3DPA3KI8 Hepicasilouol cmani mMapox
12X18HI10T ma 08X18HI0T 6 suxionomy cmawi i RiCAs PI3HUX PeNcUMIE GIONALY i HA OCHOBI aHALI3Y
MEXAHIYHUX OO0CHI0JNCEHb BUBHEHI CMPYKMYPHI 3MiHU, WO 6I00Y8AOMbC 6 3PA3KAX HEPHCABIIOYOT
cmani mapox 12X18HI10T ma 08X18H10T 6 pesynsmami mepmiuHo2o0 CMApiHHA.

Knrouoei cnosa: spasku nepoicasirovoi cmani maprxu 12X18HI10T, 08X18HI10T, koposis, sionan, me-
XAHIYHI 61ACTUBOCTI, NEEPOICMb, CIMPYKMYPd, CIAPIHHS

CHANGE OF STRUCTURAL STATE IN AUSTENITE STEEL
UNDER THE INFLUENCE OF HEATING

Shpenovich A.V., st. of gr. MC-31-20, KhNAHU

Abstrac. The purpose of the research is to determine the influence of aging technological parameters
on the structure and properties of samples of stainless steel grades 12X18N10T and 08X18N10T. In
the course of work, a set of mechanical studies of 12X18N10T and 08X18N10T stainless steel samples
was carried out in the initial state and after various annealing regimes, and based on the analysis of
mechanical studies, structural changes occurring in 12X18N10T and 08X18N10T stainless steel
samples as a result of thermal aging were studied.

Key words: samples of stainless steel 12X18N10T, 08X18N10T, corrosion, annealing, mechanical
properties, hardness, structure, aging

Beryn

Hepxasiroui i KOpO3iHOCTIHKI CTajl 3HaXOAATh IIMPOKE BUKOPHCTAHHS B XiMI4HIN MpOMUC-
JIOBOCTI TIPY BUTOTOBIICHHI XiMiYHOI anaparypy, y Had)To-Biif MPOMHUCIIOBOCTI — y TPyOUaTKax KPEeKiHT
YCTaHOBOK, anapatypi nmepepoOku HadTH. Y MeTanypriiHii i MammHOOy1iBHIH POMHUCIIOBOCTI XKapo-
CTI¥KI cTasi 1 CIUTaBU BUKOPUCTOBYIOTHCS TIPH BUTOTOBJICHH] €JIEMEHTIB MYHOTO YCTATKyBaHHSI.

Excronyarariiina HafiitHiCTh XiMI4HOT anapaTypy, BUTOTOBJICHOT 3 HEPXKABIFOUMX KHCIOTOTPH-
BKHX CTallel, 0COOIMBO KOPO3iliHA CTIMKICTh 3BAPHUX 3’ €JHAHb, BH3HAUAETHCS SAKICTIO CAMUX CTajei i
TEXHOJIOTIE€I0 BUTOTOBJICHHSI anlapaTypHu.

CyuacHa eHepreTHka, razoryp0o0yayBaHHs, HadTONEpepoOHa MPOMHUCIOBICTE 1 MIPOMHCIIO-
BiCTh BUPOOHMIITBA OPTaHIYHUX I CHHTETHYHHX MaTepialiB IHPOKO BUKOPHUCTOBYIOTH HEpIKaBitOUi
CTalli, 0 MaloTh OB BUCOKI MEXaHI4Hi BIACTHBOCTI TPH MiJIBUILEHUX TEMIIEpaTypax.

Oco0OIMBO MUPOKE BUKOPHUCTAHHS HEPIKABIIOWI CTalli, OJIEPXKAITU B ra30TypOiHHUX YCTaHOBKAx
NIpY BUTOTOBJICHHI KaMep 3TOpsHHSI, KOPITyCiB TypOiH, peaKTHBHUX COIE, JONATOK i TUCKIB OCHOBHX
KOMIIpecopiB. Y IUX BUMAJKaX iX BUKOPHCTOBYIOTH TOJIOBHHM YHHOM Y SIKOCTI apOCTiHKOTO 1 Ka-
POMILIHOTO MaTepiay.

[loeananHst KOpo3iiiHOT CTIMKOCTI 1 HEOOXIIHMX MEXaHIYHHUX BIACTHBOCTEH NMPH KIMHATHUX
TeMIeparypax, rapHa 3BaprOBaHiCTh 1 JOCUTh BUCOKI MIl[HICTb 1 TNIACTHYHICTh 3BapHUX 3’ €IHAHb IOC-

% Po6oTa BuKOHaHa mij kepiBHMITBOM pouenTa IIporacenxko T.O.
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JY>)KHITA OCHOBOIO JIO IMTUPOKOT'O0 BUKOPHUCTAHHS XPOMOHIKEICBUX CTaJIeH 1 CIUIAaBIB Y PI3HUX Taly3saX
MIPOMHCITOBOCTI [1].

AHani3 myOJsikanii

Cranb, CTIliKy IPOTH Ta30BOT KOPO3il MpU BUCOKUX TemrepaTypax (moHan 550 °C), Ha3uBarOTh
OKaJIMHOCTIHKOIO (3kapocTiiikoro). Ctai, CTIHKI POTH €JIEKTPOXIMIUHOI KOpO3ii, Ha3UBAIOTh KOPO3iii-
HOCTIMKAMH (HEp)KaBIFOUMMH) CTasIMHU. [liIBHINEHHS CTIMKOCTI CTaji MPOTH KOpO3ii JOCATAETHCS
BBEJICHHSIM Y Hel eIeMeHTIB, [0 YTBOPIOIOTh HA MOBEPXHI 3aXMCHI TUTIBKH, MIIIHO 3B’53aHI 3 OCHOB-
HUM METaJIOM, i 5IKi 3armo0iraloTh KOHTAKTY MiXK CTAJUIIO i 30BHILIHIM arpeCHBHUM CEPEIOBHUIIEM, a
TaKOX IMIIBUIIYIOTh eIEKTPOXIMIYHIH MOTEHIIIal CTajl B PI3HUX arpeCUBHUX cepefoBHmax [2].

HeprxaBirounMu cTansMu TPaAHIIHHO HA3WBAIOTh CTaJi, IO MAOTh BUCOKY KOpPO3iHHY CTiH-
KiCTh y BOJIOTil aTMoc(epi i cnabkoarpecuBHUX BOASHUX PO34HHax [3].

Hepxasiroui cTasli BAKOPUCTOBYIOTHCS, 3 OAHOTO OOKY, MPU 3BUYAHUX YMOBAX, KOJIHU MOTPi-
OHa CTIMKICTh 1O BiTHOIIEHHIO O CYXOTO i BOJIOTOTO MOBITPS, BOASHAX PO3YUHIB, PIUKOBIH 1 MATHIN
BOJIi, 1O XJIOPUCTHX PO3YUHIB 1 MOPCHKOI BOJH, a 3 1HIIOTO OOKY, MPH KOHTAKTI 13 CHIIbHOATPECUBHU-
MU CepelIOBUIIAMH, TAKMMH SIK HEOpPTaHIuHi i OpraHiuHi KUCIOTH, JYTH, KOJIH HEoOXiJHa XiMiuHa
CTIMKICTh. 3 OrNAqy Ha YMOBH pOOOTH, HEp)KaBitoUi CTali MOBHHHI MICTHTH He MeHII 12 % Xpomy.
Bubip nmeryounx ereMeHTIB 3aJIeKUTh BiJl HEOOXiTHUX EKCIUTyaTaliifHAX BIACTHBOCTEH.

BuMorn 10 MexaHIYHUX BIaCTUBOCTEH, HacaMIepe, CIPsIMOBaHi Ha MIIHICTh 1 B’A3KIiCTb MpH
3BUYaHUX YMOBaX HaBaHTAXKEHHs, TOOTO MPH CTATUYIHOMY, IIUKIIIYHOMY Y{ yJapHOMY HaBaHTaKEHH1
B HOPMaJIbHUX YMOBAX, & TAKOXK IPU HU3bKHX 1 MIABUIICHUX TEMIIEPATypax.

Jlo HaBaXKIMBINIMX BJIACTHBOCTECH HEPIKABIIOUMX 1 KUCIOTOCTIMKUX CTalieH, 1[0 BU3HAYAIOTh
BUOIp cTai sl KOHKPETHOTO BUKOPUCTaHHS, BAPTO BiIHECTH:

1) Kopo3iliHy CTIHKICTB Y Ta3aX, BOJSHUX PO3YMHAX 1 KUCIIOTAX;

2) mocTaTHI MIIHICTE 1 B’A3KICTh, Y TOMY YHCIIi 1 IPH TEPMIYHOMY BIUIHBI.

3) neopMyeEMICTh Y XOJIOMHOMY 1 rapsiuoMy CTaHi i 00pOOJIIOBAHICTh Pi3aHHSM;

4) 3BaproBaHICTh [4].

Haii6inpIe BUKOPUCTaHHS B TMTPOMUCIIOBOCTI Cepell HEP KaBIIOUNX CTaliell ofepKalli XpOoMO-
Hikenesi ctani Mapok 12X18H10T u 08X 12H10T, mo po3pi3HsOThCS Mk COO0I0 BMICTOM BYTJIEIIHO 1
BiJTHOIIICHHSM THUTaHA JI0 BYTJICIIIO.

Crani mapok 12X18H10T u 08X12H10T BUKOPUCTOBYIOTh SIK KOPO3iHHOCTIHKHUIA, )KapOCTiii-
KUH 1 )kapominHui MaTepian. Craji BAKOPUCTOBYIOTh Y 3BapHUX KOHCTPYKIIISX, IO MPAIOIOTh Y KOH-
TaKTi 3 A30THOIO KUCJIOTOIO 1 iHIIMMH CEepeIOBUIIAMU OKUCHOTO XapaKTepy; ACIKUX OpraHiYHUX KHC-
JIOTax CepefHiX KOHIEHTpalliii, OpraHiYHNX PO3YMHHHUKAX, aTMOC(QEpHUX yMOBax i T.n. XIMIYHHA
CKJIaJI WX CTayiell HaBeleHuH y Taom. 1.

Tabmums 1 — Ximiuawmii cknan craneit mapok 12X18H10T u 08X12H10T

Mapxka Ximiuau# cknan, %
crani C Si Mn Cr Ni Ti S P
08X12H10T | <0,08 | 0,8 | 1-2 | 17-19 | 9-11 Ti>5,5 <0,02 | <0,035
12X18H10T | <0,12 (C-0,02)

ArpecuBHI cepefoBHIIa (a30THA KHCJIOTAa) BUKJIMKAIOTh MIXKPHUCTAJITHY KOPO3il0 HaBiTh Y
THX BHIIaJIKaX, KOJIM CTallb 3arapTOBaHa Ha ayCTEHIT, a BMICT Byrewto He Oiibin 0,02 % [6].

MiXKpHUCTaTiTHa KOPO3is MOJISTaE Y MIBUIKOMY BHOipKOBOMY PO3UYMHEHHI I'PaHHIb 3€PEH Me-
Tay, 0 CYNPOBOKY€ETHCSI BTPATOI0 MIIHOCTI 1 miactuuHocTi. Lleit Bua kopo3sii BuHHKae B mporeci
CITy’)KOM THX MaTepialiB, 0 MalOTh BUCOKY KOPO3iiHY CTIHKICTh B JAHOMY cepeoBuIi [4].
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3a J01moMOT0I10 T0OABOK KPEMHII0 MOYKHA IIIJIECITPSIMOBAHO ITiIBUIATH CTIHKICTEH CTa 0 KO-
po3il y BU3HaUYeHNX yMOBaX. Tak KpeMHii TOMITHO 3MEHIIIyE PIBHOMIpHY KOpPO3it0 B KOHIIEHTPOBaHIH
A30THIN KUCTIOTI.

st 3an00iraHHs IHTEPKPHUCTATIITHOT KOPO3ii, 110 BUKIMKAETHCS YTBOPEHHSIM KapOiliB 1 HIT-
PUIIB XpOMY Ha TPAHUIIX 3€PEH, BYTJeNb i a30T 3B’ A3YIOTh y CTaOUIhHI KapOiqu 1 HITPUAW THUTaHA.
KinpkicTe THTaHa, HEoOXigHa AJs 3amoOiraHHs MDKKPUCTATITHOI KOpo3ii B cTajii, HOBUHHA OyTH B
5,5 pasu Oinple BMicTy eeKTUBHOTO BYIJIEIIO, TOOTO BYTJIELI0, 10 Oepe yuacTh B YTBOPEHHI KapOi-
IiB, sike Bu3HaudaeTbesl BupaxyBaHHsaM 0,02 % i3 3araqpHOrO BMICTy BYIVIEII0, OOyMOBJIEHOTO XiMid-
HHUM aHaJi30M.

st mominiieHHs: 0Opo0IIIOBaHOCTI pi3aHHIM y JesiKi HeprKaBiloi CTai, K i B aBTOMaTHI CTa-
1i, nogarots 0,25 % S. IIpu npoMy HEOOX1THO ypaxoByBaTH 3HI)KEHHs KOPO3iHHOI cTikikocTi. Jlo6aB-
KU CeJICHYy He BUKOPHCTOBYIOTBCA 4€pe3 TOKCHYHY IiI0 IIbOTO E€JIEMEHTA.

YMOBOIO KOpO3iiHOI CTIHKOCTI CTalli, HOPsI 13 MPaBUILHUM XIMIYHHM CKIIAJIOM, €, MOXIIUBO,
OinmbI ogHOpiAHA CTPYKTYpa. JedhekTu CTpyKTypH, Taki sK iHTepMeTamigHi ¢a3u, yu cyiab(iau oKcH-
A 3 eJICKTPOXIMIYHUMH TTOTEHITIATAMH, 110 BiAPI3HAIOTHCS BiJ MAaTPHIl, BUKJIHKAIOTh, SK MPaBUIIO,
CEJIEKTHBHY KOPO3ilo.

HaiiBaxxnuBimmid Jeryounii eJIeMeHT HEep)KaBiloUMX cTaleld — XpoM — 3BYXKYE Y-IUIIHKY Ha
niarpami crany Fe — Cr. Crani, mo mictars 13—-50 % Cr i no 0,1 % C, npu ximMHaTHil Temnepartypi
MaroTh GeputHy cTpykTypy 3 OLIK-pemriTkoro.

XpoM BITHOCUTBCS JI0 METAJIIB, IO JIETKO MACUBYIOTHCS B OKHMCHHUX CEPEIOBHINAX 31 3MIHOMO
HETaTHUBHOTO MOTEHIIaTy Ha TTO3UTHBHUH.

KoposziifHa CTifiKiCTh XpPOMHUCTUX CTaJEH 3aJIe)KHUTh BiJl BMICTY XpOMY 1 BYTJICITIO, PEKUMIB Te-
pMiuHOI 00pOOKH 1 CKIIaly KOPO3iHOTO cepeoBHILA.

MounibeH 1 KpeMHIN TakoX € eJIEMEHTaMHM, 0 PO3LMIUPIOIOTH O-TUISIHKY Jiarpamu, TOOTO €
¢depputoyrBoprotounmu. Kapbino-, Hitpuaoyrsoprotoui enemerta — V, W, Ti, Nb — cTabimizyroTs ¢e-
PUTHHI TBEPAUW PO3YMH ABOSKUM YHHOM: 3 OJTHOTO OOKY, BOHU caMi OepyTh y4acTh B YTBOpPEHHI (e-
PUTHOTO TBEPJIOTO PO3UMHY, a 3 1HILOTO, 3B’3YI0UH B CTiliKi 3’ €JHAHHS BYIJIELb 1 a30T, Ili CIIEMEHTH
3HIDKYIOTH 1X ayCTEHITOYTBOPIOIOTY 0.

Hikens yTBOpIOE i3 3ami3zom Oe3nepeBHnii psin TBepaux I'TIK-pozunHiB i ToMy BUSBIISIE cebe
CHUIILHUM ayCTEHITOYTBOPIOIOYMM €JIEMEHTOM. Y CTallsIX 3 JIOCHTh BEJIIMKAM BMICTOM €JIE€MEHTIB, IO
cTabumizytoTh aycreHit (Mn, C, N), y-ainsHKa giarpaMu po3mMpeHa, a Temmneparypa As y—o mepet-
BOpPEHHS 3HIDKEHA HACTIJIbKH, IO ayCTEHITHAa CTPYKTypa 30epiraeTbcs A0 KIMHATHOI TeMIlepaTypu i
HaBiTh J10 OLTBII HU3BKKX TeMmepaTyp. Taki crami mictate 8—30 % Ni, mpuuoMy B KOXKHiH 3 HUX 30a-
JIAHCOBAHWH BMICT XpOMY i iHIINX ()ePUTOYTBOPIOIOYMX eJleMeHTIB [1].

TuTan BigHOCHUTBCS 1O (PEPUTOYTBOPIOIOYMX €IIEMEHTIB, 1 00 HE JOMYCTUTH MOSBH ABO(Da3-
HOCTi (Y + o) HEOOXiTHO MaTH B CTaJli TPOXH IiABHINEHH BMiCT Hikenro (opsaxy 10 %).

[pucanka TuTaHa 7O XPOMOHIKENIEBIX ayCTEHITHUX CTallel yCyBa€ IXHIO CXHJIBHICTh 10 MIXK-
KPUCTAIIITHOI KOPO3ii, ajie TPOXH MOTIPIIye IXHI0 KOPO3idHY CTIMKICTh y KUIUITYii a30THIM KHUCIOTI i
CepeoBHINAX, 110 MIiCTATH 11 [1].

VY BUPOOHHMIITBI HEPIKABIIOYHMX 1 KHCIOTOCTIMKHUX CTallell TUTAaH BUKOPHCTOBYETHCS SIK KapOi-
JIOYTBOPIOIOYHIA €JIEMEHT i3 METOIO 3a00IraHHs CXMIIBHOCTI IIMX CTael 10 MKKPHUCTAITHOT KOPO3ii.
YBOIATH TUTAH Y CTaNb AJIS IMiABUILEHHS )KapOMILIHOCTI.

XapakTEepHOIO PHCOI0 MIKPOCTPYKTYPH ayCTEHITY B XPOMOHIKEJIEBUX CTaJISX ISl IITAMITIB ra-
pSYOro ITAMITYBaHHS € HAsSBHICTh JBIMHUKIB, IO Yy JIATOMY CTaHi 3BHYAlHO HE BHSBIISIFOTHCS.
JBiitHukK 3’ sBISIIOTRCS Ticys AedopManii 1 pekpucTamizanii, a iHoAl 1 MPY 0XOJOIKEHHI BUIMBKH B
pe3ysbTaTi BAHUKHEHHS TEPMIYHUX HAIPY>KEHb.

VY LiKOM aycTEeHITHOMY CTaHI XPOMOHIKENIEBI CTalli BHSBISIIOTH MaKCHUMAJIbHY KOPO3idHY
CTIMKICTB 1 B’SI3KiCTh. YHACIIIOK BUCOKOTO BMICTY XpOMY HEBEJIMKA KUIBKICTh BYTJICIIO MOXKE MPHBE-
CTH JI0 BUJUICHHA IO TPaHMLX 3epeH KapOigy xpomy Me23Cs, 0COOIMBO MpH MOBIIBHOMY OXOJIO-
JOKCHHI 1 Mic/Is IOBTOPHOTO HarpiBaHHs B iHTepBaili Temmepatyp 450—800 °C. Jlyxe TpuBajie OBTOP-
HE HarpiBaHHs TEX CIPHsIE€ BUIICHHIO YaCTOK ycepeauHi 3epeH. [lopsin 3 mosiBoto kapOiny Ha TpaHu-
IIX AyCTEHITHOI'O 3€pHa B PE3yJIbTaTi KOPOTKOYACHOTO HarpiBaHHs, HANPUKIAZ, NMPH 3BaplOBaHHI,
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3BUYAIHO BiIOYBAETHCS MiICIIEBE 3HIKEHHS 3MICTY XpOMY, IO MOKE BHKJIMKATH CXJIBHICTD JI0 MiXKK-
PHUCTATITHOI KOPO3ii.

BrmB kap6imy XpoMy MOYMHAETHCS MICHs MOBTOPHOTO HarpiBaHHA mpotrsrom 100 r mpu
600 °C. B ontuuHOMYy MiKpOCKOmi KapOif, [0 BUIIIUBCS, BUSBISETHCA Y BHJII YACTOK IO TPAaHUIIAX
ayCTeHITHUX 3epeH. [HOi BUIIIEHHS CIIOCTEPIraloThCsl Ha TPAHMIAX ABIHHUKIB, IEPEBAXKHO O HEKO-
repeHTHUX NOBepXHsIX po3aindy. Kapoing Me2sCe, y 6ibIIOCTI BUNIANIKIB YTBOPIOETHCS Y BUAL MPSIMOKY-
THHUX YU TPUKYTHHX YaCTOK.

3HIKCHHSI BMICTY XpOMY IO TPAHHUIIX 3€PEH YHACTIIOK BUALICHHS KapOimy xpomy Me2sCe
MOJKHA CIIOCTEPIraT B ONTHYHOMY MIKPOCKOTI IpH TpaBieHHi Mikponuridha B 4 % po3unHi MiKPHHO-
BOI KHCIJIOTH, Y SIKYy JOJAIOTh TPOXH Kpalleib cOoNsiHOi Kucnotu. Lleit po3unH BIjiMBae Ha rpaHUlll 3e-
PEH 3 YaCTKaMH, 10 BUAUTIIINCS, y TOH Yac sIK ayCTEHIT, BUIBHUN BiJ BUIUIEHb KapOixy, HE IPOTpaB-
JIIOETHCS HABITh MICIIA TPUBAIOI BUTPUMKH [ 8].

Po3unnenns xap6iniB Me»3Ce, BinOyBaeTbes B inTepBaii 1000-1100 °C, a xap6iniB Ti — mpu
OLIBII BUCOKHX TEMIIEpPaTypax.

Byayun cunbHuM KapOiZOyTBOPIOIOYAM €IIEMEHTOM, TUTAH paHille iHIINX €JIeMEHTIB YTBO-
puTh ayxe criiki kapoigu Ti. Ilpn mboMy KOpUCHMIA TSI TIABHUIIEHHS KOPO3iHHOI CTIMKOCTI XpOM HE
npuiiMae yqacTi B YTBOPEHHI KapOifiB 1 3aJUIIAETHCS Y TBEPAOMY PO3UMHI. THTaH BBOAMTHCS B XPO-
MOHIKEIIEBY CTaJb Y KIJTBKOCTI B 4—5,5 pa3u OUTBIIIOMY, HiXK BMIiCT BYTJIEIIO.

3acTOCOBYIOUH Ha MPAKTHIN ayCTEHITHI XpPOMOHIKENEBi cTaji, HeOOXITHO BPaxOBYBaTH IXHIO
HU3BKY TEIUIONpOBiaHICTE. OHAK, IPU BUCOKHUX TeMIIEpaTypax Pi3HUI MK TEIUIONPOBIIHICTIO ayc-
TEHITHOI XpOMOHIKEJICBOI CTalli 1 cTamu (PepUTHOTO Ki1acy 3MEHIIY€EThCS.

Mana TemnonpoBiIHICTh 1 BUCOKHN KOE(DIMI€HT JTiHIHHOTO PO3MIMPEHHS € HECTPUSTIMBUMU
BJIACTUBOCTSIMH ayCTCHITHHX CTaJlel, TOMY IO MTPU MICIIEBHX MEPErpiBaX MOXKe CTBOPUTHUCS KOHICHT-
patlis Hampyr, 10 TPUBOAMUTE A0 KOPOOJIEHHS YX PO3TPICKYBaHHS JeTaneld. Y HUKHYTH IUX SBHIL MO-
JKHA TP CTBOPEHHI PIBHOMIPHOTO HArpiBaHHs i MPUHHATTI BiJMOBIMHUX KOHCTPYKTHBHHX 3aXOMiB
(koMmeHcyro4i 3a30pH, (hJIaHIi i T. IL.).

AyCTEHITHI XpOMOHIKEJIeBI CTaJli MAIOTh PsAJT 0COOIMBOCTEH, 00YMOBIICHHUX IX CTPYKTYPOIO:

1) HEeMarHiTHICTB;

2) HeCIPUUHATINBICTD A0 3arapTyBaHHS;

3) miABUIIIECHY KAPOMIIIHICTh;

4) mpekpacHy 3BaprOBaHICTb.

HecnpuiiHATINBICTE 10 3arapTyBaHHS PO3yMIIOTh y TiM CMHCII, III0 XPOMOHIKEJEBi cTali, Ha
NPOTHBAry BYIJICLIEBUM 1 HU3bKOJIETOBAaHUM, HE TaPTYIOThCS B 3aralIbHONPUHHITOMY 3HAYEHHI I[LOTO
CJIOBa, TOOTO MPU MIBUAKOMY OXOJIOJDKEHHI 3 BUCOKHAM TeMIIEpaTyp He 37100yBalOTh BHCOKIii TBepIoC-
Ti 1 MILIHOCTI.

MilHeBi XapaKTepUCTHKH XPOMOHIKENIEBUX CTallell MOKHA 30UTBIITUTH HAKJIETIOM (XOJIOTHOO
MIPOKATKOI0, BOJIOYIHHSM, IITAMITYBaHHSM Y XOJOJHOMY CTaHi); IPU [bOMY MeXa MIIlHOCTI MOXe Oy-
T 30inpmenwii 7o 1200 MIla ans nucta gum crpiuku i 1800-2600 MIla ans gpory.

OnHOYacCHO TPOXHM 3MEHINYIOTHCS IUIACTHYHI BJIACTUBOCTI: IOAOBXKEHHS 3MEHIIYETHCS 10
15-8 %. Onnak xonoaHozeGopMOBaHa XPOMOHIKEICBA ayCTEHITHA CTalb 30epirae JAOCTaTHIN 3amac
TUTACTHYHOCTI, IO JTO3BOJISIE IPH BUTOTOBIICHHI poOMTH THOKY, PO LTIOBAaHHS 1 IITAMITYyBaHHS JeTa-
neii. 3'eTHAHHS YAaCTHH 3 YCHIXOM IIPOBOJMUTHCS €JIEKTPO3BAPIOBAHHSIM ONOpoM [9].

V 3anexHOCTi BiA cniBBigHOMmEHHS XpoMy 1 Hikemto ctanb 12X18H10T moxke matu npu Ha-
rpiBaHHI Iiji Taps4y IUIACTHYHY JAedopMarliio 4M 3arapTyBaHHs abo ayCTeHiTHY, a00 ayCTeHiTo-
¢deputHy cTpykTypy. KpiM BMICTYy OCHOBHHUX JIETYIOUHX €JIEMEHTIB, HEOOX1IHO BPaXOBYBAaTH B CTali
NPUCYTHICTh TaKMX €JIEMEHTIB, SIK KPEMHIiH, TUTaH, aJIOMiHiH, 5IKi e(EeKTUBHO CIIPHUAIOTH YTBOPEHHIO
d-depury.

YTBOpeHHS O-(pepuTy B CTANSAX 3HUKYE TEXHOJOTIYHICTD MPU Trapsdiil iacTuyHii aedopma-
uii. [Ipu narpiBanni B iHTepBani 1150—-1200 °C i HecipUATIAMBOMY CITiBBiTHOIIEHHI epUTOYTBOPIO-
I0YMX 1 ayCTeHITOYTBOPIOOUNX ejeMeHTiB ctanb 12X18H10 moxke mictutu g0 20-25 % o-hepury.
Kpim Ha3BaHWX CKIIAIOBHX, CTAIIb MICTUTh MIEPBUHHI KapOOHITPUIN THUTAHA, KUTBKICTh SKUX 3QJIC)KHUTh
BiJl BMICTY B cTaji ByrJemto i asoty. [Ipu BucokoremnepaTypHOMy HarpiBaHHI KapOOHITpUIM THUTaHA
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MarOTh TEHJCHITIIO 10 pO3YuMHEHH, aje HaBiTh mpu 1300 °C yacTuHa IXHINA 3aTUITIAE€THCS HEPOIUMHE-
HOIO.

[Ipu narpiBanHi ctanu B inTepBaii 500—800 °C BinOyBaeThcs BUIUICHHS KapOiiB.

[Ipu narpiBansi cranu B inTepBani 500—600 °C ocHOBHOO (a3010, MO BUAIIAETHCS, € KapOia
Cry3Cs. IIpu 700 °C crnocTepiraeTbcs OJHOYACHE BHIAJaHHS KapOiTiB XpoMmy i KapOilliB THUTaHA.
ITpu 800 °C ocHOBHOMWO (ha3oro € KapOiau TUTaHA.

Cra6inizauis cram 12X18H10T 3HauHO 3MEHIIyE CXWIIBHICTH 0 MIKKPHUCTANITHOI KOPO3ii.
IIpu Temmeparypax MiHiManbHOI cTiiikocTi (= 650 °C) MIKKpHUCTaIITHA KOPO3is HE BUHUKA€ HABITh
TICTIST BUTPUMKH TIpoTsroMm 20 4.

Jluctu i TpyOum craneit 08X 18HI10T u 12X18H10T micyis X0a0HOT MPOKATKH Y¥ BOJOYIHHS
MiIal0Th peKpHCTami3aiifHoMy Binnary. XoJoqHoaeOpMOBaHAN ayCTEHIT 3HEMIIIOEThCS TOAIO0HO
¢epury. Jleska BiAMIHHICTB TOJISATAE B TiM, IO B MEPIIOMY BHITAJKy POJIb MOJITOHI3AI] qyXKe He3Ha-
YyHa. AYCTEHIT, 0 Ma€ Mally €Heprito NeeKTiB ylaKyBaHHS, 3HEMIIIHIOETHCS B OCHOBHOMY 3a paxy-
HOK TPOTiKaHHS MEpBUHHOI pekpucTtamizauii. [Ipy npoMy TBepAicTh i MILHICTD CTaIH 3HIKYIOTHCS,
TUTACTUYHICTD 301bIIy€eThCs. Y mpormeci Bignamy takoi cram sk 08X12H10T, npu 30iabmeHHi 9acy
BUTPUMKH 10 25 r i Oinbm B iHTepBati temreparyp 400—450 °C crmoctepiraeTbcsi aHOMaNbHE ITiBHU-
IICHHS TBEPJIOCTI, JI0 3HAYCHb, 10 BiJIMOBIIal0Th TBEPOCTI MAPTECHCHUTY.

JiicHo, SIKIO B mporieci XonoaHoi Aedopmariii He BCTUTIIO MMPOUTH, ad0 TUTFKH MTOYAIOCs Ma-
PTEHCHUTHE TEPETBOPEHHS, BOHO MOxumBe Tipu TemnepaTtypax 400450 °C. IloTiMm mpu momagbIiomMy
MiIBUIICHHI TeMIEpaTypu CIIOCTEPIraeThCs 3BOPOTHE 0.—>y MEPETBOPEHHSI, MICIsl YOTO PO3BUBAETHCS
pEKpHUCTai3allist ayCTEHITY.

Poamip 3epen meBHOTO Oana AOCSATAEThCS B PE3yNbTaTi Mig00pa Yacy BUTPUMKH. SIK y Kpeme-
HUCTOMY (DepHTi, Y XOJIOJHOKaTAHOMY ayCTEHITi 30ipHa peKpHcTai3allisi TalbMYy€eThCs, 10 MOSICHIO-
€THCSI MAJIOIO PYXJIMBICTIO TPaHUIb MiCiIsl IEPBUHHOI peKpHCTalli3allil BHACTIIOK TEKCTYPHU PEKPUCTa-
mizalii i HasIBHOCTI Ha TPaHUIIX TUCTIEPCHUX YacTOK BUAUIEHb. Ha 1ipboMy eTarmi rpaHwmili 3epeH BHpi-
BHIOIOTECS, y Pe3yJbTaTi YOro 3MEHIIYETHCS IXHS CyMapHa JOBKHHA. 3epHA POCTYTh Ha CTasil BTO-
puHHOI pexpucTamizanii. Crioyatky 3’SBISIOTBCSI OKpPEMi BENHKI 3epHa, OTOUYCHI JPiOHO3EPHUCTOIO
cTpykTyporo. IlotiM nmpiOHI 3epHa MOTITMHAIOTHCS BEIUKUMH B TIpolieci Mirpaiiii 3epeH. Oco0IuBicTIO
BTOPWHHOI peKpUCTaNi3alii ayCTeHITy € pO3MICTICHHS TPAHUIlh 3ePeH.

VY mpolieci BUBUEHHS PO3BHTKY peKpHCTaiizallii crajied aycreHitHoro kmacy 12X18HI10T,
12X18HI12T i iH. cmocTepiraeThesi MOBTOPHE MOJPIOHEHHS 3€pEH, 10 MPOXOIUTH MICIIsl 3aBepIICHHS
TIEPBUHHOT 1 BTOPUHHOI peKpHUCTaNIi3allii i He 3B’s3aHe 3 JOAATKOBOIO JehopMalliero — Apyra peKpuc-
tamizanis. ButpuMka crani npu Bucokux temmeparypax 1150—1200 °C npotsirom 4—6 T IPUBOAUTH JI0
YTBOpEHHsI B Ipy003epHUCTIN CTPYKTYpi HOBUX JPIOHUX 3€pEeH, IO 3 SBIISIOTHCS CIOYATKy B MOTPIii-
HHUX CTHKaX 3€peH, a MOTIM IOCTYIIOBO OXOIUTIOIOTE 00’ €M OKpEeMHX 3epeH 1 BChoro 3paska. [pu 30i-
JBIICHH]I Yacy BUTPUMKH HOBIi JpiOHI 3epHA POCTYTh JJO BU3ZHAYEHOTO PO3MIpY, MOTIM 3piOHIOBaHHS
3epHa MOBTOprOEThCs. CepenHill po3Mip 3epeH MPOTArOM  Bigmaly MOCTIHHO 3MiHIOEThes. [Iporec
3IpiOHIOBaHHS 3€peH HOCUTh NUKIIYHHNA XapakTep. [HTepBanm MiK IUKIAMH 1 IXHBOIO TPHUBAJICTIO
3aj1eXkath BiJ XiMigHOTO CKiaxy craii. [10]

Mexaniuni BiactuBocti ctaneit 12X18H10T u 08X 12H10T npu 20 °C HaBeneHi B a0, 2.

Tabmuns 2 — Mexaniuni BnactuBocti craneit 12X18HI0T u 08X12H10T mpu 20 °C 3a
I'OCT 7350-77

Mapka crani [Tonydabpukar o5, MIla Go,2, MI1a
08X18H10T Jluct 509 206
12X18H10T TOBCTHI 530 216(230)

MexaHi4yHI BJIACTUBOCTI B 3aJIEKHOCTI BiJ] CTyIeHs miacTu4Hol aedopmartii cram 12X18H10T
HaBeJieHi B Taou. 3.

Crane 08X12HI10T 3a cTpyKTypoOIO, TEXHOJOTTYHUM BIACTHBOCTSM, CIYKOOBUM 1 (Pi3UYHUM
xapaktepucTukam Onmu3bka no cram 12X18H10T Bix 3a3HadeHoi Mapkyu BOHA TPOXH BiPIZHAETHCS
KpaIo CTIHKICTIO 3BapHUX 3’ €JHAHb IPOTH HOXKOBOT 1 MIXKKPUCTATITHOT KOPO3ii.
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Crami 12X18H10T n 08X12H10T maroTh HOCHTH BHCOKY apocTikkicTs mpu 600—-800 °C.
Busuenns >xapoMinmHux BractuBocTeil craneit Tumy 12X18H10T mo3Bonmio ycTaHOBHUTH, IO Kapo-
MIIHICTH 1 TUIACTHUYHICTh CHJIBHO 3aJieXaTh Bij BeauunHU 3epHa. [Ipu 650 °C u Buie Halikpaina xa-
POCTIHMKICTD CHIOCTEPITa€ThCsl MPU BEIMKOMY 3€pHI, IO 3a0€3MeUy€eThCs 3arapTyBaHHsAM 3 TEMIIEpaTyp
1040-1100 °C. ITpu 6inbi HU3BKUX POOOYUX TEMITEPATYPaX PEKOMEHIYETHCS 3aCTOCOBYBATH JAPiOHO-
3epHUCTHI Matepiai [6].

Haiikpare crionydenss BinactuBocteit ctanb Tuiry 12X 18H10T onepxye micis 3arapTyBaHHS
Ha TBEpAMH PO3UMH 10 HIDKHIN Mexi Temmeparyp 1040 °C.

KapomittHi BIaCTHBOCTI Majlo 3ajiekaTh BiJ BiIHOIIEHHS TUTaHA JO BYTJICIIO B CTaji, aje
MaroThcs BKa3iBKH, O cTanb 3 BigHomeHHsaM Ti : C = 3,8 moka3sye OibIly KapOMIiLHICTh, YUM CTallb
3 BigHomenasM T1: C=5,319,4.

Tabmuns 3 — MexaHiuHi BIaCTUBOCTI B 3aJI€KHOCTI BiJl CTYIEHS IJIACTHYHOI MedopMariii cra-
i 12X18H10T

Crymiap 00THCKY trocn, °C os, MIla 002, MIla
0 20 660 290
30 20 950 900
60 - 20 1330 1200
60 -70 1450 1390
60 - 196 1770 1530
60 - 253 1880 1530
70 20 1750 1150

Opnax, skmo cranb 12X18H10T mig yac poOoTH mpu BUCOKUX TEMITEpaTypax 9d MPU 0XOJIO-
JOKSHHI MIIA€THCS BIUTUBY arpeCUBHUX CEPEIOBUIN, HEOOXITHO MaTH OITBIN BUCOKE BiJHOIICHHS TH-
TaHa JI0 BYTJIELIO.

Crioctepiraerscsi MeHIIIa sxapoMinHicTs ctamu 12X18H10 i3 mpucagkamMu TuTaHa B 3pa3Kax 3
JpiOHO3EPHUCTOI0 CTPYKTYPOIO i Y TUX BHUIIAJIKaX, KOJIU B MPOIECi BUIPOOYBaHb B CTAISIX YTBOPHUTH-
cs1 0-(haza uu BifgOyBaeThes BuieHHs hepuTy. [TiBUIIEHHS BMICTY allfOMiHIO, SIK TPaBUJIO, HE KOHT-
POJIBOBAHOTO XIMIYHMM aHANII30M, MOXe OyTH MPUYUHOIO IMiJABHUIICHHS CXHJIBHOCTI CTalIH JI0 yTBO-
peHHst d-¢ha3u 1 MOTIPIIEHHIO KapOMIITHOCTI, AKIIO NpH i BUILIABIII HE MPOBOIWIOCH padiHyBaHHS
6opom.

JKapominHi BIACTHBOCTI IUX CTajel y CHILHOMY CTYICHI 3ajJeaTh BiJi TEXHOJOTI] BHUILIaB-
JISHHSI CTaJi, HASBHOCTI IIKiJTUBUX JOMIIIOK i yMOB Tapsi0i 00poOKH.

VY pobori [1] BUBUEHMIA BIUIMB BETUYMHH 3€pHA Ha TPUBAILY MILHICTb, 1 MJIACTUYHICTD CTAIH
12X18H10T npu pi3HOMY BMICTi THTaHa JI0 BYTJICIIO. Y CTAHOBJICHO, IO 3i 301BIICHHSM HAUTHILKY
THUTaHa CTOCOBHO BYTJICIIO IMOHA/I YOTHPHOX Pa3iB 30UIBIIYETHCS HETATUBHUI BIUIMB BEJIMYMHH 3epHA
Ha TUIACTHYHICTh, SIKA BH3HAYAETHCS TPH TPHBAIMX BHIPOOYBAaHHAX HA >KapOMIlHicTh. [Ipu BimHO-
mienHi Ti : C OubIn 5—6 KpaTHOTO HAJJIMIIIKOBHI TUTAH BUAUISAETHCS 110 TPAHUIISLX 3epEH Y BUJII 1HTe-
PMETaNiTHOTO 3’ €IHAHHS.

Crami 12X18H10T un 08X12H10T maroTh 100py TEXHOJOTIYHICTH IpH rapsviil miacTU4HIA
nedopmanii. OnHak npu rapsyiil oOpoOui cranell HEOOXiTHO ypaxoBYBaTW KOHKPETHMH XiMiuHHMN
CKJIaJ| IaHOI TUIABKU, Malo4H y BHJI BMIcT O-peputy. OcoOnuBi 3amo0ikHI 3aX0/I1 BapTO NpUHMATH
npu aedopmanii nuroro metany. 11106 yHUKHYTH YTBOpPEHHS HETIONIPaBHUX JIe(EKTIB — PBAHUH, PEKO-
MeHytoThes 3nmuTKy craneit 12X 18H10T 1 08X 12H10T npu Bmicti 20 % d-depury i 6inbin HarpiBatu
He Buie 1240-1250 °C, mpu Bmicti 16-19 % — "e pumie 1255 °C i nmpu BmicTi 10 16 % — mo 1270 °C.
TemnepaTypHuii iHTEpBa 00poOKKU THCKOM AedopmoBaHoro merany ckiagae 1180-850 °C. Illeun-
KiCTh HarpiBaHHA ¥ OXOJIOJDKEHHS HE JIIMITYEThCSI.

VY xonogHOMY CTaHi 0OM/BI CTaJIi IOIMYCKAaIOTh BUCOKI CTYIEHI IJIaCTUYHOI Aedopmarrii.

[Mpu Bukopucranni crameit 12X18H10T i 08X12H10T sik kopo3ifHOCTIHKKMX MaTepiaiiB y
KPHOTeHHiH TexHiui oduasa matepianu raptyiots 3 1000-1070 °C y Boai un Ha moBiTpi. s 3HATTS
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HaIpY>KEHb 1 MOJTINIICHHS CTIKOCTI 3BapeHnX 3’ €IHaHb, KPIM 3arapTyBaHHs, 3BapHI KOHCTPYKITIi ITiI-
JAIOTh cTadimizytouomy Biamaxy mpu 600-800 °C.

Pe3ynabTaTu pociigxkeHb Ta ix 00roBopeHHst

Hns craneir 08X18H10T u 12X18HI0T 6yno mpoBeneHe 3arapTyBaHHS BiJi TeMIIEpaTypH
1050 °C, wac BUICPXKH 5 XBWIMH. 3pa3Kd OXOJOKyBanucs y Bogi. [lotiM 3pasku Oynu BiamaneHi
Bix Temmeparyp 600, 700, 800 °C 3 wacom Bunepxkku S 4, 10 4, 15 9 i 0X0IIOMKEHHSIM Ha TOBITPi.

Ha dotorpadisax HaBeneHi MiKpOCTPYKTYpPH 3pa3KiB Y BUXITHOMY CTaHi — 1€ CTPYKTypa IiCIIs
saraptyBanss. [Ipu posrmsiai craneit 08X18HI0T 1 12X18H10T y Buxignomy ctasi (puc. 1) cmocre-
piraeTscst TEKCTYPOBaHICTh CTPYKTYpH. Lle OsSCHIOETRCS THM, IO TeMIlepaTypa HarpiBaHHS i 3ara-
pTyBaHHs Oyma oOpaHa IO HIDKHIHM TpaHHMIll, a 9ac BHIEPKKH, OUYEBUIAHO, OyB HEOCTATHIN IS yCy-
HEeHHs AehopManifHOTO BIUTUBY Ha CTPYKTYPY ayCTCHITY.
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Puc. 1. MikpocTpyKTypa cTaji y BUXiZHOMY cTaHi (micist 3arapTyBaHHs), X 500
a-08X18HI10T; 6 - 12X18H10T

[Ipu posrasai HacTymHUX (doTorpadiii MIKPOCTPYKTYPH, BHIHO, IO HEBEIHKA TEKCTYpOBa-
HICTP 30epiraeThCst MpH Beix TemmepaTtypax Bianary. Crans 08X 18H10T cxunbHa 1o pexpucrarmizanmii
31 30epeKEeHHSIM HEBEIIMKOI KiJTbKOCTI ABIMHUKIB Ha BimMiny Bix ctami 12X18H10T).

HasBHicTh WacTOK NIpyroi ¢a3u B HEBENHKiM KUIBKOCTI CIIOCTEpITaeThCs B CTPYKTYpi cTami
08X18HI10T TisibKH micCiisE MAaKCUMAJIbHOT TEMIIEPATypH HarpiBaHHs (puc. 2).

AHarnoriyHo 3MiHIO€eTbca cTpykTypa st ctami 12X18H10T ane sxmio 3ictaButH ii 3 MiKpo-
CTPYKTYPOIO HH3BKOBYIJIEIIEBOI CTalli, BUJHO, IO B CTai 3 ITJBHIIEHUM BMICTOM BYTJICIIO YacTOK
JIpyroi (ha3u CrocTepiraeThCs 3HaUHO OLJIbIlE 1 BOHM MalOTh MPAaBHJIbLHE OrpaHIOBaHHSA. Bucoki Temrie-
patypH BiInany i BeJIMKa HOro TPUBAIICT MPU3BOJIATH 10 MPOTIKAHHS MPOIECIB MEPBHHHOI PEKPHC-
Taji3amii, mo XapaKTepU3yEThCsl YTBOPEHHSIM TEKCTYpH pPEKpHUCTali3allii i HasSBHICTIO Ha TPaHUIIIX
JMCIEPCHUX YaCTOK BHUJIUICHD, II0 MOXKYTh BHSBIIATHCS ONTHYHAM MiKpockoroM [6].Takum uuHOM, Yy
cransx 08X 18H10T i 12X18H10T mpu Bcix TemrmepaTypax HarpiBaHHS i BUIEPKKH CTPYKTYypa SIBIISIE
co00F0 JIETOBAaHMI ayCTEHIT, 3epHa SKOTO MalOTh HEPABICHY OpieHTOBaHY (OPMY 1 MICTATh HEBEIUKY
KUIBKICTh JBIMHUKIB. MeTanorpagidHo BUsBICHA HassBHICTb YacTOK Ipyroi (asu, siky MOXKHa BBaXKaTH
kapOifaMu TUTaHa 1 Xpomy (IMB. puc. 2).
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Puc. 2. MikpocTpykTypa cTamni mcis Bigmany, tsx = 800 °C, Twyn = 15 1, X 500
a-08X18HIOT; 6 - 12X18HI10T

VY pesynbrati TepMmiuaoi 00poOku craneit 08X18H10T 1 12X18H10T cnocrepiraerscst po3xo-
JOKCHHS B 1XHIX BIACTUBOCTAX. /|1 MOpIBHAHHS MIITHEBUX BIACTUBOCTEW Oymm moOymoBaHi rpadiku
3MIHU TBEPJOCTI B 3aJIXKHOCTI Bifl 4acy BUACPKKU. BuMmiproanHs TBepaocTi mo mkani B Ha npumani
PoxBenna npoBoauiiocs Ha 3pa3kax, OUMIICHUX BiJl OKAJIWHM, IICJIs 3arapTyBaHHs 1 Micis BigmaiiB
TIpH 3MiHI 4acy BUAEpKKH Bix 0 10 15 T yepes KoxkHi 5 TOIUH.

Crans 08X18H10T, six BuaHO 3 TpadikiB, IpeAcTaBIeHUX Ha pUC. 3, 4 MPAKTUYHO HE 3MIHIOE
TBEPJICTh TPH BCiX TeMIlepaTypax i BUTPUMKaX, TOOTO HE 3MII[HIOETHCSI BHACIIIOK MPOIECIB CTapiH-
HSL.

ITpu camomy HEU3bKOTEMIEpaTypHoMy Biamam (600 °C) cnocrepiraerbest HesHaune (4-5 %)
miABHIICHHS TBepAocTi. bimbin Bucoki Temmnepatypu HarpiBanss (700 i 800 °C) npu3BoIsTh 10 HEBe-
JIUKOTO 3HEMIITHEHHS CTaJli, MOXKIIMBO 32 PaXyHOK PEKPUCTANI3AIHAX MPOIIECiB.

Cranp 12X18HI0T mpu Bcix TemmepaTypax Ma€ MiKA AUCIEPCIHHOTO TBEPHIHHS, MPUIOMY
YUM BUILE TEeMIepaTypa HarpiBaHHs, TUM LIBHUIIIE 15l CTANIb AOCSTAE CBOTO MAaKCUMAaJIbHOTO 3HAYCHHS
TBEPJOCTI 1 TeM IIBWALIC BiIOYBAE€ThCs 3HEMIIIHEHHs (TepecTapioBaHHs). Temmeparypa Bigmaiy
tein = 600 °C nae mik gucnepciiHoro TBepAiHHS B npoMixky 10—15 romun uyacy Buzpepxku. I[Ipupo-
IICHHS TBEPJIOCTI IPHU 1IbOMY CKJIaaae ~ 1/3 Bij BUXIAHOT BeJIMYMHK. Y MOPIBHSHHI 3 BUXITHUM CTa-
HOM Bianan npH tuiy = 700 °C ¥ Tuuy = 10 romun 301bIIye TBEPAICTH cTalli Makixe Ha 30 %, a moxaib-
1I€ 3POCTAaHHs Yacy BUACPKKU MPHU3BEIE O 3HEMILHEHHS 1 TBEPAICTh Majae 10 MaiKe IM04aTKOBOIO
piBHSL

[Ipu tsi; = 800 °C cranp Mae caMy BUCOKY TBEPAICTh MICHs I'SITH TOAWH BUACPKKH, OTHAK NIPU
it TemriepaTypi eekT crapiHHS HEBEIHKHIA (30UTBIIEHHS TBEPAOCTI ckiaaae ~ 15 %), MOXIHMBO de-
pe3 MWBHUAKY KOAryJisililo0 YacTOK, Xo4ya MeTajorpadiuHo Ie Cl1aOKO BUSIBIAETHCSA, TAKOXK MOXKIIUBE
NPOTiKaHHS MPOIeCy PO3YMHEHHS MEPBUHHUX KapOOHITPHUJIIB THTaHA, OJHAK 3/IaTHICTh IXHIH 0 Po3-
YUHEHHSI [IPH 1[Il TeMIIepaTypi He Iy’Ke BeINKa.

TakuMm unHOM, Ha Tpadikax (nuB. puc. 3, 4) ans crami 12X18H10T crioctepirarotbes miku Tu-
CIIEPCIHHOTO TBEPIiHHS, M0 3MIHIOIOTH CBOIO BEJIMYHHY 1 MOJIOKEHHS B 3AJIEXKHOCTI BiJ] TEMIIEpaTypH
BiJIIaly.

V nitepaTypi [6] BKazyeThCsl, IO pW HarpiBaHHI XpOMOHIKEIEBUX CTaJllel 3 0OaBKaMH TUTa-
Ha B iHTepBani Temmeparyp 500-600 °C ocHoBHOW0 (azor, mo Buainserscs, € kapOigu Cr23Ce.
Ipu tsiz = 700 °C cmocrepiraeThCs OIHOYACHE BHIAJAHHS KapOiIiB XpoMy 1 THUTaHa.
Ipu ts; = 800 °C — ocHOBHOIO (a30r0 € KapOiau TUTAHA.

Taxum unHOM, i3 rpadikiB BUIHO, mo ctans 12X18HI10T B mponeci Tepmiunoi 00poOku 3Ha-
YHO 3MIIHIOEThCSI, ToAL K Juist ctam 08X 18H10T takoro edekTy He criocTepiraerbes. Y 3arapToBaHii
crami 12X18HI0T B xo01i mOJaNbLIOr0 HArpiBaHHS MPH BiAmaai BiAOyBarOTHCS MPOLECH CTAPiHHS.
Cranp 08X18H10T He cxuibHa 10 JUCTIEPCIHHOTO TBEPIiHHSL.
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Jlms GaraThOX CTayiel 1 CIUIaBiB IPOIEC CTapiHHSA BIUIMBAE HA CTPYKTYPY 1 BIIACTHUBOCTI.
IIporec cTapiHHSI OTOTOKHIOETHCS 31 3HAYHHUM 301IBIICHHSIM TBEPIOCTI 1 MIITHOCTI, a 3HAYHTH 3 OTHO-
YaCHUM 301TBIIEHHSIM KPUXKOCTI 1 3MEHIIICHHSIM TUIACTHYHOCTI.

VY namomy Bumnazaky, Ha crani 08X18H10T 1 12X18H10T mpouec crapiHHs BIJIMBae HETAaTHB-
HO, TOMY IIIO B XOJIi TIPOIIECY CTapiHHS BiAOYBAE€TbCA PO3MA]] TBEPOTO PO3UMHY (JETOBAHOTO ayCTeHi-
Ty) ¥ yTBOpeHHs Apyroi (a3u (kapOifiB), TOOTO CTPYKTYpa CIIJIaBy CTA€ HEOJHOPITHOO. A IS cTanel
JAHOTO KJIaCy BaXKJIMBOIO BHUMOTOIO € HASBHICTb OXHOPiIHOCTI CTpykTypH. [losiBa kap6iniB 3 oaHiel
CTOPOHU 3MIIHIOE CTallb, ajle 3 IHIIOr0 OOKY — 3MEHIIYE i1 3MaTHICTh MPOTUCTOATH KOPO3IHHOMY PYyHi-
HYBaHHIO.

Y Metani 3 HEOJHOPIAHOK CTPYKTYPOK TOPSI 3 MICIICBOIO (JIOKAJIBHOK) KOPO3i€0 MOXKE
CrocTepiraTucss MKKPUCTATITHA KOPO3id, IO MOIIHUPIOETHCA IO TPAHUIIX 3€PEH YHACHTIIOK OUTBII
HU3BKOTO IXHBOTO €JIEKTPOXIMIYHOTO MOTEHITIATY.

100 100
HRB
HRB 4
; 80 ; 80
¢ ¢
2 g \
= ~
70 70
a0 60
0 5 . 15 0 5 r 15

T — T —_—

a 0
m — ctans 08X 12H10T, ¢ — ctans 12X18H10T
Puc. 3. 3mina tBepaocTi craieit 08X 18H10T 1 12X18H10T
a - micng Bignany, tyi, = 600 °C; 6 - micis Bianany, ts, = 700 °C
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m — cranb 08X12H10T, ¢ — crans 12X18H10T
Puc. 4. 3mina TBepaocti craneit 08X18H10T 1 12X18H10T
micist Bianany, twix = 800 °C

TakuM 4rHOM, MO’KHA 3pOOUTH BHCHOBOK, 110 cTanb 12X 18H10T, mo BusiBiIsie CXUIBHICTD 10
cTapinns, Oyne MaTH OUTbII HHU3BKY KOpO3iiHY CTIHMKICTh y mopiBHsSHHI 31 crammo 08X18HI10T.
[TixBuIieHN# BMICT BYTJICIIO HETATUBHO MTO3HAYAETHCS HAa BIACTUBOCTSIX HEPKaBIIOUMX CTaleH i 3HU-
KY€ TXHIO CTIHKICTh MPOTH OKUCITIOBAHHS.

BucHoBku

[IpoananizyBaBIIM OTPUMaHi €KCIIEPUMEHTAIbHI PE3YJIbTaTH AOCIHIIKCHHS BIUIMBY IapaMeT-
piB Bignany Ha cTpykTypy i BractuBocti craneit 08X12H10T u 12X18H10T, moxxHa 3po0uTH ciiny-
1041 BUCHOBKH:

1. Ilpouec cTapiHHA HEraTUBHO BIUIMBA€E Ha BJIACTHUBOCTI HEep)KaBiloUMX cTaiieil. Y mporeci
tepmiuHoi 00poOku cramp 12X18HI10T, na Bimminy Bin ctami 08X18H10T, BusBnse 3aaTHICTH A0
HITYYHOTO CTAPiHHS, THM CAMHM 3HIKYIOUH CBOT KOPO3iliHi BIACTHBOCTI.

2. 30inbLICHHS! KOHLEHTpPALil BYIJICLIO0 B HEPXKABIIOUMX CTaNSIX 3HMKYE IX 34aTHICTb NPOTHU-
CTOATH KOPO3iHHOMY pyHHYBaHHIO.

3. 30inbIIeHHST TEeMIIEpaTypH BiJaly MPUCKOPIOE MPOIEC 3MIITHEHHS XPOMOHIKEIEeBUX CTa-
JIei, aJie MPUPOIIEHHS TBEPJOCTI MIPH I[bOMY 3MEHIITYETHCS.

PesynpTatu mocmimkeHb MOXYTh OyTH BUKOPHCTaHiI Ha BUPOOHMLTBI Ta Y HAYKOBO-IOCIAHUX
poboTax.

Jliteparypa
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VYIK 669.245

JTOCJIIIKEHHA CTPYKTYPU TA BJIACTUBOCTEM KAPOMIITHOI'O
HIKEJIEBOI'O CILTABY ITPU MOJAU®IKYBAHHI*

Hop M.P., cryaenT, IHinpoBcbKuUii HanioHaabHUI yHiBepcuTeT iM. O. I'onuapa

Anomauin. Mamepianom docniddcennsi obpano scapomiynuil xixeneeuu cnias KC6, sxuil suxopuc-
mogyomy 0Jis JONAMOK 2a30mypoOiHHo20 08ucyHa. [l NOKpaujeHHs MexauivHux @nacmugocmell 3a-
NPONOHOBAHO MOOUPIKyeanus oucnepcrum moougikamopom ZrC 3 pozmipom uacmox 50 um. B mo-
Oughikosanux 3pazxkax cniagy 00CAHYMO CMAOIIbHO OUCHEPCHA MIKPOCIPYKMYpd mMd 8UCOKULL KOM-
NIEeKC MEeXAHIYHUX 61ACMUBOCTEI.

Knrouoei cnosa: Kapomiynui cnnas, MoOUQixy8auHs, HAHOOUCNEPCHUL MOOUDIKamop, MexaHiuHi
81ACMUBOCMI.

INVESTIGATION OF THE STRUCTURE AND PROPERTIES OF A HEAT-
RESISTANT NICKEL ALLOY DURING MODIFICATION

Nor M.R. student, Oles Honchar Dnipro National University

Abstract. Heat-resistant ZhS6 nickel alloy, which is used for gas turbine engine blades, was chosen as
the research material. To improve the mechanical properties, modification with a dispersed ZrC modi-
fier with a particle size of 50 nm is proposed. A stably dispersed microstructure and a high complex of
mechanical properties were achieved in the modified alloy samples.

Key words: Heat-resistant alloy, modification, nanodisperse modifier, mechanical properties.

Beryn

Jiis nonaTok ra3oTypOiHHUX JBUTYHIB BUKOPHUCTOBYIOTh BUCOKOJIETOBAHI KapOMIITHI HiKelleBi
cruaBy tamy JKC. Jls nux cruiaBiB HaZarOThCS BUMOTH ILOJIO CTAaOUIBHOI CTPYKTYpU Ta BHUCOKOTO
KOMIUIEKCY MEXaHIYHHUX BJIACTUBOCTEH MPHU eKCIUTyaTallii.

Mertoto naHoi poOOTH € BHBYECHHS OCOOJIMBOCTI CTPYKTYPU Ta BIIACTHBOCTEH >KapOMIIIHOTO
cruiaBy JKC6, Moan(ikoBaHOTO HAHOKOMITO3HLIISIMH, JIONIATOK Ta30TypOIHHOTO ABUIYHA.

AHaJji3 myOaikamnii

JlocimKeHHIO CTPYKTYPH Ta BIACTHBOCTEH 0araTOKOMIIOHEHTHHX CILJIaBiB MPHUCBSIYEHI po0o-
1 [1 — 4]. ¥V HasBHUX po0OOTax HEAOCTATHHO YBArd MPHIIIEHO BUBYEHHIO CTPYKTYPH KAPOMIITHOTO
HIKEJIEBOTO CIUIaBY, MOAN(IKOBaHUI HAHOCIIONYKAMH 3 iX BIIACTUBOCTSIMHU.

Pe3yabTaTu AociigxkeHb Ta ix 00roBopeHHs

Monudikaropom obpano Hanoaucnepcauii ZrC 3 poamipom yactuHok MeHie 100 am. Kap6in
[IUPKOHIIO MPEJICTaBIge COO0I0 MOPOIIOK CIPOro KOJIbOPY Ta MA€ HACTYIHI OCHOBHI BJIACTHBOCTI: Te-
MIIEpaTypa MIaBIeHHs tuas. = 3530°C, ryctuna p = 6.73 /M3, mikporsepaicts 28,44 I'Tla, Moy
npysxHocTi 412 I'Tla. IIpoBeneHo po3paxyHOK cepeaHbOro po3Mipy dacTok moaudikatopa ZrC ta nu-
TOMOT noBepxHi. [TuToMa noBepxHs 1pu po3mipi yactok 50 Hm ckranana 8.91 m?/r. Momudikarop ZrC

4 HaykoBuii kepiBuuK pod., a.17.H. Kaninina H.€..
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Ma€e Taky X KpHCTalivHy penritky, a came ['T[K sk i HikeneBa OCHOBa CIUIABY, i EPioa KPUCTATITHOT
pemritku ctaHOBATH 0.4693 HM.

g BU3HAYCHHS BIUTMBY HAHOMOAM(DIKYBaHHS TOCTIKYBalU CTPYKTYypy ciuiaBy JKC6 y Bu-
xigHomy Ta MoaudikoBaHOMY cTaHax. MiKpOCTpyKTypa, HaBeleHa Ha pucC. 1a, CKIagaeThes 3 3epeH -
(a3 HenpaBHILHOI GopMH 3 OE3TIYYI0 BENUKUX BKIIOYECHB, [0 HETaTHBHO IMO3HAYAETHCS HA MIITHUX
XapaKTepUCTUKaX CIUIaBy. Y HeMOoJM(]iKOBaHMX 3pa3Kax MPUCYTHI BENHKI BKIIOYEHHS, PO3TAIIOBaHi
3a MeXaMH 3epeH. Y Moau]ikoBaHUX 3pa3Kax BKIIOYEHHS 3HA4YHO TucrepcHinn (puc. 10) i po3ramo-
BYIOTBCSI SIK TI0 MEXKaxX 3epeH, TaK i BHyTPIIIHbO3EPEHO.

a o

Puc. 1. Mikpoctpykrypa criaBy XKC6: a — Hemonudikosanoro, 6 — moaudikosasoro, x100

[Ipu BUBYEHHI MIKPOCTPYKTYpH MOJAM(IKOBAHOTO CIUIaBy OyJO BCTAHOBJICHO, IO BCi BKIIIO-
YEeHHS, IPUCYTHI B CIUIaBi, PIBHOMIPHO PO3MOALTIEHI 10 BChOMY 00'eMy 3pa3Ka, HE YTBOPIOIOUHU CKYTI-
YeHb 1 ITpyn. YTBOpEHHs KapOiniB Ta KapOOHITPHUIIB CIOCTEPIraeTbCcs B OCHOBHOMY BCEPEAMHI 3€pEH.
TakuM YMHOM, B pe3yibTaTi MOAU(DIKYBaHHS JOCSATHYTO MOAPIOHEHHS CTPYKTYPHHUX CKIIaJOBHX CILIa-
BY B 3 — 4 pasu.

VY momudikosanux 3paskax JKC6 nocsrHyTo 3HauHE MiABULICHHS XapaKTEPUCTUK MIITHOCTI, a
came op 30inbImIack Ha 8 — 9 %; 6o —Ha 10 — 13 %; & — Ha 19 — 21 %, npu BUCOKMX 3HAYCHHSX I10-
Ka3HHUKIB IUIACTUYHOCTI, IO TIOSICHIOETHCS. OTPUMAHHSIM CTa0UILHOI JIUCIIEPCHOI CTPYKTYpH B MOAH(DI-
KOBaHOMY CTaHi.

BucHoBku

B sikocti Mogudikaropa B3sTo kap6in nupkonis ZrC. OO0rpyHTOBaHO BUOiIp HaHOMOU(iKa-
TOpIB IS >KapoMinHOro HikeneBoro cruiaBy JKC6 — tyrormraBkoro ZrC 3 po3mipoM 4acTHHOK 50 HM.
Hocnimkeno mikpoctpykrypy ciutaBy XKC6 mo i micns moaudikysanusi. B moaudikoBaHoMy craHi
oTpuMaHO Y MOJM(]IKOBaHMX 3pa3Kax BKIIOUEHHs 3HAYHO AMCHEPCHIMI 1 PO3TAIIOBYIOTHCS SIK 110 Me-
JKax 3epeH, Tak 1 BHyTPIITHHO3EPEHO.

VY momudikoBanux 3paskax JKC6 nocsArHyTo 3HauHE MiABULICHHS XapaKTEPUCTUK MIIIHOCTI, a
came o 30uTbIIMBCS HA 8 — 9 %; 602 — Ha 10 — 13 %; 6 — Ha 19 — 21 %, npu BUCOKUX 3HAYEHHSIX TO-
Ka3HMKIB MJIACTUYHOCTI, 110 MOSICHIOETHCS OTPUMAHHSIM CTa01IbHOT AUCTIEPCHOT CTPYKTYPH B MO (}i-
KOBaHOMY CTaHi.

Jliteparypa
1. bompmaxo B.I., Kymoa B.3., KoroBa T.B. Hanomarepianu i HaHOTEXHOIOTIi. —

Huinponerposcbk: [1JJABA, 2016. — 220 c.
2. Kauinina H.€., Hukudopuun .M., Kaninin O.B. Ta in. CTpykTypa, BIacTUBOCTI Ta BHU-
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VJIK 669.018

AHAJII3 BITYU3HAHHUX MATEPIAJIB 151 HATLJIABJIEHHSA TA IX
TPUBOJIOI'TYHI XAPAKTEPUCTHUKH

Tpemo6au B.0.%, PhD, inskenep, [aymkosa J.B5.2, a.1.1., npog.,
Tpemo6au 1.0O. 3, acnipanT, inxenep
MNMpAT «HoBokpamaTopchbKuii MamMHoOyAiBHUIT 3aB01», M. KpamaTopchk
2X apKiBCbKHIi HAIOHAJILHUN ABTOMOOLILHO-10POKHIl yHiBepcHTeT, M. XapKiB
3llonGachbka aep:kaBHa MaIIMHOOYAiBHA akaaemisi, M. KpamaTopcebk

AOpa3uBHE 3HONTYBAaHHS € HAWBAXIIMBIIINM THIIOM 3HOIIYBaHHS, OCKIIBKA BOHO CTaHOBHTH
Maibke 63 % Burpar Ha 3HOUIYBaHHS [1-2]. Ll mpobnema ocoOirBO BakiMBa B TIpHUYIOAOOYIiBHIM
NPOMHCIOBOCTI [2-3]. MexaHi3M 3HOIIYBaHHS € CKJIaJHUM MOBEPXHEBHM IPOLIECOM, SKHH 3aJICKHUTh
BiJl 0araTb0X yMOB. BUTOTOBIEHHS AeTaieil, Mo MBHIKO 3HOIIYIOTHCS, 13 3HOCOCTIHKOTO CIIaBy €
HEJOIUIBPHAM 4epe3 BUCOKY BapTIiCTh 1 CKIAIHICTh MOJANBIIOI MEXaHI9HOT 00pOOKH. Y IIbOMY BUMAJI-
Ky OUTBIII €KOHOMIYHUM 1 TEXHOJIOTIYHUM € JIOKaJIbHE HaHECCHHS 3HOCOCTIMKOTO MOKPHUTTS. TexHo-
JIOT'is HATUIABJICHHS BBAKAETHCSI EKOHOMIYHUM CIIOCOOOM MOKPAILICHHS BIIACTHBOCTEH, TOMY IO € IIH-
POKHIA CIIEKTp HAINIABOYHUX MartepialiB. Cepen MeTo1iB HAaHECEeHHSI 3HOCOCTIMKOTO IIapy HarIaBJIeH-
HSIM HalO1IBIIOT0 MOIMMpPEHHs Ha0yJI0 py4He Ayrose 3BaptoBanHs (SMAW a6o MMAW) Ta Hamnag-
nenHs: nopomkosuMu npotamu (FCAW) [4, 5]. Illupokuii criekTp CruiaBiB IUIsl HAIJIABJICHHS, 3 Me-
TOIO 3aXHMCTY BiJ 3HOCY, KOMEPIIIHO MOCTYITHUN, TOMY BHOip HaWKpaIIOTo CIIaBy AJIsi KOHKPETHOTO
3aCTOCYBaHHS € JyKe BaKIMBUM. KOMITO3MIIISl HAIUTaBIEHOTO MeETally 3ajeKaTUMe BiJ CKIagy Ma-
Tepiany JUis HaIUIaBJICHHS, CIOCO0Y Ta TEXHOJOTI] HarulaBieHHs [6]. B TakoMy BHNaAKy moctae 3aB-
JaHHS TOMIYKY ONTHMAJBHOTO CHOCOOY HAIUIABJICHHS Ta IMOUIYKY PalliOHAIFHOTO Matepiaiy I
HarutaBneHHs [7, 8]. PexoMenaamii BUpOOHUKIB MaTepiaiiB /Ui HAIUIABICHHS 3a3BHYail AlOTh JIAIIIE
cloBecHy KBami(ikamito X MpoAyKIii Ta raimy3i 3aCTOCyBaHHs. TOMy aKkTyalbHUM € MMUTaHHS BUOOPY
3BapIOBAIHUX MaTepialiB y JaOOpaTOPHUX YMOBaX.

Merta po6oTH nonsAraiza B IPOBEICHHI OLIHKU MIKPOCTPYKTYPH, MEXaHIYHUX BIIACTUBOCTEH Ta
BUBYCHHI TPHOOJIOTIYHOI MOBEAIHKM 32 YMOB 3HOIIYBaHHS )KOPCTKO 3aKPIiTICHUM a0pa3uBOM Pi3HHX
3HOCOCTIMKHX MaTepialliB, a TAKOXK MOMIYK KOPEJSIii M’k MEXaHIYHIUMHU BIIACTHBOCTSIMU Ta iHTEHCHB-
HicTIO abpa3uBHOTO 3HOIIyBaHH: (I3).

HarnaBieHHs: BUKOHYBAJIM Y JIBa-TPH IIApH, B 3aJ€KHOCTI BiJl peKOMEHIaliii BUPOOHHKA, HA
IUTaCTHHAX i3 HU3bKOBYyTIIeneBol cram S 235 J2G2 EN 10025-2 (St3ps) posmipom 10x100x200 MM Ha
3BapIOBAILHOMY arapaTi 3 BUKOPUCTAHHSIM JDKEpelia )KUBIICHHS 3 )KOPCTKOIO BOJIBT-aMIICPHOIO Xapak-
TEPUCTUKOIO Ta ToriepenHiM HarpiBoM g0 250 © C. Ilicas ocamkeHHS 3BaprOBaHI 3pa3kd MOBUIBHO
OXOJIOJKYBAJIU B CYIIMIbHIM kKamepi 10 200 ° C. [lyns 10CiipKeHb BUKOPUCTOBYBAIM HACTYITHI MaTe-
piamu ans HamiaBieHHs: enektpoaun I-225X10I10C T'OCT 10051-75 (LIH-11), 3-320X23C2I'TP
I'OCT 10051-75 (T-620), 2-90X4I2C3P I'OCT 10051-75 (O3H-6), Ta nopomkosuii apit III1-Hm-
200X15CITPT (AH-125). IIpoBoauim XiMidHHIA aHaJi3 32 IOTIOMOTOK ONTHUKO-EMIiCII{HOTO CIIEKTPO-
metpy Spectrolab LAVFCO1A ta MikpocTpyKTypHi I0Ci/pKeHHs. BunpoOyBaHHs Ha aOpa3uBHY 3HO-
COCTIHWKICTh OPCTKO 3aKpIIUICHHM a0pa3rBOM MPOBOJATH HA MPHIALIi JJsl BUIPOOYBaHb 32 CXEMOKO
"mrrudr-muck” (pin-on-disk) 3 maBamTaxkemnsm 0,44 H/cm? Sk aGpasuBHHMIE MaTepial BHKOPHCTO-
BYBAaJIM €JIEKTPOKOPYHJIOBE MOJIOTHO. J[UCK 00epTaBcs eNeKTPOIBUTYHOM 31 IIBUIKICTIO 960 00/XB.

Crpykrypa metainy HII-11 siBiise co0or0 eBTeKTHKY Ta aycTeHiT. CTpyKTypa HAIUIaBJICHOIO
MeTally, BUKOHaHa ejekTponamMu T-620, ckinamaeTscs 3 KapOiHOI €BTEKTUKHA HAa OCHOBI O-TBEPJIOTO
PO3UYMHY Ta BEJHMKOI KUTBKOCTI NMepBUHHHX KapOiniB xpomy CrsC,. Hamnamienuit Meran xapakTepu-
3YEThCS IMiJIBUIIEHHOI KPUXKICTIO Ta CXHJIBHICTIO JI0 YTBOPEHHS TpimuH. CTPYKTypa HaIUIaBIEHOT'O
MeTaly, BUKoHaHa enektponamu O3H-6, sBisie co00r0 eBTEKTHKY 3 MEpIiTy Ta KapOiliB, a CKenleT 3
nepBuHHUX OopuiB FesB.
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JocimKeHHs MOKa3ajiy, 1o BHOIp 3BapIOBAJIbHOTO Marepialy € OiIbII 3HAYYIIUM I1apaMeT-
pOM, UMM TEXHOJIOTisA HarulaBieHHs. [loka3aHo, 10 Kpally KOpessiio MK iIHTeHCHBHICTIO abpa3uB-
HOro 3HomryBaHHs (I3) Ta MexaHIYHUMU BIIACTUBOCTSAMU T10KA3aJia TBEPICTb.

Crutas, HartaBieHuit enekrpogamu E-90X4I2C3P (O3H-6), € 6inblin JOMITBHEM 3 TOUKH 30-
Py MeXaHIYHHX BIIACTUBOCTEH Ta abpa3wBHOI 3HOCOCTIMKOCTI, TOAI AK 3 TOYKH 30py MPOAYKTHBHOCTI
MIPOIIECY HAIUIABJICHHS Ta a0pa3MBHOI 3HOCOCTIMKOCTI OiIbII JOIIIBHUM € BUKOPHCTAHHS TEXHOJOTI1
HarutaBieHHs nopoumkosum apotom [I1-Hn-200X15C1T'PT (AH-125).
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ENVIRONMENTAL COMPONENT OF THE PROBLEM OF INCREASING THE
DURABILITY OF PISTON RINGS®

Onikienko V., st. of gr. MC-31-20 KhNAHU

Abstract. The work is devoted to the actual problem: Increasing the durability of piston rings using a
modern method of surface treatment. Solving this problem with the help of traditional methods of
chemical and thermal treatment does not give stable industrial results, therefore, the development of
the technology of using modern methods and the methodology of their testing is an important urgent
task.

Keywords: piston, steel, durability, structure.

EKOJIOI'TYHA CKJIAZJOBA ITPOBJIEMH NIZIBUIHEHHA JOBI'OBIYHOCTI
INOPIIHEBUX KIVIEILb

Omnikienko B., cT. rp. MC-51-21, XHALY

Anomauia. Poboma npucesauena axmyanvriii npoonemi - nioUeHHr0 008208I4HOCMI NOPUIHEBUX
Kileyb CyyacHumu memooamu ob6pobxu nosepxwui. Bupiwenus yiei npobnemu 3a oonomozow mpa-
OUYIUHUX MemOOi8 XIMIKO-MepMIYHOI 00poOKU He 0ae cMAabIIbHUX NPOMUCIOBUX PE3VIbMAmie, momy
PO3pOOKA MEeXHON02i] BUKOPUCIAHHA CYYACHUX MemOo0i8 ma MemoouK ix anpobayii € 8axcaugum ax-
MYAnbHUM 3A80AHHSAM.

Kniouosi cnosa: nopuens, cmans, 006206iuHicmsb, cmpykmypa.

Introduction

The development of modern agricultural machinery presents ever-increasing requirements for
the performance characteristics of structural materials, the reduction of the metal content of parts, and
the increase of their efficiency and quality. In the complex of problems of increasing the reliability and
durability of machines, the issue of wear resistance of parts occupies a special place [1].

The research conducted in Ukraine and abroad in this area, as well as the positive results of
their use in industry in the manufacture and restoration of parts of the cylinder-piston group (CPG),
allow, at present, to widely implement these progressive methods .

Currently, one of the problems of mechanical engineering is increasing the wear resistance of
piston rings made of high-strength cast iron.

Coatings used in the practice of domestic and foreign mechanical engineering for piston rings
in some cases do not sufficiently meet the requirements for piston rings.

In this regard, the development of highly effective piston ring coatings is quite important and
relevant.

Relevance of development

Piston ring failure is observed in almost all types of engines [1]. Electrolytic chromium
coatings, widely used in the practice of domestic and foreign engineering, in a number of cases do not
meet the requirements for piston rings well enough. A porous layer of chromium with a thickness of
40-50 pm is activated in a few hundred hours, and then the solid base begins to activate. Electrolytic

® Po6oTa BUKOHAHA MiJ KepiBHUITBOM Ipodecopa I'mymxosoi J1.5.
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chromium does not work satisfactorily for friction and activation at high temperatures, which leads to
strengthening under certain conditions, it can undergo corrosion.

Progressive methods of strengthening parts of the cylinder-piston group include gas plasma
spraying. The working conditions of piston rings require a different approach to the selection of
coatings [1, 2].

Although the basic provisions of the general theory of obtaining coatings have been
developed, the effectiveness of each method and the possibility of using specific coatings always
depends on information about the change in the properties and structure of materials during sputtering.
For alloys, it is not always possible to know the structure and properties of coatings in advance.
Extensive experimental work is necessary investigation of the structure and properties after sputtering.

Therefore, the presented work is timely and relevant [3-5].

Material and research methodology

Material of piston rings. Strengthening piston rings made of high-strength cast iron, the
composition of which is given in table 1.

Table 1 - Chemical composition of gray and high-strength cast iron

il e Si Mn | Cr No Mo Cu Mg p

SC 25 | 32034 | 1417 | 0.6-09 ] — i - 1 <03
0.85- 0.03-

HF42 | 3437 | 2125 | 00 | 045 | 1215 | 0609 | 0304 | 0% | <01

Methodology of friction and wear tests . Testing of new materials and technologies in the
conditions of real production is associated with significant costs of material resources and time.
Therefore, in order to evaluate the effectiveness of the use of materials, methods of their processing,
structural changes of parts and other measures, laboratory and bench tests simulating the maximum
approximation to real operating conditions were carried out. Tribotechnical characteristics are the
main criteria for assessing the workability of materials for volumetric hydraulic drive parts and the
effectiveness of their surface treatment .

In this regard, test methods were chosen for the work, which allow simulating the main
processes of friction and wear of real parts.

The tests were carried out on the SMC-2 friction machine, which allows you to compare the
tested materials in terms of wear resistance, anti-friction properties and properties in the process side
jobs according to the "roller-pad" scheme (fig. 1).

Fig. 1. Scheme «roller-pad»

Metallographic, electron microscopic and X-ray studies.
The structures were studied and photographed on a MIM-7 microscope at a magnification of
(70 - 1000) times. Electron microscopic and X- ray microspectral studies were conducted to establish
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the relationship between the conditions of recovery through worn layers, their microstructure and
operational characteristics .

Electron microscopic studies were performed on a UEM 100 ML microscope using varnish
replicas made according to standard methods.

The structure of the surface before and after operation was studied using a SEM scanning electron
microscope at an accelerating voltage of 30 KV in a wide range of magnifications from 20 to 10 thousand times.
To analyze the phase composition of the base metal and coating, X-ray structural phase analysis was performed
on the URS-50 unit.

The amount of residual stresses in the near-surface layers was determined on the DRON-2
installation by the method of repeated oblique surveys in the radiation of a copper anode with a
graphite monochromator.

Radiographs for qualitative and quantitative analysis and measurement of lattice parameters
were taken on URS-55, URS-60 devices in Debye chambers using iron and chromium radiation

Study of the wear resistance of parts strengthened by gas thermal spraying

Operating conditions of piston rings of parts of the cylinder-piston group

The piston rings of the parts of the cylinder-piston group work in stressful conditions, which
are characterized by high temperatures (up to 1900 ° C of the combustible mixture, up to 600 °C on the
surface of the sleeve and up to 450 C on the piston skirt), pressures (up to 15 MPa) and an extremely
unfavorable nature friction from liquid to dry during reciprocating motion .

Combustion of fuel with a high sulfur content in the cylinders of diesel engines increases the
intensity of wear of piston rings (fig. 2).

‘-
B

|

Fig. 2. Piston rings

Such rings are used in agricultural machinery, for example, in engines of MTZ tractors
(fig. 3).

Fig. 3. Tractor MTZ_80 "Belarus”

Wheeled tractors of the Belarusian Tractor Plant of the MTZ series (MTZ-80, MTZ-80I,
MTZ-82, MTZ-82L) are universal agricultural tractors of the 1.4 t class.

MTZ-80, MTZ-82 (MTZ-80l, MTZ-82L) tractors are equipped with a four-cylinder, four-
stroke D-240 diesel engine with a rated power of 59 kW (80 hp) with an electric starter (D-2401 with a
starting motor).
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Research of the structure and properties of gas - plasma coatings from powder materials

As materials for strengthening piston rings, a number of powder materials were taken, which
can provide the necessary properties for the operating conditions of the selected parts and satisfy the
requirements for sprayed materials (table. 2).

Coatings made of self-fluxing alloys, such as PNHSR, are recommended according to the
literature to create resistance to abrasive and erosive wear under corrosion conditions

Table 2 - Chemical composition of powder materials from system alloys, %

Material No C Cr Si B Fe
PGSR3 .
(PN73X16S3R3) basis | 0.6-0.9 | 15-17 | 2.7-3.7 | 2.2-3.0 5
PGSR4 .
(ITH70X17CXP4) basis | 0.8-1.2 | 16-18 | 3.8-45 | 2.9-4.0 5

Therefore, powder materials from PN73X16C3P3, PN70X17CXP4 alloys in their pure form
and in combination with chromium carbides were taken as a basis when searching for ways to increase
the resistance to abrasive wear under corrosion conditions of piston rings made of gray cast iron
(fig. 4.). The operational properties of such coatings are formed in the process of carrying out various
operations of obtaining the coating: dusting, melting, subsequent treatments. Therefore, there is a need
to study the impact of these operations on the structure and properties of the coating.

Modes of gas-thermal spraying

I

Tpaveoomun
e 280 )

Fig. 4. Scheme of gas thermal application spraying

The plasma sputtering modes listed in table 3 were processed with the following constant
parameters:

- speed of sample rotation — 45 rpm, linear speed of movement of samples relative to the
plasma jet — 18.4 m/min;

- the diameter of the charge pipe in the anode nozzle - 2 mm;

- the distance from the place of introduction of the powder to the section of the nozzle - 4 mm;

- the axis of the plasma jet is perpendicular to the axis of rotation of the sample

Table 3 - Preheating modes

Speed
. Plasmatron Arc Heating Consumption of movement of
Plasma-forming . 2
as current, A voltage, | distance, | plasma-forming gas, the
g \ mm d/ min plasmatron,
mm/min
Argon + nitrogen ) ) ) i i
(23-35 %) 325-350 50-55 130-150 35-40 400-600
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Structure and properties of self -fluxing alloy coating

Coatings from these alloys are recommended for creating high resistance to abrasive and
erosive wear in conditions of corrosion and cavitation at low and high (up to 600-800°C) temperatures.
Therefore, coatings (PN73X16C3P3 — PGSRZ, PN70X17C4P4 — PGSR4, PN70X17C4P4 + 40% Cr 3)
were studied in connection with the search for a way to increase resistance to abrasive wear under
corrosion conditions of a number of cast iron parts.

The operational properties of such coatings are formed in the process of operations of
obtaining the coating: dusting, melting, subsequent treatments. This requires studying the impact of
these operations on the structure and properties of coatings.

The structure of the particles of the layer indicates that they were formed by molten particles.
particles that did not melt differ, as a rule, in larger sizes and are most often collected in groups
(fig. 5).

The described experimental data may indicate that the low density of chromium-nickel
coatings is due to the physical and mechanical properties of the alloy itself in the liquid and solid
states.

The connection of the unmelted coating layer with the cast iron is unsatisfactory. Alternating
areas of good and bad contact can be observed at the boundary between the coating and the substrate
(fig. 6, a, ¢), and in some places the connection of the layer with cast iron is completely absent.

A significant increase in density, excellent connection with the substrate characterizes the
fused coating. Calculations fix the porosity of the fused coating at approximately 1.3%.

Fig. 5. Structure of unmelted PGSR4: a - agar contact with the substrate;
b — bad contact, x100
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Fig. 6. Structural elements of the non-melted coating of PGSR 4
a, ¢ — deformed particles, x100;
b, d — undeformed particles, x1000

In general, the structure of the fused coating is characterized by uniformity in the volume of
the layer, but the structure of the alloy differs in microvolumes .

Structure and properties of gas-plasma coatings in the PGSR type, there are no specific data on
the structure of the studied alloys of the system Ni - Si - Si - B with carbon and iron. It is noted only
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that their high hardness and wear resistance are due to the presence of carbides, borides, carboborides
in the structure .

In order to find out possible interactions, it follows that chromium, nickel and iron in the
amount included in the investigated alloys should form solid solutions among themselves. Silicon up
to 5 % dissolves in nickel, up to 1 % - in chromium, and with a higher content forms a number of
chromium silicides (Cr,Si) in the composition of eutectics, for example, Ni»B, Cr.B (fig. 7). Carbon,
most likely, should interact with chromium and boron, because nickel and silicon are non-carbide-
forming elements. With chromium, carbon can form a number of carbides: Cr230¢, Cr;O3, CrsO2in the
composition of eutectics and peritectics.

Of course, the nature of the transformations in a multicomponent system is a function of many
parameters and cannot be specifically determined by double interactions, but it can be expected that
the main structure of the considered alloys should be a multicomponent nickel-based solid solution.

The work studied the structure and properties of such an alloy in a layer and their changes
during some technological operations.

Radiographically, the multiphase structure of the original powder is recorded. The most fully
presented solid solution lines based on nickel and the carbide phase of the Cra; Os type (fig. 8)..
But many lines do not lend themselves to unambiguous identification. One can find a coincidence with
the main lines of chromium and nickel borides, chromium silicides. Many main lines of different
phases overlap each other, and some do not fit into the lattice of any system, which does not allow
specifying the phase composition of the alloy.

Radiograph of the melted layer quite completely coincide with the X-ray pattern of the
powder.

Chromium carbide lines and the strongest lines of other phases are preserved on the
radiograph of the unmelted layer. Preservation of phase lines in the sputtered layer without melting
and the layer after quenching indicate that these phases are formed as a result of primary
crystallization, this is confirmed by the metallography of the original powder and the original layer.
Crystals are visible in the structure of the powder, as well as a dispersed mixture of phases between
them. The molten layer has a similar structure, the components are uniformly distributed throughout
the layer. Electron microscopic studies show that in the area of coarse mixtures oriented areas are
observed, in the area of fine mixtures - non-oriented, which are less dispersed. The multiphasic nature
of the layer determined by X-ray analysis is confirmed by microscopic studies (fig. 9).

b

Fig. 7. Structure of the coating for sputtering PGSR coatings
a, b — structure of PGSR4 powder; c - is the structure of Crz O, carbides which additionally
introduced during sputtering PNSR4+40% Cr 3PRO2, a, b - x1000, ¢ - x400
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Fig. 8. X-ray patterns of PGSR 4 alloys
a — PGSR4 Acr powder ; b —unmelted layer, ¢ — melted layer
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Fig. 9. The structure of the molten layer of PGSR 4

a, b — coarse and fine mixtures; ¢ — structure after etching,
d — structure after volume hardening, x100

L
.

It can be suggested that the phase in the form of rounded particles is chromium carbide.
They are stored when the layer is heated for hardening . Microhardness measurements indicate the
same.

The structure of the undeformed particles coincides with the structure of the original powder.

A coating with PGSR3 has a similar phase and structural composition, a distinctive feature of
the layer is a smaller amount of a coarse mixture of phases, which is associated with a change in the
composition of the alloy (in terms of carbon).

Structure of the boundary regions of the sprayed layer

When sputtering with PGSR alloys, no changes occur in the structure of the base metal and
border regions, due to this total heating of the base metal and a sharp temperature difference at the
point of contact of each particle with the base (fig. 9) the structure of cast iron at the boundary with the
layer does not differ from the original structure. When layers are melted, a change in the structure of
cast iron is observed at the boundary with the layer and in the layer at the boundary with the base.
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The changes are associated with the partial melting of the base metal and the activation of
diffusion processes in the boundary zone heated to a high temperature.

Melting of the base metal causes its mixing with the material of the layer and the formation of
a new alloy different in structure from the base and layer.

Increase at the boundary of the layer of a coarse mixture of phases (fig. 10, 11) can be
explained by the diffusion of carbon and iron into the layer of cast iron and steel in the case of PGSR4
and PGSR3. A thin layer of a single-phase alloy is formed at the boundary with unmolten metal.

A change in the structure of cast iron, a layer with an increased content of ferrite is formed at
the border, which can be explained by the diffusion of the graphitizing element nickel in the cast iron.

Fig. 10. Structure of the molten layer of PGSR 4
a — coarse mixtures; b - thin mixtures, x1000

Fig. 11. Structure of the boundary zone of the molten layer
a — coverage of PGSR4; b — coverage of PGSR3, x1000

Structure and properties of coatings from PGSR 4 + 40% Cr;PRO;

The structure and hardness of coatings in the molten state, as well as after annealing and after
hardening, were studied. Fused coatings are generally characterized by good density, although slightly
less than PGSR coatings without chromium carbides.

The increase in porosity is due to the fact that single large pores or even their accumulation are
observed in some areas at the boundary of the layer and the base metal. Obviously, these are areas that
had a poor connection with the matrix in the filed state. Larger accumulations of gases in such places
do not have time to diffuse to the surface and coagulate in place.

The structure of the molten layer is presented in (fig. 12) In all coatings, the structure of the
layer is heterogeneous in depth and two zones are observed: in one, connected to the substrate , there
is a clearly defined oriented columnar dendritic structure of the cast metal: in the other, the structure is
more homogeneous, without noticeable orientation. After etching, three zones with different
metallographic structures are defined in the layer:
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I — the zone of the layer reaching the surface is characterized by a uniform distribution of
homogeneous secretions;

I1 — the middle zone, which is characterized by non-homogeneous allocations in size;

I11 —the zone of the layer adjacent to the substrate has a dendritic structure.

We assume that the noted structure of the layer is due to the peculiarities of its melting by
surface gas-plasma heating.

Fig. 12. General type of coating layer of PGSR +40% Cr3 PRO,, x400

Surface heating is characterized by a temperature gradient along the depth, which can be
noticeably affected by the melting of such a heterogeneous structure, which must have a sputtered
layer of PGRS4+40% Cr30..

The formation of the sputtered layer occurs by the sequential stacking of individual particles
of PGRS4 and Cr;0; carbide. Chromium carbide has a melting point significantly higher than the alloy
of the NiC rS i B system (the melting point of Cr; Oz is 1830 ... 1895 °C) [8]. Therefore, it can be
assumed that the carbide particles will not completely melt in the plasma and enter the layer semi-
melted, keeping the monocrystalline structure in the main volume. The metallographic and X-ray
structural analysis of the original powder mixture testifies to the polycrystalline structure of the
original CrsO; carbide powder. PGRS4 powder consists of spherical particles , while carbide particles
have a polygonal shape and are single crystals. Even on an X-ray image taken from a rotating column,
the carbide powder is represented by reflex lines. Particles of carbides have a high microhardness
equal to 15800 ... 17800 MPa (table 4).

Table 4 - Wear resistance of PGSR4 coatings under conditions of hydroabrasive wear

Material Hardness Roller wear, g Pad wear, g

Steel 38KHS
TVC hardening 660 0.330 0.182
PGSR4 710 0.247 0.136
PGSR4+40% Cr 3
PRO 760 0.102 0.089

0
PGSRA4+40% Cr 5 640 0.164 0.096

PRO ,, hardening

Wear resistance of coatings made of alloys of the Ni-Cr- Si - B system

Wear resistance tests were carried out in connection with the goal of the task - to increase the
wear resistance of piston rings operating in friction conditions with high shock loads and abrasive
wear. For comparison, 38KHS steel, hardened by TVC, was tested.

It follows from the obtained experimental data that coatings with Ni- C- Si- B- alloys
significantly increase the wear resistance of products, while reducing the wear of the joint of the part.
The addition of CrsPRO; carbides increases the wear resistance of the coating by more than three times
compared to steel 38KHS. Hardening of coatings with chromium carbide additives slightly reduces the
wear resistance of the coating, but still leaves it at a fairly high level. This allows us to assume that if
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there is a need, the product can undergo heat treatment together with the coating. The possibility of
applying the PGSR4 coating to increase the wear resistance of cast iron was tested in industrial
conditions. After grinding, the depth of the layer was 1200 pum, the surface cleanliness was 6. Under
the studied operating conditions, the piston rings fail after one month of operation due to intensive and
very uneven wear of the outer surface. The filing rings were removed for control after three months of
operation. After operation, the surface of the sleeve acquired the appearance of a polished product

(V 9) without any local surface disturbances . The conducted studies allow us to say that the coating

of products with alloys of the Ni-Cr - Si - B system is a reliable method of increasing the wear
resistance of parts operating under conditions of abrasive wear together with the corrosive influence of
the environment, and can be recommended for practical use.

Conclusions

The conducted studies showed:

1. Ni - Cr - Si - B alloys significantly increases the wear resistance of piston rings, while
reducing the wear of the connected part. The addition of carbides increases the wear resistance of the
coating by more than three times compared to steel 38KHS.

2. Coating products with alloys of the Ni - Cr - Si - B system is a reliable method of increasing
the wear resistance of parts operating in conditions of abrasive wear, compatible with corrosive effects
on the environment, and implemented in industry.

3. Quenching of coatings with chromium carbide additives slightly reduces the wear resistance
of the coating, but leaves it at a sufficiently high level. This allows us to assume that, if necessary, the
product can be subjected to heat treatment together with the coating.

4. The possibility of applying PGSR4 coatings to increase the wear resistance of cast iron
piston rings was tested under the conditions of operation of protective sleeves of water pumps. After
grinding, the depth of the layer is | 200 um.

5. The work was implemented by the State Enterprise "Zavod named after Malyshev " with an
economic effect of UAH 60,000. for a year.
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OBIPYHTYBAHHSI BUBOPY HAHOMOAU®IKATOPIB JIUBAPHUX
AJIIOMIHIEBUX CILJIABIB®

Hoxyp H.I., acnipanTka, Mopo3 51.B., acnipanTt
JAHY im. Onecs 'onuapa

Anomauia. Busueno 6nius Mooupikysanus OUCNepCHUMU KOMIOZUYIAMU HA 3ePeHHy CIMPYKIMYpy ma
MexXaHiumi 61acmu8ocmi NPOMUCIO8UX antoMiniesux cniuaeie. Amominiesi cnnasu AJl4, AJI4C AK7u
moougpixyeanu oucnepcrum nopouwxom BaC posmipom uacmox 0o 200 um. Pospaxosana xinbkicmo
Moougixamopy 015 68edenus y posnaas. llposedeni niaexu cniaeie AJI4, AJI4C AK74 y euxionomy
cmani ma 3 06podxor posniasie MgeSi. Bcmarnosneno 3anesicHocmi po3mipy YacmuHoK ma KilbKOCmi
Mooughikamopa Ha mexawniuni eracmusocmi cniagie. Bcmanoeneno mexanizm 63aemodii mooughika-
mopa 3 antOMIHIEBUM PO3NIABOM NI 4aAC KPUCATI3AY.

Knrouoei crosa: aniominicsuil cnias, cmpykmypa, MEXauiuli 61acmueocmi, OUCnepcHull Moougika-
mop.

JUSTIFICATION OF THE CHOICE OF NANOMODIFIERS FOR FOUND
ALUMINUM ALLOYS

Tsokur N.I., postgraduate, Moroz Ya. V., postgraduate
DNU named after Oles’ Ghonchar

Abstract. The effect of modification with dispersed compositions on the grain structure and mechani-
cal properties of industrial aluminum alloys was studied. Aluminum alloys AJI4, AJI4C AK7c were
modified with dispersed B4C powder with a particle size of up to 200 nm. Calculated amount of modi-
fier to be introduced into the melt. Smelting of AL4, AL4AC, AK7c alloys in the initial state and with
Mg,Si melt processing was carried out. The dependence of the particle size and the amount of the
modifier on the mechanical properties of the alloys was established. The mechanism of the interaction
of the modifier with the aluminum melt during crystallization has been established.

Key words: aluminum alloy, structure, mechanical properties, disperse modifier.

Beryn

CTBOpeHHs AMCIIEPCHUX MaTepiaiiB O6e3rmocepeHbO HOB'I3aHO 3 PO3POOKOI0 1 3aCTOCYBaHHAM
HaHOTeXHOJOTi. Ha ycTaHOBKax Im1a3MOXiMIYHOTO CHHTE3y MOXKHA OTPHMYBATH IIMPOKUI CIEKTp
HAHOJIMCIIEPCHUX CIIONYK, a caMme: KapOiau, HiTpUAH, KapOOHITPUIN, CUITIIUAN Pi3HUX eJeMeHTiB (Si,
Al Ti, V, Mo, W Ta iH.), a TaKOX HaHOJUCIIEPCHI MOPOIIKH YHCTUX MeTalliB [2-4]. Y BITYN3HAHOMY
MaIIMHOOYyBaHHI MIMPOKO 3aCTOCOBYIOTH HEpXKaBirOi CTaJI, JIMBApHi i 1eOpMOBaHi aTroMiHIEB] Ta
MarHi€Bi, TUTAHOBI Ta HikeJieBl cIutaBd. [ BiAMOBIAANBHUX JETajei MalIMHOOYIYyBaHHSI MOXYTh
OyTH KOpHCHI MEPCIEeKTHUBHI HAMIPAMKA 3 00pOOKH HaHOMOJU(IKATOpaMH CILIaBIB Pi3HUX CHCTEM Jie-
TYBaHHS.

AmnaJji3 myOsaikanii
MoandikyBaHHA JUCIIEPCHUMU KOMITO3ULISMHU Pi3HUX CIUIABiB IMPOKO AOCHIHKYBaJIoCsA Y

HaykoBuX mpamsx bonbmrakosa B.1., Cyryruna A.I'., CaGyposa B.I1., cTarTax Ta HaykoBHX poOoTax
0araTbOX BWJATHHX BYCHUX Taily3i Matepiano3Hasctsa [1,3,8]. JocmimkenHs MoaudikyBaHHS JC-

® HaykoBuit kepiBuK 1ipo(., 1.7.H. Kaninina H.€.
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MIEPCHUMH KOMIIO3HITISIMI QJIFOMIHIEBUX CIIABIB € MPOJOBKECHHAM POOIT, ITOB’I3aHUX 3 JAHOI0 TeMa-
THKOI0. B pobotax [6,7] HaBeaeHO iCHYOUH cIOCOOM MOAN(IKYBaHHS CIUTaBIB PI3HUMHU BHIAMU KOM-
MO3MIIiH. AJie BiICYTHI JaHHI 3 BUKOPHCTAHHSI MOAU]DIKATOPIB Y HAHOAMCIICPCHOMY CTaHi.

Merta i mocTaHOBKA 3a1a4i

MeToto poOOTH € BCTAHOBHUTH BIUTUB MOAN(DIKYBaHHS AUCTICPCHUMH KOMITO3HUIISIMU Ha CTPYK-
TypOYTBOpPEHHS Ta MEXaHI4HI BIACTHBOCTI aFOMiHIEBHX CIUIaBiB. 3a7adi JOCHTIKEHb MTPOBECTH JOC-
JIAHO-TIPOMHUCIIOBI TUTaBKH ANIOMIiHIEBHX CIDIaBiB. JloCHimuTH CTPYKTypy Ta MeXaHidHI BIACTHUBOCTI
CIUIABiB Y JINTOMY CTaHi /10 i micist MoAn(iKyBaHHS.

OcHoBHMI MaTepiaja K0CTiTKeHb
MarepianoM gociipkeHHs € amoMinieBi craBu AJl4, AJI4C, AK74. Jlucnepcuuit Mg.Si
OTPUMAHO METOJIOM ILIa3MOXIMIYHOTO CUHTE3y. [IpoBeIeHI JOCIITHO-TPOMUCIIOB] IUIABKH aJIFOMiHi€-

BUX CIIIaBiB. J{OCIIPKEHO CTPYKTYpy Ta MeXaHi4HiI BIACTHBOCTI CIUIABIB y JTUTOMY CTaHi. XiMiuHUIH
CKJIaJI CTUTaBiB HaBeNleHO y Tabmuii 1.

Taomuua 1 — Ximiunmii cxkitan ciuasis AJl4, AJI4C, AK74, %

Cmnas Al Si Mg Mn Sh Fe
AJl4 3 9,2 0,3 0,3 — 1,0
AJI4C g 9,2 0,3 03 [018| 009
AK74 O 6-8 | 0,204 | 100,5 | — | no1,5

3 ypaxyBaHHSM TMPHUHIUIY TIPO KpucTamorpadidyHy i po3MipHYy BiANOBITHICTE i30MOpQHOCTI
KPUCTAJIYHUX PEIITOK aTIOMIHII0 1 TYroluiaBKUX CIIONYK BCTaHOBWIIM, IO MoAudikaTopaMu
ATFOMIHIEBUX CIUIaBIB MOXYTh OyTH KapOiu KpeMmHiro, HioOito i Oopy, a TakoK KapOiaw i HITpHUIU
TUTaHy, OUPKOHI0. Sk edeKTuBHUI Momu(pikaTop JTUBAPHUX ANMIOMiHIEBUX CIUIABIB 3alPOIIOHOBAHO
JIUCTICPCHUN  TIOpPOIIOK  Mg>Si po3mipom wactok g0 200 HM, SKHA OTPHUMaHO METOJOM
BHUCOKOTEMIIEPATYPHOTO TIa3MOXiMiYHOTO CHHTE3Y.

Jis Hepo34YMHHUX JOJATKIB, 130MOP(MHUX 10 AOMiHIIO, aHAJOTIYHICTh BIUIMBY PO3YHMHHUX
€JIEMEHTIB JIOTPUMYETHCS JIMIIE TOJI, KOJH KUIBKICTh HEPO3YMHHOTO JIOJATKY MEPEBHIIYE KiJIbKICTh
KPHCTAJIIB, 10 YTBOPUJIKCS JOBILIBHO 32 THX caMHX YMOB [5]. TakuM 4nHOM, 31 30UTBIIEHHSIM KUTHKOCTI
HEPO3YMHHOIO J0JATKY, 30KpeMa 4acTHHOK Mg»Si, po3Mip 3epHa CIIOYaTKy 3MEHIIYEThCS, a MOTIM
OyJe MmoCTIHHUM.

MexaHi3M BIUIMBY JUCIIEPCHHUX YacTUHOK Mg>Si Ha (opMyBaHHS CTPYKTYpH JTO€BTEKTHYHUX
AIFOMIHIEBUX CIUIABIB TiJl Yac KpPUCTATi3allii Mojsrae B TOMY, II0 OCHOBHA iX Maca BHUINTOBXYETHCS
(dpoHTOM KpHCcTamizamii B piiKy ¢a3y i Oepe ydacTb y MOAPIOHEHHI CTPYKTYPHUX CKIIAIOBUX CILIABY
[6].

Ha MexaHi4HiI BJIACTHMBOCTI aJIFOMIHIEBHX CIUIaBIB CYTTEBO BIUIMBAIOTh PO3MIPH YaCTHHOK
3MinHIOBasIbHOT (asu [8]. IIpoMHUCIOBI eKCllepUMEHTH 3 3aCTOCYBaHHSM IHUCIIEPCHUX YacTHHOK Y
HIMPOKOMY iana3oni po3mipis 10...20; 30...40; 50...60 i 90...200 HM BUSBWIH, IO 31 3MEHIICHHSIM
po3MipiB wactuHOK 70 100 HM Mexa wminHOcTi crutaBy AJI4 3pocrae 3 110 no 260 MIla.
MixkpocTpykrypa ciuaBy AJI4 o i micnst MonugikyBaHHS IPUBEICHO HAa PUCYHKY 1.
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Puc. 1. Mikpoctpyktypa crnaBy AJl4, a — no mogudikyBanus, 6 — micist MmogudikyBanns x100

VY BHXiTHOMY CTaHi  BHSBJIEHO KpPYITHO3EPEHHY CTPYKTYPY 3 CEpEOHBOI0  IUIOLICIO
15,6 mm?. ITicas Mmomu(ikyBaHHS JOCATHYTO MOAPIOHEHHS 3€pHa 10 7,6 MM2.

Jns BU3HAUCHHS ONTUMAJbHOI KiJTBKOCTI MOIM(iKaTOpa BUKOHAIHM MPOMHCIOBI IUIABKU Ta
BUNIPOOYBaHHS 3pa3KiB, MO MpOHIUIM TepMiuHy 0OpoOKy 3a pexumoMm T6 (rapTyBaHHS i IITy4HE
CTapiHHA).

[Monansire 30ibmeHHs KinbkocTi Moaudikaropa Bix 0,10 g0 0,25% B crutasi AJI4 cyTTeBO He
BILIMBA€E Ha MEXaHIYHI BJIACTHUBOCTI, a 3a BMICTY Ouibine 0,25% HE3HAUYHO 3HUKYETHCS MapaMeTp Op.
He3snaune 3HmKeHHs MexXi INTMHHOCTI ciutaBy AJI4 criocrepiranu nix yac BeeaenHs Oinbiie 0,1 mac. %
mMoaudikaropa MgsSi.

TakyuM YMHOM, MEXaHIUHI XapaKTEpPUCTUKU JMBApPHOTO aioMiHieBoro crumaBy AJI4 3HadHO
HIJIBUIIYIOTECS 32 paXyHOK BBeleHHsS y posmias 0,1 mac. % HaHOIMCHEPCHUX YaCTHHOK. [lOCATHYTO
HACTYITHHH PiBEHb BIACTHUBOCTEH cIiaBiB: 6y — 260 Mlla, & — 7,2 %, mo Ha 10 % BuIIe MOKAa3HUKIB
MiItHOCTI Ta Ha 8,2% BHIIE MOKA3HUKA TUIACTHYHOCTI CILIaBIB Y BUXIJHOMY CTaHI.

SKicTh NMBapHUX aNOMIHIEBUX CIUIaBiB MMiJ 4Yac MOAU(]IKyBaHHS 3aJIeKHUTh BiJl OaraThbox
YUHHUKIB: IPUPOIN AUCTIEPCHOI (ha3u, TEMIIEpaTypH PO3ILIaBY, PEXKHIMIB HOTO ITEPEeMIITyBaHHS ITiJ] 9ac
BBE/ICHHS 4YacTUHOK. [lif] yac BHBYCHHS BIUTMBY TeMIIEpaTypd Ha CTYHiHb 3aCBOEHHS TYTOILIABKHX
yacTHHOK MQ2Si BcTaHOBIIEHO, IO 32 MEBHOI JJIsl JAHOTO PO3IUIABY TEMIIEPATypH CIOCTEPIracThes
MaKCUMYM iX 3aCBO€HHS. XapaKTEPHOIO OCOOJIMBICTIO Pe3yJIbTaTiB AOCIIUKEHb, BAKOHAHUX 3 PI3HUMH
TYTOIUIABKUMHM KOMIIO3MIISIMA B aJTIOMIHIEBUX CIUIABaX, € JOCSTHEHHS MAaKCUMyMy 3aCBOEHHS
YaCTUHOK 32 HUXKHBOTO 3HAYEHHS TEMITEPATyPH PO3ILIABIB.

BucnoBku

BuBueHo ¢izuko-XiMidHI BIACTUBOCTI AmcriepcHOro Moaudikaropa. [IpoBeneHo mpoMuciioBi
wiaBku JuBapHuX cmiasiB AJl4, AJI4C, AK74 y BuxizHomy cTaHi Ta 3 0OpoOKOIO pPO3IUIABiB
MOPOIIKOBUM MOu]ikaTOpoM. BcTaHOBIEHO MeXaHI3M B3a€EMOJIl JUCIEPCHOIO MoJudikaTopa 3
AITIOMIHIEBUM PO3IJIABOM MiJ 4Yac Kpucramzaiii. B pe3ynbraTi AOCHIHKEHHS TOCATHYTO 3HAYHE
MOJIpiOHEHHS 36PEHHOT CTPYKTYpH MOAM(]PIKOBaHMX CIUIaBiB. BCTaHOBIEHO 3aJI€KHOCTI PO3MIpY YacTOK
Ta KIIBKOCTI MOoAudikaTOpa Ha MeXaHi4HI BIACTHBOCTI JINBAPHHUX AITFOMIHIEBUX CIUIaBiB. [locsArHyTO
HACTYITHHMI PiBEHb BIACTHUBOCTEH ciuariB: 6B — 260 MIla, & — 7,2%, mo Ha 10% BuIlle TOKa3HUKIB
MirtHOCTI Ta Ha 8,2% BHIIE MOKA3HUKA TUIACTHYHOCTI CILJIaBIB Y BUXIJHOMY CTaHI.
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ENVIRONMENTALLY SAFE TECHNOLOGY FOR INCREASING
THE DURABILITY OF HYDRAULIC HAMMER PARTS’

Tunyk V., student of group MC-51-21, KhNAHU

Abstract. The object of research is the processes of detonation spraying of important parts of
hydraulic hammers with the formation of special structures and properties of surface layers of parts to
increase durability in difficult operating conditions. The purpose of the work is to solve the scientific
and technological problem of increasing the durability of the working parts of heavy-duty machines
based on the use of detonation spraying for contacting surfaces of hydraulic hammer parts. Research
method — metallographic, microscopic and X-ray studies, bench tests of the durability of hydraulic
hammer parts. In the work, studies on the application of this method were carried out. Test results of
parts strengthened by this method are shown , which indicate an increase in the wear resistance of
parts by 1.3 times compared to the original version. Structural changes that occur during the test in
the surface layers of the parts are characteristic of the phenomena of secondary hardening with a
lower level of hardness than on the parts of the previous options.

Keywords: hydraulic hammer , detonation spraying , wear resistance, surface treatment, hardness,
durability.

EKOJIOI'THO BE3NEYHA TEXHOJIOI'EA IS IIABULIIEHHA
JOBI'OBIYHOCTI AETAJIEU I'TIPOMOJIOTA

Tynik B., ct. rp. MC-51-21, XHAZLY

Anomauia. O6’ekmom 00CHiONHCEHHs € Npoyecu 0eMmoHAYIlIHO20 HANULEHHs 8i0N08I0ANbHUX Oemaell
2I0poMoIomie 3 POPMYBAHHAM OCOOAUBUX CIPYKMYP | 61ACMUBOCHEN NOBEPXHEBUX WAPI8 demanell
071 NiOBUUeHHS 00820BIYHOCTII 8 CKIAOHUX YMO8AX excnayamayii. Memoio pobomu € eupiuienis Hay-
KOBO-MEXHON02IYHOT NpodIeMU NiOsUWeH s 008208IUHOCIE POOOUUX OP2AHIE BANCKOHABAHMAICEHUX
MAWIUH HA OCHOBI BUKOPUCMAHHA 0eMOHAYIUHO20 HANUIEHHSA KOHMAKMHUX NOBEPXOHbL Oemalell 2io-
pomonomie. Memoo 0ocniodicentss — memanoepaghiuni, MiKpOCKORIYHI MA PeHMEeHIBCbKI OOCIONCEH-
HSl, CMEHO08I SUNPOOYEaKHs HA 008208IUHICMb demanell 2i0pomonomis. B pobomi nposedeni doci-
0diCeHHs. W00 3acmocysants 0ano2o memody. Hasedeno pesynomamu sunpobysamns oemaneti, 3miy-
HEeHUX YumM MemoooM, AKI ceiduams npo nidguujerHs 3Hococmivkocmi 6 1,3 pazu 6 nopigHsaHHI 3 GUXi-
OHum eapianmom. CmpykmypHi 3miHu, wo 6i00y8alomvcsi Npu uNpoOy8aHHi 8 NOBEPXHEGUX WAPAX
Odemanell, XapakmepHi OJist A6ULY BMOPUHHO20 3MIYHEHHS 3 MEHWUM Pi6HeM MEepOOCHi, HidC Ha dema-
JISIX NONepeOHix 8apianmis.

Knrouoei crosa: 2iopasniunuii moiom, 0emoHayitine HanuieHts, 3HOCOCMIUKICMb, 00pPOOKA NOBePXHI,
meepoicmb, 006208IUHICb.

Introduction

The problem of effective development industries industry of Ukraine, especially the machine-
building complex, includes 2 main ones directions.

The first is this development new ones materials that combine in themselves different proper-
ties, for example, high coefficient friction with low intensity wear and tear, high strength with plastici-
ty. For systems that work in extreme the necessary conditions materials with special properties - corro-
sion, wear, radiation - resistant.

" PoboTa BUKOHaHA i KepiBHUITBOM Ipodecopa I'mymxosoi J1.5.
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Second the direction is modern technologies processing, with the help of whose you can pro-
vide in detail the necessary combination necessary properties, leaving from operating conditions.

Currently, they are practically absent reliable criteria for optimizing the composition and
structures coverage, in particular, obtained at high-energy influences, and prognostication him work-
ing capacity in conditions friction, because of dependencies strength and wear resistance coatings in
id many factors related with properties are connected materials and technology parameters their appli-
cation, often occurs necessity determine the values of the quantities are experimental.

In touch with hereby installation theoretical and technological foundations of formation pre-
dicted structures and properties of important parts of construction machines at high-energy influences
to increase their wear resistance and durability is important and an actual problem.

The solution given problems will open wide opportunities forecasting and management func-
tional characteristics of important parts of construction machines in a wide range of operating condi-
tions and will provide significant increase their longevity.

Working principle and requirements for the hydraulic hammer

Hydro hammer irreplaceable when destroyed solid rocks, concrete, frozen soil and brick build-
ings (fig. 1). At the same time productivity variable equipment determine energy and the beat frequen-
cy.

The analysis of the work of the hydraulic hammer showed that the longevity of its operation
depends on the main working tools: picks, hammer, bushings and the body of the hydraulic hammer
(fig. 2).

The body of the hydraulic hammer - the pickaxe - is prone to wear. The tip of a hydraulic
hammer can have different shapes: conical, pyramidal, shovel, chisel. The choice of the shape of the
peak depends on the type of material to be destroyed.

Fig. 2. Broken spade

In addition to various design features, the strength and durability of the tool are significantly
influenced by the choice of material from which it is made, and how correctly the heat treatment is
performed. So, the main reasons for the breakdown of the worker tool hydraulic hammer is:

- Pare diverse lateral load in progress works that create bending;

- Incorrect working angle (non-perpendicularity tool surface is collapsing material);
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- " Idle " work;

- Low temperature;

- Mechanical and thermal damage;

- Unqualified surfacing or sharpening;

- Shortage lubricants;

- Corrosion;

- Wear and tear;

Important parts hydraulic hammer is working peen and guide bushings.

Peen is the main element of the hammer. A fight is this certain mass m, which is required
move to some distance from tool and to disperse to given speed V to the side tool [1]. In order to dis-
perse fight to the right speed, to him necessary to attach the corresponding force, the magnitude of
which is defined pressure working family and the area on which it acts this pressure as well gas pres-
sure in the pneumatic chamber and appropriate area the end of the striker on which it acts gas pressure.

One with the main causes of destruction fights is fatigue metal, specialists allocate sufficient
attention study and determining the reasons for leaving failure of the relevant parts of the hydraulic
hammer, as well as on the increase their reliability and durability (fig. 3). On these properties hydrau-
lic hammer has a great impact are doing applied materials, technology production and constructive
features [2-5].

Fig. 3. Hammer striker (general view) and fatigue failure of the hammer striker
in the process operation

In series and works show that chemical and thermal processing workers surfaces hydraulic
hammer allows solve only private tasks

Study experience application high energy sources energy, as well as new ones made up coat-
ings for workers surfaces allows assume docility their use for promotion term services responsible
parts of hydraulic hammers.

Research methods

Methodology for determination of hardness and microhardness of coatings.

To detect changes in the surface areas, as well as to control the quality of the coating, hardness
measurements were carried out. This method makes it possible to carry out 100 % control of parts,
tests are not destructive, measurements can be carried out directly on the parts. The Rockwell method
was used for the study, which is usually used to study heat-strengthened material.

To determine the hardness of individual particles, as well as its anisotropy in different areas of
the coating, the microhardness measurement method was used in the work.

When choosing the load, we were guided by the fact that the minimum thickness of the
coating should exceed the depth of the impression by no more than 10 times. If the thickness of the
coating is unknown, several measurements were taken, successively increasing the load. If the material
of the base metal does not affect the measurement result, then the obtained microhardness values of
the coating will be close.

Determination of the depth of the riveted layer of the friction surfaces was carried out using
the PMT-3 device. The essence of the technique is that the measurement of the microhardness of the
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friction surface is carried out under different loads on the diamond pyramid from 0.02 HV to 2 HV,
while the depth of the introduction of the pyramid h is determined by calculation:

h=

z
7
where z - is the length of the diagonal of the diamond pyramid imprint.

Metallographic, electron microscopic and X-ray studies.

When choosing the number of samples, their sizes, location and plane of cuttings, they are
guided by the tasks of microstructural analysis. Transverse samples are usually cut out, the plane of
study of which is located perpendicular to the coating.

When cutting the samples, the cutting tool moved from the restored layers to the base metal.
Otherwise, the probability of delamination of the coating increases due to the occurrence of tensile
stresses when the tool reaches the surface. It is required that the samples are not heated to high
temperatures during cutting, as the occurrence of additional stresses caused by the temperature
gradient leads to cracking of the coating or its peeling. In addition, it is possible to change the structure
of the base metal due to heating or defamation.

Polishing was carried out with diamond pastes. Etching of the examined surface - with a 4%
solution of nitric acid to detect the border between the base and the coating.

The structures were studied and photographed on a MIM-7 microscope at magnifications of x
(70-1000) times.

To detect the structures of bronze coatings and cast bronze coatings, cast bronzes were used
pickling agents of the following compositions:

1. Iron chloride - 3,5 1; hydrochloric acid - 35 ml; ethyl alcohol - 75 ml.

2. 10% aqueous solution of ammonia with washing with methyl alcohol.

3. 10% aqueous solution of ammonium persulfate.

The structure of coatings and powders from chromium-nickel alloys was revealed by a 50 %
solution of HCI in alcohol, as well as by electrolytic etching in a 10% aqueous solution of chromic
anhydride.

The structures were studied and photographed on a MIM-7 microscope at a magnification of
(70 - 1000) times. The structure of the steel-molybdenum coating was revealed sequentially by etching
steel particles and molybdenum particles with various reagents. For steel particles, a reagent was used:
30 ml of nitric acid, 40 ml of hydrochloric acid, 40 ml of water; for molybdenum particles - 10 rred
blood salt, 10 ml - caustic soda, 100 ml of water.

Electron microscopic and micro X-ray spectroscopic studies were conducted to establish the
relationship between the conditions of recovery through worn layers, their microstructure and
operational characteristics .

Electron microscopic studies were performed on a UEM 100 ML microscope using varnish
replicas manufactured according to standard methods.

The structure of the surface before and after operation was studied using a SEM scanning electron
microscope at an accelerating voltage of 30 kV in a wide range of magnifications from 20 to 10 thousand times.
To analyze the phase composition of the base metal and coating, X-ray structural phase analysis was performed
on the URS-50 unit.

The amount of residual stresses in the near-surface layers was determined on the DRON-2
installation by the method of repeated oblique surveys in the radiation of a copper anode with a
graphite monochromator. Vacuum-annealed o-Fe and Ni powders were used as a standard. The profile
of the diffraction line was constructed by points. The exposure time of one point was 20 s for ferrite
and 100 s for titanium nitride.

Methodology of bench tests.

In order to determine the influence of different types of strengthening on the durability of the
hydraulic hammer, its parts after strengthening by various methods were tested on the bench (fig. 4).
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We studied the working parts of the hydraulic hammer , which were manufactured and heat-
treated to a hardness of 42-44 HC. Tests were performed on the stand in the amount of 1000 load
cycles. After every 250 cycles, the device was dismantled, inspected and the nature of damage to the
working surfaces was recorded.

After 1000 load cycles, the reduced diameter of the casing channels in the shear zone
increased to the point where 125,3 mmthe strikers in the "N" zone wore out by 0,3 mm, in the " F "
zone - by 0,35 mm. Peak wear is 0.3 and , respectively 1,2 mm.

The initial signs of wear of the working surfaces of the parts in the form of small scratches
appeared at the peak in the "F" zone after 250 load cycles, on the bushing in the "B" zone after
450 cycles, and on the upper parts (the striker and the body), respectively, after 300 and 500 cycles.
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Fig. 4. Test stand hydraulic hammer (general look)

The tested parts of the device were cleaned of soot, washed in kerosene and subjected to
metallographic studies.

The central part of the striker (zone "F") has the appearance of a diameter spot 40 mmwith a
smoothed surface (fig. 5). Around the central spot, ring zones with a relief formed by intermittent
short folds are visible, with a general radial orientation.

Fig. 5. The nature of damage to the Fig. 6. Nature of damage to the
surfaces of the hull and striker surface of the pin and sleeve

The "M" zone, adjacent to the "N" zone, covers about half of the surface. They show the wear
of surface volumes of metal in the form of protrusions and depressions (grooves).

Zone "B" extends to the lower part of the surface, and is characterized by intense metal plating
with the formation of a shiny, smoothed, flaking surface.

Zone "E" is characterized by wear and slander of surface volumes of metal.
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Fig. 7. Striker after operation: wear of the surface

On the cross-section of the case (from "A") it is observed formation nodes seizure metals,
slander and wear and tear surface layer. In zones "B" and "C" defamation and micro cutting metal with
education folded relief, oriented along the channel forming the hull (fig. 6). On the surface of the hull
channel (zone "D") is observed wear, slander and shelling surface riveted layer.

On the surface of the hull channel, there are soot and colors variability (fig. 7).

Character of wear pike and bushings are almost identical damage upper parts. It is noted more
intensive wear and tear peaks in the "M™ and " F" zones in comparison with corresponding zones of

the fight. Quality material of parts.

Table 1 - Mechanical properties material of parts at a temperature of 20 °C

Name detail and | Directly inarow Mechanical and so on properties

samples in o5, MPa oz S, ¥, KCV,

MPa % % 1/cm

1 2 4 5 6 7 8

that 's it 1450-1460| 1360-1370 [14.0-15.0/56.0-59.0| 48
Body and body o ent - tsandalne | 1460 | 1360 1370| 130 | 450 | 4042
that 's it 1440-1450| 1330-1370 [13.0-14.0|54.0-56.0| 34
Because he k tangent - cial  [1440-1490| 1350-1410 [12.0-13.0{42.0-43.0| 34-82
axial 1465-1480| 1370-1390 |14.0-16.0|54.0-59.0 | 4648

Bushing tangent -tsand alne | 1475 | 1400-1410 | 13.0 48.0— 48
Work and tools ( that 's it 1320 | 1250-1260 [16.5-17.0(62.0-64.0| 68-72
p and ka ) tangent - ts and alne [1310-1320| 1250 |15.0-17.0(54.0-56.0| 54-58

Material of the studied parts according to the chemical composition is satisfactory require-

ments operation.

Hardness material corps, fights and of peaks is almost the same in the cross section of the parts

and is:

body - HRC 43-45;
sleeve - HRC 42-44;
Mechanical properties the material of parts was determined on cut samples axial and tangen-
tial directions at 20 °C (table 1). Results tests mechanical properties are listed in table. 2. Analysis of
table 2 allows do conclusion that mechanical properties case material, striker, bushings and peaks at
20 °C satisfy requirements operation
When researching macrostructures it was established that the metal of the parts is dense, de-

fects metallurgical origin absent (fig. 8-10).

fight - HRC 43-44;
p i ka - HRC 39-40.
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Fig. 8. Structural changes Fig. 9. Structural changes
materials of the body and striker materials of picks and bushings

a b
Fig. 10. Macrostructure in the diametrical plane: a - housings; b - bushings

The microstructure is of the sorbite type, uniform in the section of the parts.

Pollution body metal, striker, bushings and pike non-metallic inclusions is almost the same,
and is evaluated with a score of 1.5 GOST 1778-70 scale. They are observed sulfo-silicate and oxide
inclusion.

Study of wear resistance of parts reinforced by detonation spraying

Conditions for strengthening treatment

Detonation coatings, which are a type of gas-thermal coatings, due to their higher characteris-
tics, are increasingly being used in various industries. Due to the highest characteristics (adhesion
strength to the substrate up to 250-280 (MPa) detonation spraying may be better for strengthening and
restoring responsible and loaded parts and assemblies.

It has been established that coatings based on tungsten carbide from powders obtained by the
spheroidization method have the highest adhesion strength with the substrate and high hardness.
This is explained by the fact that the dissolution of WC in Co (Ni) partially occurs already when the
powder is obtained.

During sputtering, this process continues, as a result of which the solid solution has the maxi-
mum degree of saturation.

monocarbide decay occurs, which has a negative effect on the quality of the sputtered coating.
In addition, brittle double carbides CosWsC are formed, which deteriorate the properties of the sprayed
layer. In powders obtained by the spheroidization method, the carbide component is better protected.
Modes of the sputtering process also significantly affect the structural-phase composition of coatings
and, therefore, their properties. The structure of the coating is most strongly influenced by:

- the composition of the working mixture of gases;

- place of introduction of powder into the barrel,
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- the degree of filling of the barrel with the working mixture.

The adhesion strength of combined coatings with a sublayer of VK-25 to the substrate
reaches 200-250 MPa, Rockwell hardness - up to 70 units.

A distinctive feature of detonation spraying is the cyclical nature of powder supply to the sur-
face of the processed part at a speed exceeding the speed of sound. The cyclic sputtering process is
obtained with the help of detonation units, the schematic diagram of which is presented in fig. 11.

The device includes a detonation gun, powder and combustible gas dispensers, and an ignition
system. The protective chamber is formed by a part that is sprayed (4) and two covers (5, 6), one of
which is installed on the barrel (1) of the gun and is equipped with an elastic element. The gun is
mounted on a horizontal movement mechanism (7), it consists of a barrel, a combustion chamber (2)
and an accelerating part (3).

The expansion part is formed by bending the end of the trunk along the radius to a right an-
gle with a conical narrowing at the end with a ratio of diameters from 1/3 to 1/4. The barrel and the
accelerating part of the detonation gun are located inside the sprayed part. The part is rotated by the
mechanism (8). The possibility of detonation spraying of the internal surfaces of parts to increase their
wear resistance is provided.
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Fig. 11. Scheme of detonation devices

The principle of operation of the installation is as follows. From block 1, the gas mixture is
fed into the barrel 5. At the same time, from the powder feeder through the dosing device (block 4), in
specified portions, gas - nitrogen or air - finely dispersed powder is blown into the gas mixture imme-
diately before its ignition, then the gas mixture is ignited with the igniter 2. As a result of ignition and
movement along the channel of the combustible mixture, it explodes with the release of a significant
amount of heat and the formation of a detonation wave, which accelerates and transfers the sputtering
particle 7 through the barrel to the surface of the part 6 at a speed determined by the geometry of the
barrel and the composition of the gas.

The process of forming coatings by detonation spraying is complex and insufficiently stud-
ied. In many ways, it is similar to the process of plasma sputtering. The similarity lies in the fact that
the adhesion of particles to the substrate and to each other can occur in the molten and solid states.
Bonding strength is ensured mainly by sputtering with molten and fused particles, which spread and
crystallize on the surface of the substrate due to chemical interaction.

At the same time, the detonation sputtering process, unlike the continuous plasma sputtering
process, is cyclical, the powder particles are given higher speeds, which determines the features of the
coating formation mechanism.

In detonation sputtering, the speed of particles, unlike plasma sputtering (100-200 m/s),
reaches 400-1000 m/s. Therefore, in addition to thermal activation, a significant influence on the
mechanism and kinetics of the formation of sprayed layers is exerted by plastic deformation in the
zone of collision between the particles and the substrate. However, the main contribution to the for-
mation of coatings during sputtering is made by thermal activation.

The working surfaces of the parts were strengthened by spraying VK25 alloy (80%) and PT-
NA-01 binder (Ni 91%, Al 9%). The thickness of the sprayed layer is 0.1 mm. The surface roughness
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of the parts before spraying was Ra 0.35-2.5. As a result of spraying, the roughness of the working
surfaces of the parts increased to Ra values of 4.8-5.4 on the body and bushing and to 2.8-3.7 on the
striker and pike. The wear resistance of parts reinforced by detonation spraying was studied by means
of bench tests.

The initial signs of failure of the strengthened layer were detected at the peak after 400 load
cycles. Risks-bumps in zones "M" and "F" for the fight, see (fig. 9) appeared after 1300 cycles, on the
sleeve after 1050 load cycles and on the body after 1700 cycles. The tests were carried out in the
amount of 1800 cycles.

Measurements of the tested parts show that the specified diameter of the channels in the cut
zone has increased to 125.2 mm. The striker was worn by 0.25 mm, the peak in the "M" and "F" zones
received wear of 1.2 mm.

Crack formation and characteristics of the structural state of the material of parts

During the test, cracks formed on all the examined parts of the device (fig. 12, fig.13). On the
sleeve, cracks up to 0.05 mm deep are single and are observed only in the "C" zone. Cracks are visible
on the body in zones "A", "B" and "C", with a depth of 0.25 mm, 0.4 mm and 0.1 mm, respectively.
There are no cracks in zone "D". Cracks were also not found on the pique and pique in the "N" zone.
There are cracks with a depth of 0.3-0.4 mm in the "M" zones of the striker and peaks. There are
cracks with a depth of 0.1 mm in the "F" zone of peaks and 0.15 mm - a crack. Cracks were found
both in the zones of structural changes and outside them.

In the working zones of all the investigated parts of the device during the test, almost complete
wear of the detonation coating took place, only in the "M" zone of the case and the bushing are the
remains observed coating up to 20 microns thick. The same single plots are on the battlefield in zone
"F

In the damage zones of all parts, structural changes of the base metal were detected. Structural
transformations are observed on the body and sleeve in zones "A" and "B" to a depth of about 0.2 mm
on the body and 0.15 mm on the sleeve.

Fig. 12. Structural changes material of the case and striker, strengthened detonation spraying
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Fig. 13. Structural changes material pike and bushings, strengthened detonation spraying

Hardness the material of the parts is: sleeve — NRS 43; pika - NRS 33-40; corpus - HPC 42-
43; fight - NRS 43.

Microstructure the material of fine-dispersed sorbite-type parts buildings.

The results tests mechanical properties the material of the tensile parts is given in (table 3).
From table 2 it can be seen that mechanical properties material peaks after the test is not complete
satisfy to the requirements that are presented.

Table 2 - Mechanical material properties of reinforced parts by detonation on sawing

Direction Mechanical properties
Name details trimmings of o o
Samples G, MPa 00_21 MPa 8, ) \P, 0%
axial 1480-1490 1350-1360 14.0 49.5
corps
P tangent - cial 1490 1360 11.0-12.0 39.0
fight axial 1490 1390 12.0 39.0-42.0
9 tangent - cial | 1480-1490 | 1360-1390 14.0 51.0
. axial 1470-1480 1390-1400 12.0-12.5 45.0
bushing .
tangent - cial 1480 1400 13.0-14.0 52.0-54.0
axial 1320-1325 1250 15.0-16.0 54.0
physiognomy -
tangent - cial 1310 1230-1240 13.0 42.0-47.0
Conclusions

1. The test results of parts reinforced by detonation spraying show that an increase in wear
resistance is achieved by 1.8 times compared to the original (not subjected to special strengthening)
version.

2. Location of damage zones and their character on the details, strengthened detonation
spraying, similarly observed on parts manufactured without additional strengthening

3. Damage to parts consists in wear and sprayed cover, slander, formation burr furrows.

4. Structural changes that observed in the surface layers of details, characteristic of phenomena
secondary hardening
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MNIJIBUIIEHHS 3HOCOCTIMKOCTI BIIHOBJEHUX JETAJIEH IMMOKPUTTIM
13 BACTOCYBAHHSIM MOJU®IKYBAHHSA BTOPUHHOKO CUPOBUHOIO?

Pynenxko M.B., ct. rp. MC-3611-21, XHAAY

Anomauisn. Posensinymo cnoci6 mooughixyearts 3 6UKOPUCTMAHHAM MASHIMHOL CKI1A0080I 6MOPUH-
HOI cuposuHu OJisl SMIYHEHHSI Md BIOHOBIeHHs NOBEPXOHb 3HOULEHUX Oemaiel, 8U20MOBIeHUX 3 HU3b-
KOe208aHUX Md 8y2ieyesux Mapox cmanei. J{ocnioxiceHo eniue mexmonoii MoOuQiKy8anHs nok-
pummsi MA2HiMmHOI CKAA0060I 0eMOHAYIUHOT WUXMU NPU HANIAGNIEHHI HA CMPYKMYpy, meepoicmb
ma 3HOCOCMIUKICIG 8I0H06IEeH020 wapy. Bcmanosieno, wo 3acmocy8ants 3anponoH08aH020 Cho-
coby 30invutye 3nococmilikicms 8ionosaeHoi demani na 25%.

Knrouoei cnoea: naniasxa, Hu3bKoLe208ani CMai, 0eMOHAYIUHA WUXNA, MACHIMHA CKAA008d, 3HO-
cocmitKicmeo.

INCREASING THE WEAR RESISTANCE OF STRENGTHENED AND
RESTORED PARTS BY COATING USING MODIFICATION WITH
SECONDARY RAW MATERIALS

Rudenko M.V, st. of gr. MC-31-20, KhNAHU

Abstrac. The method of modification using the magnetic component of secondary raw materials for
strengthening and restoring the surfaces of worn parts made of low-alloy and carbon grades of steel
is considered. The effect of the technology of modification of the coating of the magnetic component
of the detonation charge during surfacing on the structure, hardness, and wear resistance of the
restored layer was studied. It was established that the use of the proposed method increases the
wear resistance of the restored part by 25%.

Key words: surfacing, low-alloy steels, detonation charge, magnetic component, wear resistance.

Beryn

B nmanmit yac y peMOHTHOMY BUPOOHMUTBI Ui BUPOOIB 3 BYIJIELIEBMX HHU3BKOJIETOBAHUX
cTasiell, 0COOJIMBO CXWIBHHUX O IHTEHCUBHOTO 3HOCY 1 pyHHYBaHHSA poOOYMX NOBEPXOHb, €hEKTUB-
HO BUKOPUCTOBYIOTHCSI TEXHOJIOTIT BiJIHOBIICHHS JieTalei HarIaBIeHHsIM. J{s miABUIIEHHS TBEPIO-
CTi, Kapo- Ta KOpO3ifiHOi CTIMKOCTi 3HOLIEHOI MOBEPXHI CTAJEBUX Ta YaBYHHUX NeTajeil MaIluH
IPOBOJATH HAIJIABJICHHS HU3bKOBYTJIELIEBOIO CTAIUIIO, 3 IO JAIBLINM €JIEKTPOIITHYHUM OOPYBaHHIM
HaruiaBjeHoro mapy . OfHak, Takui crnoci® GpopMyBaHHS HAIUIABICHOTO IIapy MPU3BOJIUTH A0 30i-
JIBIICHHS YaCTKM HEMETAJICBUX BKJIIOUEHbB, SIKI B YMOBax €KCILIyaTamii cXuibHi 10 (apOyBaHHS Ta
JOJTATKOBOTO a0pa3MBHOIO 3HOCY, @ TaKOX CIPHUSIOTH IOIIKO/KEHHIO POOOYMX TOBEPXOHb.
Kpim TOro, npu miZiBUILIEHH]I TeMIIepaTypyu B OCEpEIKY TEpTs TaKi HeMeTalleBi BKIIOUYEHHS OyIyTh
KOHIICHTPATOPaMH HaMpYTH.

[IpononytoThes pi3Hi crocobu GopMyBaHHS JETOBAHUX 3HOCOCTIHKMX MOKPHUTTIB, HaHECE-
HUX SIK CyUUJTBHUM IIApPOM, Tak i po3TalloBaHMX OCTPOBAMM Ha MOBEPXHi AeTajei. Aje BiOMi cIio-
cobu He 3a0e3MevyoTh PIBHOMIPHOTO CTPYKTYPOYTBOPEHHS 1 OJHOPIMHOI KOHIEHTPAIIT JIETYIOUHX
KOMIIOHEHTIB Iepepi3y HalIaBIeHOro mapy.

Haii6inpm nmomupeHnMH Ta akTyaJbHUMH Ha JaHWHA MOMEHT € TeXHOJIOTii MOIU(iKyBaHHS
MOKPUTTS B TPOLIECI HAIUTABIICHHS TIJBHINCHHS MEXaHIYHUX BJIACTUBOCTEH HAHECEHOTO IMIapy.
BukopucranHsi BTOPHHHOI JIETOHANIHHOT CHPOBUHH JiJIsi MOAN(DiKYBaHHS MOBEPXOHb € e(PeKTHBHUM

8 PoGoTa BuKOHAHA T1i/1 KEPIBHUIITBOM CTapuIoro Bukinanaua Omensuenko JI.B.
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HaANPSMOM JIOCTIDKEHb, OCKIJIBKH HEe MOTpeOye JOJATKOBHX BUTpAT Ha Horo onepkaHHs. Taka cH-
POBHUHA € pe3ylbTaTOM YTHIi3allii OOempHIracis, MO BiACIYXHIN TePMiH 30epiraHHS Ta BUKOPHC-
TaHHS.

MeTa Ta 3aBJAHHSA TOCTiIKEeHHS

MeToro poOOTH € JOCHIKEHHS MOMJIMBOCTI BUKOPUCTAHHS MAarHiTHOI CKJIaJ0BOi JETOHa-
[IAHOT IIMXTH BiJ yTHIi3allii OO€NpHITaciB SK MOPOMIKOBA MOIN(DIKyIOYa KOMIO3HIIIS TPH HaHECEeH-
Hi MIOKPHUTTS I 3a0€3MIeUYCHHS BITHOBICHHS Ta ITiABHUIIICHHS 3HOCOCTIMKOCTI BHPOOiB

Jlo 3aBaHb JOCHIPKEHb BXOJWIO BUBYCHHS PI3HUX CIIOCOOIB BiJHOBJICHHS TIOBEPXHI BHUPO-
0i1B HaIUIaBICHHSM, aHaJi3 BIUTMBY MAaTHITHOI CKIIQJOBOi JETOHAIIHHOI MINXTH Ha XapaKTePHUCTUKH
TepTs, 3HOCOCTIHKICTh, TBEPIICTh, a TAKOXK BCTAHOBJICHHSI BIUTMBY 3aIlIPOMIOHOBAHOTO CIIOCO0Y HaHe-
CCHHJ MOKPUTTS Ha CTPYKTYpPY METaly BiJHOBJIEHOro ab0 3MIIIHEHOTO IIapy Ta OIMiHKA PO3MOJiITY
KOMIIOHEHTIB MPH BBEACHHI Takoi MOAN(DIKYIOUYOI MPUCAIKH.

MeToauka Ta pe3yabTaTH J0C/iIKeHb

Jlnst BiTHOBIIGHHS TOBEPXHI 3HOIIEHWX BUPOOIB BUKOPHUCTOBYBANH KOMOIHOBaHWU CITOCIO
€JIEKTPOyrOBOI'0 HAIUIABICHHS Ta MOAM(DIKYBAaHHS HAIUIABICHOI'O MIapy NETOHALIMHOI LIMXTOIO,
oTpUMaHoi BiJ yTumizanii 6oenpunacis. Ha cnenianbHO MiATOTOBIEHY MOBEPXHIO JETaNl MPH BiAHO-
BJICHHI HAHOCWJIM TOKPHUTTS €NEKTPOAOM 3 BYTJIEIEBOI CTaJi 3 OJHOYACHUM MOJU(IKyBaHHIM 1 BH-
KOPHUCTaHHJIM MarHiTHOI CKJaJ0BOi AeTOHaWiiiHOl muxTHu B KinbkocTi 10 - 15 %. Ximiunuit ckmag
¢paxuii: C — 2,87 — 4,5 %; Cu — 0o 6,10 %; Fe — inmre. 3 NUX KOMIIOHEHTIB CKJIAAa€ThCS JETOHA-
Ii}HA [ITMXTAa, KA BKJIIOYAE: OKCUM 3a1i3a, Mijli Ta TUCIIEPCHI aJiMa3H, a TaKOX rpadir.

Jlnst cnoTBOpeHHsI BIUTMBY MOAM(IKYBaHHS IPY HAIUIABJICHHI HA Pi3HI TUIN HOKPUTTIB Oymn
MPOBEJICHI MOPIBHSIBHI BUNPOOYyBaHHA. BiTHOCHY 3HOCOCTIHKICTh Pi3HUX CIOCOOIB BiJTHOBIICHHS Ta
MoIn(iKyBaHHS IIOBEPXOHBb 3HOIIEHUX JeTalei MPOBOAMIH Ta OLIHIOBAIH 38 TPhOMA BapiaHTaMHU:

-HaraBleHHs enexTpogoM E46 6e3 BBeneHHS 100aBOK, 0 MOAU(IKYIOTH;

-HamIaBleHHs enekTponoM E46 3 00Ma3k0r0 MarHiTHO! CKJIaOBOI IETOHAIIHOT IIUXTH Bifl
yTHITi3a1ii 60enpUIIacis;

-HaIUIaBJICHHS 13 3aCTOCYBaHHSM IUTIKEPHOTO MOKPUTTS Ta 100aBKOIO MarHiTHOI CKJaJI0BOi
JETOHALIIHOI IHUXTH.

Jlist BU3HAYCHHS TPUOOJIOTIUHUX XaPAKTEPUCTHK BIJHOBJICHOTO IIapy HAIUIABJICHHAM OYJIU
MPOBEJICHO BUIPOOYBAaHHS Ha 3HOIIYBaHHS MaiuHO0 Tepts CMI - 2 3a cxemoro bpinemns (auck-
KoJojka). Sk cepemoBuiie BUMIPOOYBaHb IS 3pa3KiB OyJI0 OOpaHO KBapIOBUU IMCOK (PAKIIiE0
0,25 - 0,4 MM, sxuii 6e3nepepBHO MOJaBaBCs B 30HY TepTsA. B SKOCTI KOHTpTiNA ISl 3pa3KiB BUKO-
pUCTOBYBaJIM JUCK giamerpoM S0mM, sikuii BurorosieHuit 3 ctami X18H10T. HaBantaxkeHHs Ha
3paszku ctaHoBwio 100H Ha nursix Teptst 100M Ta nmpu MIBUAKOCTI KOB3aHHS 785 M/C.

JUis BUMIpIOBaHHS BEJIWYMHM 3HOLIYBAHHS 3pa3KiB BUKOPHCTOBYBAJIM J1a0OpPaTOpHI Baru
mapku WA-200. [IpoBeneHi BUITpoOyBaHHS HA 3HOC Y CEPEIOBHIL KBapIIOBOTO MICKY IMOKAa3alH, 110
HAIUIABJICHHS eJIEKTpoaoM 946 3 Monu(ikyBaHHSM HOTO MOKPUTTSIM MAarHiTHOI CKJIaJI0BOi JieTOHA-
MIHHOT MMXTHU 301IbIIyE 3HOCOCTIUKICTh BigHOBIIEHOT Aetaini Ha 25 %. [lpu mpomy maHuii Tum Ha-
IUIaBJICHHS TAKOXK 1CTOTHO 3HMIKY€E 3HOC JIeTalel, o croiydatoTecs Ha 37 %.

3 OTpUMaHUX JaHUX BUIUIMBAE, 110 J100aBKa MAarHiTHOT CKJIAJOBOI AETOHAIIMHOT IIUXTH BH-
IISA01 OUTIKEPHOTO TMOKPHUTTS MPH HaIlJIaBJICHH! TPOXM 3HMKYE 3HOcocTiHKicTh (10%) BimHOBIEHOT
JeTali 1 TpOXHU MiJABUIIYE 3HOC KOHTpTLIA (Ha 4 %). Takuii edexT MoB'sI3aHUM 13 HEOAHOPITHUM 3a-
CBOEHHSIM TPUCAJIKH, SIKa HEPIBHOMIPHO PO3MOJILISIE BITHOBICHOTO IIapy.

[IpoBeneHi DOCHIIKEHHS TOKa3aJd, 10 3MiHA MTOKPUTTS MarHiTHOI CKJIaJI0BOI A€TOHAIIHHOT
IIUXTU CYTTEBO 301IIBITY€E 3HOCOCTIHKICTh BigHOBIEHOI getani. OqHak BBeIeHHS JO0OABKH y MUTIKEp-
HE TIOKPUTTS HE MPU3BOJUTH JI0 OaKaHOTO pe3ynbTary. J{s AoCHiKeHHS CTPYKTYPH METaly HaHe-
CEHOTO IIapy Ta OJHOPIIHOCTI PO3MOJIIY KOMIOHEHTIB MOAU(IKYIOUOT KOMITO3HIIIT Y TOKPUTTI BU-
KOPHCTOBYBaJIHM MiKPO PEHTT€HOCIIEKTPAJIbHUH aHali3, SIKUHA IPOBOAMIN Ha PacTPOBOMY E€JIEKTPOH-
HoMy Mikpockori JOL JSM-6390LV npu npuckoprotouiii Hanpy3i 20kV. [ocnimxeHHs Bci€el mose-
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pxHI ipoBoauiH 31 30imbpmenas M 1o 500 kpat. JIokanbHHI aHai3 3M1HCHIOBANN 332 BETUKUX 301)Tb-
meHasx 10 10000 kpar.

[TpoBeneHMMHU IOCIHIPKEHHSAMHU OYJIO BHSBJICHO, IO CTPYKTypa HAIUIABICHOTO MOKPHUTTS
enekTponoM 346 Oe3 BBeaeHHs 100aBOK, M0 MOAU(IKYIOTh, MICTUTh BEIUKY KiJIbKiCTh BKIIOYECHb
(puc. 1, a), ximiunmii ckinan skux Hactymuumit: Al - 0,67 %; Si — 7,91 %; Ti - 1,52%; Mn —
10,64 %;Fe — 79,25 %.

’
=

o\ )

Puc. 1. Hemeranesi BKIIFOUeHHS MTPU HaIIaBleHHI 6e3 MmonudikyBaHHs X 100

Taka HeoTHOPIAHICTH XIMIYHOTO CKJIAAy OTPUMAHOTO HAIJIABICHOTO MOKPUTTSI HETaTUBHO
BIUIMBA€ Ha BIACTHBOCTI BiHOBJEHOI MOBEPXHI Ta MPHU3BOJUTH 10 3HWKEHHS 3HOCOCTIHKOCTI.
IcToTHUMIT BHECOK Y HE3aOBIIbHY SKICTh HAILIABIEHOI MIOBEPXHI POOUTH 1 JEHAPUTHA CTPYKTYpa

[IpoBenennM aHamizoM YOTUPHOX 30H JiTaidH (BiJHOBJICHOIO 13 3aCTOCYBAaHHSM HUTIKEPHOTO
MOKPUTTS Ta TOOABKOI MarHiTHOI CKJIAJIOBOi IUTOHAIIIMHOI IIMXTH): HAIUIABJICHHS, MEPEXiTHOTO
mapy, 30HA TEPMIYHOTO BIUIMBY Ta OCHOBHOT'O METaJly BCTAHOBJICHO, IO JAaHWH METOJ JOUIIHHO
BUKOPHUCTOBYBATH Il HAIUTABJICHHS Ha BUPOOM 3 HU3BKOJETOBAHUX CTAJEH, TOMY IO HOTO JIETKO
KOPHUT'YBaTH 32 3MiCTOM MPHUCAOK, 10 BBOAATHCS .

[Ipu HamnaBiaeHHI eaeKTpoaoM 346 3 00Ma3KOK MAarHiTHOI CKJIAJOBOI ACTOHAIIHHOT ITUXTH
3a0e3MevyeThCs MiABULIEHHS 3HOCOCTIMKOCTI BUPOOY 3a paxyHOK 301bIIEHHS MiKPOTBEPAOCTI MOK-
putts 3 H-50-230-240 no H-50-260-275, 3MeHIIeHHsT po3Mipy 3€peH Yy BigHOBIeHOMY miapi 3 40-
60 MxM 10 15 — 20 MKM.

Y xomi mocmiimkeHbp OylnO BCTaHOBIIEHO, IO NP BUKOPHCTAaHHI MOJU(DIKYOUOi T00aBKH
mermie 10% 9acTHHM APOTY JUIS HAIUIABJICHHS HE AOCSTAETHCS PIBHOMIPHOTO MO/PIOHEHHS 3€peH, a
oinbiie 15% crpusie mosiBi HeMeTaleBUX BKIIOYEHb 32 PaXyHOK YaCTKOBOTO PO3YMHEHHS OKCHJIIB,
IO BXOJATH JO CKJIaJy Takoi BTOPMHHOI IIMXTH. BBelEeHHS MarHiTHOI IIMXTH NpPU HAIUIaBJICHHI
3HWKYE piBEHb HANPYT (OLIHEHO 3T1THO 3 MOKA3HMUKAMU KOSPIUTUBHOI CHIIN), SKHH 3MEHIIYETHCS B
1,2 - 1,4 pa3u B MOpiBHSIHHI 3 MOKPUTTAM Oe3 JogaBaHHs Moau(dikaropa.

BucHoBku

Y po0oTi MOPIBHAHO JOCIIKEHO TPU Pi3HI CIIOCOOM BiJHOBJICHHS JeTajcii HarlaBICHHAM
Ta OIIHEHO MOJKJIMBICTh 3aCTOCYBAaHHS MAarHITHOI CKJIaJIOBOI NETOHAIIMHOI IMIMXTH BiJ yTHITi3alii
Ooerpunacis sSK MOPOIIKOBa MOAH]iIKyIOYa KOMITO3HIIISI P HAHECEHHI MOKPUTTS ISl 3a0e31edeH-
HSl BiTHOBJICHHSI Ta 3MII[HEHHS BHPOOiB, BUTOTOBJIEHUX 3 HU3bKOJIETOBAHUX Ta BYTJIEIEBUX MapoK
cTajnei.

[IpoBeneHo mocnigpkeHHs! BIUIMBY MOAM]IKYBaHHS Ha TBEPAICTb, 3HOCOCTIMKICTh Ta CTPYK-
TYpy BIJIHOBJIICHOTO IIapy. AHANI3yI049l OTpUMaHI pe3ylbTaTH, MOXHA 3pOOUTH BUCHOBOK IIPO T€,
110 croci® HaruTaBlieHHS 3 T0OABKOIO MarHiTHOI CKJIAJIOBOT JETOHAIIIHOT IIMXTH J03BOJISIE KOPUTY-
BaTH CHOXHBYI SIKOCTI BiIHOBJIEHOI MOBEPXHi BUPOOIB Ta MIABUIUTH IXHIO 3HOCOCTiHKICTh Ha 25 %
3a paXyHOK 3MEHIIICHHsI pO3Mipy 3epeH y 3 pasu, 3HmKeHHs Hanpyra y 1,2 - 1 ,4 pa3u Ta miJ[BUIICH-
Hs TBepaocTi Ha 15 %. Ile 103B0JIsI€ IPOAOBKUTH TEPMIH €KCILTyaTallil Ta YHUKHYTH [epea4acHOTO
pYHHYBaHHSA JeTajei.
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VJIK 669.017

BUKOPUCTAHHSA AYCTEHITHUX CTAJIEM 115 BITHOBJEHHSA JIETAJIENR
ABTOMOBUIIB

Meabauuenko O.A., npogecop, Tkau P.P., crynenr
Haniona/ibHUI TPpaHCNIOPTHHUI YHIBepcuTeT

Anomauia. Cmamms npucesiuena npobiemi po3uuperts GUKOPUCIAHHS AYCMEHImHUX cmanei Ol
BUSOMOBGTIEHHSL MA GIOHOGIeHHs demaiell aémomooinis. Busnaueno npuuunu noninuierus oopoorosa-
HOCMI, WO NOAA2AIOMb Y NONEPEOHbOMY GUKOHAHHI YACMUHU POOOMU PI3AHHS NIACMUYHUM De3Cmpy-
HCKOBUM OepopMYBaAHHAM.

Knrouoei crosa: aycmenimui cmaii, Xxo100Ha naacmuiua degopmayis, oopod.I08anicms, OUCIOKAYil,
napamazHimHi 61acmueoCcmi.

USE OF AUSTENITE STEEL FOR RESTORATION OF VEHICLE PARTS

Melnichenko O.A., PhD., professor; Tkach R.R., student
National Transport University

Abstract. This paper addresses problem of expanding the use of austenitic steels for the manufacturing
and restoration of vehicles parts. It determined reasons for improvement of workability, which consist
in preliminary execution of part of the work of cutting by plastic chipless deformation.

Key words: austenitic steels, cold plastic deformation, workability, dislocations, paramagnetic proper-
ties.

Beryn

AyYCTeHITHi cTaji MaroTh psil cueunpivHuX YHIKaJIbHUX BiacTUBOCcTed. Cepen SKUX: KOpO3iii-
HO-, JKapo- Ta 3HOCOCTIMKICTh, HEMArHiTHICTh, BUCOKA TIACTHYHICTh. L{i cTali 3acTOCOBYIOTHCS TpU
BUTOTOBJICHHI TaKHX JETalsX, SK: 3yOlli KOBIIIB €KCKaBaTOPIB, MOKH KaMeHEeIpOOapOK, CTPLIKOBI
pENKOBI XpECTOBUHHU, JIOMATKH Ta30BUX 1 MapOBUX TypOiH, pOTOPH MAapOBHX 1 ra3oBuX TypOiH, Opo-
HBOBaHI TUIMTH, JETalli TPAHCIIOPTHUX 3ac00iB: BUIYCKHI KOJIEKTOPH, TIIyITHUKH, KapOIOpaTOpHi rod-
KM, KJIANIaHHI TJIACTUHH KOMIIPECOPIB, IEKOPaTHBHI €IEMEHTH Ky30BY Ta CaJlOHy aBTOMOOUIA. Y TOH
JKe Jac ayCTeHITHI CTalli MarOTh BKpail HU3bKY 00OpOOITIOBaHICTh Pi3aHHSM.

AHaJji3 myOaikaunii

Ha nomninmenHst o6po0II0BaHOCTI BUKOPHUCTAHHSIM TONEPEIHBOI0 XOJOJHOTO IJIACTUYHOTO
nepopmyBanns (XII1) BkasyBanmu Oarato BueHux, cepen sikux S.I. Ycauwos, E.K. IlocBsirenko,
O.M. Pozen6epr, S1.5. Hemuponcekuii, E.N. Trent, H.E. Enahoro [1-5] V Toi1 ke 4yac nociimkeHHs
MOIIEPEHNKIB HE Malyd CUCTEMHOI'O XapakTepy, CTOCYBAIMCH JIMIIE HANPAMKY IOMIMNIIEHHS 00po0-
JIFOBAHOCTI TUIACTHYHHUX MAaJOBYIJICLIEBUX 1 HU3BKOJIETOBaHUX cTaneil. Takoxk y HaykoBiil jiTeparypi
HEJOCTaTHBO 1H(OPMAIIIT 11100 3aCTOCYBaHHS ayCTCHITHHUX CTaJCH IMic/as XOJNoaHol aedopmarii mis
BiJTHOBJICHHS JieTajiell aBTOMOO1ITiB. TOMY akTyanbHHM € MOIIYK NUISIXiB 00pOOKH ayCTEHITHUX CTanel
Ta KIOYOBUX (PaKkTOpiB, 10 BIUIMBAIOTH HA 0OPOOIIOBaHICTh UX MaTepialiB 1 BUOIp MEPCHIEKTUBHUX
METO/IiB MOJIIIIEHHs 0CTaHHBOT 3a paxyHok XI1/I. 3'sicoBaHa CyTTEBA POJIb TBEPAOCTI Ta IJIACTHYHOC-
Ti AyCTEHITHHX CTaJei.

JaHi aHalizy A03BOJIMIIM BCTAHOBUTH HEBHPILIECHI NUTAHHS JTaHOI MIpeaMeTHOI o0nacTi i yka-
3aJM Ha iCHyBaHHS MOXKJIMBOCTEH 3HAYHOIO IiABHIICHHS OOPOOIIOBAHOCTI AeTaneil aBTOMOOLIIB i3
ayCTeHITHUX cranen nursxom XTI/,
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Tomy memoro Hamoro NOCITIKEHHS € TOJIMIIEHHS BIACTHBOCTEH BiJHOBIIOBAHUX AeTalel
aBTOMOO1JTIB, BUTOTOBJICHHX 13 ayCTEHITHUX CTallel, IUIAXOM MONePEAHBOT0 iX 3MIITHEHHS XOJIOIHUM
TUTACTHYHHUM J1e()OPMYBaHHSM.

o6 mocsartu mocraBiaeHoi MeTH HEOOX1IHO BUPIMIMTH Taki 3aBIaHHS: BU3HAUYUTH POJIb JTUC-
JIOKAIIIfHOTO MeXaHi3My Ta ()a30BUX CTPYKTYpHHUX IEPETBOPEHb, iHimiioBanux XI1/I, Ha 06pobaroBa-
HICTh ayCTEHITHUX CTajlell; BCTAHOBUTH BIUIMB monepenHboi X1/ Ha MexaHiuHy 0OpoOKy ayCTeHiT-
HUX CTajeil; po3poOMTH MeToA NeQOpMalifiHOTO 3MIIIHEHHsS IUIACTUYHHUX METaJleBHUX MartepiajiiB
XII[; moOymyBaTH OCHOBY THUIIOBHX TEXHOJIOTIYHHX IMPOIECIB I BUPOOHHUIITBA 1 BITHOBIICHHS J€Ta-
JIeit aBTOMOOLTIB 13 ayCTEHITHUX CTaJeH.

Pe3yabTaTn q0caitkeHs Ta iX 00roBopeHHst

Po3pobiierno MeTos 06’€MHOTO XOJIOAHOTO TUIACTHYHOTO JAeOpMyBaHHS METaJICBUX Marepia-
JiB, SIKMH MOJSTA€E y TOMNEPEYHOMY CTHUCKAHHI HWTIHAPUYHUX 3arOTOBOK MEPHEHIAMKYISAPHO OCI.
[Ipu cunax crucuenHs no 63 MH 3abe3neuyerscs BenununHa aedopmanii 1o 90%. Bukonanum pocmi-
JOKCHHSIM YCTaHOBJIGHA POJIb 30LUIBIICHHS TYCTHHH IUCIIOKAIliii Ha ONWH-IBA MOPSIKHA Ta (a30BUX
CTPYKTYPHHX TEPETBOPEHD «ayCTEHIT-MapTCHCUTY, 1HIIIHOBAaHUX XOJOAHOK IUIACTHYHOIO Jedopma-
€0, HAa TOJIMIICHHST 00pOOIIOBAaHOCTI ayCTEHITHUX CTajleil 3a paxyHOK MOJIMIICHHS KOHTaKTHHUX
MIPOIIECIB Ha TepenHii MOBepXHi IHCTPYMEHTY, 30KpeMa 3MEHIIEHHS MOBHOI JIOBXKWHU KOHTAaKTy Ha
50-60% i cepenuboro koedimienta Tepts 3 2—2,5 mo 0,9-1,5. JIns migTBepaKeHHs] CTPYKTYpHHUX 3MiH
AyCTEHITHUX CTajell BUBUCHO 3MiHY 'YCTHHHU JTUCIIOKAIil 32 OTIOMOTOI0 €IEKTPOHHOTO MIKPOCKOITY
PEM-106 1 (puc. 1) Ta 3miny ¢a30Boro ckiaay Ha peHTreHiBchbkomy audpakromerpi Rigaku Ultima
V.

Puc. 1. Hocnigxenns ryctunu auciokaniii Ha PEM—106 1

HactymHuM etanoM BUKOHYBaJUCH JTOCTiKeHHs BIunBy XI1/[ Ha 3MiHy nmapamarHiTHUX Biia-
CTHBOCTEH ayCTEHITHUX cTayiel. B pe3yibraTi 4oro Oysio BCTAHOBIEHO MO3UTHBHUM XapaKTep CTPYK-
TYPHHX NIEPETBOPEHDb MApaMarHiTHOro CTaHy y 4acTKoBo (hepomarHiTHui mig xiero XI1/I, mo crnpusiio
MIiJBUIIICHHIO 00POOJIIOBAHOCTI ayCTeHITHUX cTayiell. KoepluTuBHa cujia Ta MarHiTHa iHIYKI[S CTai
12X15T'9H/T nocnimkyBanuch 3a gornoMororw koeprurumeTpa IKC8-3 ta miniteciomerpa TITY.

[onepenne X111 no3Bonse OTpUMATH CHPUATIMBI IS HACTYITHOTO HPOLIECY MEXaHigyHOiI 00-
pOOKHM CTHUCKYIOUi HampyXeHHs. BennunHa MuX HarpyKeHb MEePEBUIIYE MEXKY TEKy4OCTi 3MIITHEHUX
aycreHiTHUX ctaned y 1,5-3 pa3u. CTHCKYIOYi 3aJIMIIKOBI HAIPY)KEHHS OCOOJIMBO Ba)KJIUBI TAKOX 1
JUI1 QOpPMYBaHHS MOBEPXHEBUX 3aXMCHUX IIAPiB (MIOKPUTTIB) MPH BUTOTOBIICHHI Ta PEMOHTI AeTanei
13 ayCTEHITHUX CTaJIeH.

[Ipu HaHECEHHI MOKPHUTTIB HA 3HOIICHI JeTaji aBTOMOOUIIB METOJaMM 1H)XEHEpil MOBEpXHi,
SKi JJO3BOJISIFOTH OTPUMYBATH TOBEPXHEBI IIapH TOBIIMHOIO MOHAR 0,5—1 MM, akTyaJbHHM CTa€ IH-
TaHHA 3JIMIIKOBUX HANPY>KEHb Y MOBEPXHEBUX HIapax. sl mOBEpHEHHs MOYaTKOBUX EKCIUTyaTallii-
HHUX BJIACTHBOCTEH ayCTEHITHHX CTajJed CJiJ PEeKOMEHIyBaTH CepeIHbOTEMIIEpaTypHE BiAITyCKaHHS
(temnepatypa HarpiBaras 350—500 °C). Oco0JIMBICTIO CTPYKTYPH € IJIACTUYHICTh ayCTEHITY 1 3epHU-
cta hopma kapOigHuX (ha3.
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Ha prc. 2 HaBoIATECS 3MiHH OCHOBHHX MeXaHIIHUX BiactuBocTei ctam 08X 18H10 micms ce-
peaHboro Bimmyckanus. Ilepen BiamyCKaHHsIM cTaib OyJI0 MimaHo XoaoaHid aedopmarii (¢ = 67 %)
Ta HU3BKOIIBH/IKICHIA MeXaHi4Hii 00poOi (v = 26,5 M/XB).
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Temneparypa suycky, °C

Puc. 2. 3Mina MexaHIYHUX XapakTepucTUK aycTteHiTHOI ctani 08X 18H10 Bin Temnepatypu
Bigmyckanss. LLITpuxoBumu JiHisIMA OOMEXEeHa peKOMEHI0BaHa 00JIaCTh TEMIIEPATyp
CepeIHBOTO BiITyCKaHHS

BucnoBok

B pesynbraTti BUKOHAHUX JOCTIIKEHb PO3POOIIEHO 1 3aIPOTIOHOBAHO T BUPOOHUIITBA TEX-
HOJIOTI}0 BUTOTOBJICHHS Ta BIJHOBJICHHSI JETaJcii aBTOMOOLIIB 32 HACTYITHOKO ITOCIIiJOBHICTIO OCHOB-
HHX ONepalii: XoJI0/IHe IIacCTHIHE Ae(hOpMyBaHHS — MEXaHIi4HA 00POOKa — IIOBEPHEHHS TOYaTKOBUX
BJIACTUBOCTEH JeTallel CepelHIM BiIITYCKaHHIM Y 3aXHMCHOMY CEpPE/IOBHIIII Ha OCHOBI aprony. TexHo-
JIOTisl PEKOMEHJIY€EThCS JUIsl AeTalel Ta30po3MoAiIbuoro MexaHi3My, HaJlyBy JU3EIiB, XOJ0BOI Yac-
THHH, 30KpeMa I'yCEeHUYHOI, CHCTEM BUXJIOITY BiAINpaIlbOBaHUX T'a3iB TOIIO.

Jlitepatypa

1. Trend Edward M., Wright Paul K. Metal cutting. Boston: Butterworth—Heinemann, 2000.
446 p.

2. Enahoro H.E. Effect of cold-working on chip formation in metal cutting. Ann. C.S.R.P.,
1966. Ne3 (13). P. 251-261.

3. Pozen6epr A.M., Pozenbepr O.A. MexaHnika miacTuaHoro aeopMyBaHHs B Ipolecax pi-
3aHHS Ta Jedopmyrodoro npotsryBanHs. Kuis: Hayk. mymka, 1990. 320 c.

4. Tlocesarenko E.K., Akcbom [1.A. , Bynsk P.B. OcHOBHI HanpsMKu TOJIMIICHHS 00po0It0-
BaHOCTI JleTallel i3 ayCcTeHiTHUX cranei // BicHuk HamioHanmsHOro TpaHcnopTHOro yHiBepcurery. Ce-
pist: “Texuiuni Hayku”. Hayk.-texH. 30. K.: HTY, 2016. Bum. 1 (34). C. 370 — 377.

5. Tmxenepis neraneit, o0pobnenux nporsarysanusM / E.K. [Tocearenko, S1.5.Hemuposcrkuii,
C.€. llletikin Ta iH. Kponusauuekuii, 2021. 466 c.



94

VIK 669.141.24

IIBUJIKICHUI BIAMAJ XOJOJHOKATAHUX IOJIOC I3
AJIIOMIHIEBUX CILJIABIB®

HNanunaenko O.C., ct. rp. MC - 41-19, XHAY

AHHOmMauus. YcmanogneHvl onmuMaibHble Napamempsbl CKOPOCHHOZ0 PENCUMA HEeNPepbleHO20 PeK-
PUCTATTUZAYUOHHO20 OMACUSA MOHKOJUCTHOB020 XOJOOHOKAMAHO20 NPOKAMA U3 0eqhopmupyemvix
antomunuesvix cniasos ( AHI, AMy, AMe3) ona nonyuenuss MA2KO20 COCMOAHUSL CO CBOUCMBAMU, CO-
OMBEMCMBYIOWUMU NOTYYEHHBIM NOCAE MPAOUYUOHHO20 PA3YIAPOUHSIIOUE20 OMICUSA 8 CAOOUHBIX Ne-
yax. Onpedenen unmepean (om 10 0o 15 %) cmenenu mexanuuecko2o HaAKIena OMONCHCEHHO20 CHAA-
6a AJll ¢ yenvio noayyeHus oNMUMAILHBIX NOKA3amenell NOGbIUEHHOU NPOYHOCIMU 8 COYeMmAanul ¢
00CMAmMOYHOU NAACMUYHOCIBIO OJISL B03MONCHOCHU U320MOGICHUS UZ0EAUll MEMOOAMU XON00HO20
Odepopmuposarnus ¢ 21y60KOU, A UHO20A U CLOACHOU, GLIMSANCKOU JUCA U 2AOKOU KAYECEEHHOU NO-
BEPXHOCIBIO.

Knrouesvie cnosa: oeghpopmupyemvie anomMuHuegble Cniabl, MOHKUL IUCH, CKOPOCMHOU HA2Pes, PeK-
PUCTATTUZAYUOHHBLIL OMOICUS, HAKAEN, CIPYKMYPA, MEXHOI0SUYECKAsl NIACTMUYHOCTb, 8bIMSANCKA -
CIMOBAs, WMAMNOBKA.

SVIDKISNIY VIDPAL OF COLD ROLLED STRIPS IZ ALUMINUM ALLOYS
Danilenko O.S., st. of gr. MC - 41-19, KHNADU

Annotation.The optimal parameters of the high-speed mode of continuous recrystallization annealing
of thin-sheet cold-rolled products from wrought aluminum alloys (A/[1, AMy, AMe3) to obtain a soft
state with properties corresponding to those obtained after traditional softening annealing in cage
furnaces. The interval (from 10 to 15%) of the degree of mechanical hardening of the annealed A/]1
alloy was determined in order to obtain optimal indicators of increased strength in combination with
sufficient ductility for the possibility of manufacturing products by cold deformation methods with
deep, and sometimes complex, sheet drawing and a smooth high-quality surface.

Keywords:wrought aluminum alloys, thin sheet, high-speed heating, recrystallization annealing, work
hardening, structure, technological plasticity, drawing sheet forging

Beryn

B cydacHili poMHUCIIOBOCTI aOMIHI€EBI CIUIaBM 3aliMalOTh TepIle Miciie 3a 00cAroM BUPOO-
HUIITBA cepell KOJILOPOBUX METAIlIB 1 IMUPOKO BUKOPHCTOBYIOTBCS MaiKe B YCiX Taly3sX HapOIAHOTO
rocroaapcTBa. B sikocTi KOHCTPYKIIIHOTO MaTepiany Jjsi BUpOOiB, SIKi TPAIIOIOTh B YMOBaX 3HAYHUX
HaBaHTa)XEHb JICBOBA YACTKa MPUIAJa€e Ha XOJOAHOKATAHUN JIMCTOBUI MPOKAT, 1[0 HE MiAJATaEe Tep-
Mi4Hi# 00poO0IIi, a 3MIIHIOETHCS TIACTHYHUM JeOpPMYBaHHSIM — 1€ CIUIaBu cucteM Al— M ta Al-
Mg, sKi TaKoX MOKYTh MICTUTH y HEBEJHKIii KiIbKOCTI seryBanbHi enementn (Fe, Si, Zn, Ti) ms
3MIIHIOBAIBHOTO e()eKTa 3a paXyHOK PO3YMHY y TBEp/Iili OCHOBI AJIFOMIHIIO Ta BUAUICHHIO HAJITHIITKO-
BUX (has.

B 3amexuHocTi Bif MOTpeOd, i TOJIOBHUM YMHOM, BiJl HEOOXITHUX MEXaHIYHUX BIACTHBOCTEH, B
pi3HUX cdepax MPOMHUCIOBOCTI AMIOMIHIEBHH MPOKAT BUKOPHCTOBYIOTH Y BiJlIAJICHOMY, HalliBHArap-
TOBaHOMY Ta HarapTOBaHOMY cTaHax. BpaxoByiouw, 110 3 JIMCTOBOTO XOJOAHOKATAHOTO HPOKATy BH-
POOH BUTOTOBIIAIOTHCS XOJIOAHUM JIe()OPMYBAHHSM, HAHOIIBII MOIMPEHOI0 TEPMIUYHOIO 00POOKOIO €
peKpUCTaTI3aIifHMIA BiANall JJIs 3HATTS HAKJIENy 1 MiJBUINEHHS TEXHOJOTIYHOI IUIACTUYHOCTI 3 Me-

®PoGoTa BMKOHaHa I1ijl KepiBHULTBOM npodecopa Jlomeukinoi 1.B.
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TOIO IMOKpAIICHHS 30aTHOCTI A0 nedopmyBanHs. OaHak TpaJWLiAHUI BigHal B CaJKOBUX IIeUax HE
3aBXIU 3a0e3revye HeoOXiqHIHM TapaHTOBAaHUM PIBEHb TEXHOJIOTIYHUX Ta MEXaHIYHUX BIIACTUBOCTEH,
rapHy SKiCTh TIOBEPXHI 3ar0TOBOK JUIsi BUTOTOBJICHHSI BUPOOIB PI3HOTO MpHU3HAUCHHS, SKi 3a3HAYCHI Y
TEXHIYHUX yMOBaxX Ha MPOIYKIIit0 ab0 y MiJBUIICHUX BUMOTAxX CIIOKMBadya. TOMy BHPIIICHHS IMX
MUTaHb € AKTYaTbHHM.

CTtaHn nuTranuga

I3 TOHKOHMCTOBOTO XOJOAHOKATAHOTO MPOKATY BUPOOH BHTOTOBIISIOTH 32 JOTIOMOTOI0 TEXHO-
JIOT1# XOJOAHOTO JHCTOBOTO IITAMITyBaHHS, IKE MAa€ psij He3alepeuyHuX MepeBar — BUCOKHHA Koedili-
€HT BUKOPHUCTaHHS METaly, OCTaTHRO Malli eHeproBUTPATH, JOBOJI HU3bKA COOIBApTICTh MPOIYKIIIT
npud MacoBoMy BHpOOHHUITBI [1,2]. [l XOMOJHOKATAaHUX JIUCTOBHMX aTIOMIHIEBUX CIUIaBiB, IO HE
3MILHIOIOTECSA TEPMIYHOI0 0OPOOKOI0, 3 METOO MiABHIICHHS IUIACTUYHOCTI 1 MOKpAIICHHS IITaMITy-
BaHHSI BUKOPUCTOBYIOTh PEKpUCTaNi3aliiHIMA 1 HU3bKUI BiNall PyJIOHHOTO MPOKATy B CaJOBUX MeYax
[2,3,4].OnHak Takuii Bigman dacTo He 3a0e3rnedye Cy4acHHX BHMOT JIO0 BJIACTHBOCTEW MPOKATY, Tak
SK HE BPaXOBY€ETHCS BILIMB Ha SIKICTh BUPOOY TPUBAIIOCTI HATPiBaHHS, aTMOC(epr KOHCTPYKIIIi Imedi Ta
METO/Y YIPaBIiHHS Hero. SIK HACTiIOK, Y MPaKTHUIll IMiJIPUEMCTB, sIKi BATOTOBIISIIOTH ETal 13 JIUCTO-
BHUX 3arOTOBOK METOJAaMH XOJIOJJHOTO INTAMITyBaHHS, HEPIIKO Mae Miclle HesSKiCHE ITaMITyBaHHS 3a-
TOTOBOK, IO MPHU3BOJIUTH JI0 BIAYYTHUX €KOHOMIYHHX BTpaT, 0O aFOMiHI€BI CIUNIABH MAIOTh JOBOII
BUCOKY BapTiCTh (y TIOPIBHSAHHI 3i CIIJIJaBaMW Ha OCHOBI 3aJli3a MPHOJIN3HO B 5 pa3iB qopoxkuyi). Meto-
JIiB TIOKpaIIeHHs 34aTHOCTI /10 JeOpMyBaHHS B3KE TOTOBOTO JINCTA HE iCHY€, 00 CaJKOBi Iedi TepMid-
HOI 0OpOOKH BUKOPUCTOBYIOTH PYJIOHHHM MPOKAT 1 TSl TOKPAIISHHS SIKOCTI 3arOTOBOK HE MPHUAATHI.
Takox HE MOXKJIMBO Ha MPOMHUCIOBOMY OOJIaJlHAHHI OTPUMATH OKPEMi PYJIOHH MPOKATy 3 IiJIBHIIE-
HUMH BJIACTUBOCTSAMH Ta TOKPALICHOO SIKICTIO MOBEPXHI HA BUMOTY CHOXHBAadyiB. SIK CBITYHMTH HAll
JOCBix [S] Ta HeUYHCNEeHHI JiTepaTypHi MaHi [6], MOKpaIIuTH BIACTHBOCTI Ta 3JaTHICTH A0 SKiCHOTO
nedopmMyBaHHS 1 THM CaMHM 3MEHIIMTH Opak 3aroTOBOK, MPU3HAYEHUX IS XOJOAHOTO IITaMITyBaH-
Hs1 BUpOOIB, MOKHA IIJISIXOM 3aCTOCYBaHHsI Biamaiy 3 Oe3lepepBHUM MIBHIKICHUM €JICKTPOHATPIBOM
XOJIOJTHOKATaHOTO JINCTA KOHTAKTHHUM CIIOCOOOM. BupimieHHo mi€i Ba)KIMBOI MPOOIIEMH 1 IPUCBSIE-
Ha poboTa.

Merta i nocTaHOBKA 3aBIaHHA

Mertoto poboTH € po3podKa ONTUMATILHOTO PEXUMY HIBHIKICHOTO PEKpUCTai3amiiHOrO BiJl-
najy JJis MiJBUIICHHS TEXHOJIOTTYHOI IJIACTHYHOCTI MpH 30€PEKEHHI MIIHOCTI Ta MOKPAICHHS
IITAMITYBaHHS JIUCTOBUX XOJIOJHOKATaHUX 3arOTOBOK i3 e()OpMIBHHX alFOMiHIEBUX CIUIABIB, IO HE
3MIIHIOIOTECS TEPMITHOI0 00POOKOIO.

BupinryBanucs HaCTyITHI 3aBJaHHS: BCTAHOBUTH ONTHMAaJIbHI TEMIIEPaTypHO — YacoBi Mapa-
METpPH IIBHIKICHOTO O€3MepepBHOrO BiNally TOTOBHX 3arOTOBOK i3 XOIIOJHOKATAHOTO aIFOMiHi€BOTO
MPOKAaTy JJIsl OTPUMAHHS HEOOXiTHOTO PiBHA MEXaHIYHUX BIIACTUBOCTEH, sKi O 3a0e3neunm Oe3nede-
KTHY 1X JeOpPMiBHICTh Ta 3AaTHICTH /10 BEbMH TTTHOOKOrO BUTATYBAaHHS MPU BUTOTOBJICHHI BUPOOiB
METOJIOM XOJIOJHOTO IITaMITyBaHHS; PEKOMEH/IyBaTH paIlliOHaJIbHI CHEPrOCKOHOMHI MapaMeTpH MIBH-
JIKICHOTO BiJIairy JJisi OTPUMaHHSA M SKOTO CTaHy Ta CTYIiHb 3MIITHEHHS MICIS BiAnany Juisi 3abe3me-
YECHHS HAIIBHATaPTOBAHOTO HA HArapTOBAHOIO CTAaHY 3arOTOBOK JUJIsl BUPOOIB B 3aJICXKHOCTI BiX X
eKCILTyaTal[lfHUX YMOB Ta TEXHIYHMX BUMOT CIIO’KHMBaYa JI0 TOTOBOI IIPOAYKIIii.

MarepiaJ i MeTOAUKH TOCTIIKEHb

Ak 00'ekT AOCHTIKEHHS 00paHi TOHKOJIMCTOBI 3arOTOBKH 13 XOJIOAHOKAaTaHUX J1e(hOPMIBHUX
anmrominieBux cruasiB AJ[1, AMi, AMr3, 1o He 3MIIHIOITHCS TEPMIYHOIO 00POOKOIO.

3 METOI0 3HEMIIIHEHHS XOJI0HOKATaHl CTPIYKY TOBIIMHOI 1MM, CTPIUKH MijgaBaiu Oe3nepe-
PBHOMY peKpHCTaNli3allifHOMy IBUIKICHOMY BiJlTally B arperati 3 TeIJIOOOMIHHUMH KOHTaKTHHUMU
Oapabanamu.
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JocaimKeHHs. MIKPOCTPYKTYpPH MPOBOAMJIM 33 JOIOMOIOI MeTanorpadidyHOro MiKpOCKOIa
UIT MicroMet — [-102 BD. Jlns BUSBIEHHS MIKPOCTPYKTYPH BUKOPHCTOBYBAJIW TPABHUK IS TIPO-
TpaBJIOBaHHS CIIaBiB Ha OCHOBI anmoMiHito — 10 T rizpokcuny HaTpito Ha 100 M BOAH.

MexaHiuHi BIACTHBOCTI BU3HAUYAIM TIiCIs BUNPOOYBaHHS HAa PO3TAT 32 CTAaHIAPTHUMHU METO-
JIUKaAMH

OmiHKy SKOCTi MMOBEPXHi JIUCTa OL[IHIOBAJIM 3a IIOPCTKICTIO MOBEPXHi, [0 PEriIaMeHTYEThCS
I'OCT 4784-97 Wlopctkicte 1 mpodine MOBEPXHI BU3HAYalM 32 AONOMOIOI0 Ipodinomerpa-
npodinorpacda TR 200, BianosigHo g0 crangapty [SO 4287-1997.

31aTHICT IO BUTATYBAHHS MIPH XOJOJHOMY IITAMITYBaHHI JTUCTOBUX ATIOMIHIEBHX CILIABIB Y
pi3HOMY CTaHi OIIIHIOBAJIH TEXHOJOTIYHOI pooOoto 32 Epikcenom. J{is BunpoOyBaHHS 3aCTOCOBYBa-
T 3pa3K y BUTIISAAI CTPiuKky mupuHoto 40 MM  1pu ToBImuHI mcta 1 MM. JloBkuHa 3pa3ka 3abesre-
YyyBajia BUIABIIOBAaHHS TPHOX JYHOK 3 BiJICTAHSAMH MiX IIEHTpaMH HE MEHIIE MIMPUHU 3pa3ka 1 Bif
KIHIIIB HE MEHIIIE TIOJIOBUHU IILOTO PO3MIpY.

Pe3yabTaTu AociigxeHb

ITpwu Bigmani Meran HarpiBascs 3i mBUAKICTIO Bif 5 °C/C mo Temnepatyp Bia 250 no 400 °C 3
iaTepBanom B 50 °C. Buaep:kka npu TeMreparypi HarpiBy JOpiBHIOBaNa 5 XB, OXOJIO/PKEHHS Ha IOBi-
Tpi.

Ipwu Bignami MeTan HarpiBaBcs 3i mBHaKicTIO Bif 5 °C/C mo temmeparyp Bia 250 g0 400 °C 3
inTepBasiom B 50 °C. Buzepskka mpu Temreparypi HarpiBy JOpiBHIOBaNa 5 XB, OXOJOKEHHS Ha TOBi-
Tpi.

Ha puc. 1 noka3zani rpadiku 3aJeKHOCTI MEXaHIYHUX BJIACTUBOCTEH JOCIHIDKYBAaHUX ATFOMi-
HIEBHMX CIUIaBIB BiJl TEMIIEpaTypH HarpiBy mij Bixnan. HaBemeHi pe3ynbTaTé NO3BOJISAIOTH BHUSIBHUTH
TEMIIEpaTypH BiJllaNy, MO0 3a0e3MeYyIOTh MMOE€THAHHS BIACTUBOCTEHW MIIIHOCTI Ta TUIACTHYHOCTI, SIKi
BiamoBimaroTh Bumoram ['OCT 13726 — 97 (tabm. 1), a came :

— s crmaBy A1 320 °C,

— i ciiasy AMu 270 °C,

— nia ciiaBy Amr3 300 °C.
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Puc. 1. 3anexHicTh MEXaHIYHUX BIACTUBOCTEH CILIABIB
AJll (a), AMu (0), AMr3(B) Big TemnepaTrypH HarpiBy npH Bignaii

OTtpuMaHi micJis BiJinaly MexaHiuHi BJacTHBOCTI BianoBigawoTs BumMoram ['OCT i rapaHTyioTh
SKICHE XOJIOJJHE IITaMITyBaHHS ITPH BUTOTOBIICHHI BUPOOIB.

30ibIIeH S Yacy BHIEPXKKH Bil 5 10 30 XBUIMH NPU PEKOMEHIOBAaHHUX TeMIIepaTrypax Bij-
najy CyTTEBO HE BILIMHYJIO HA MOKa3HUKUW MEXaHIYHUX BJIACTHBOCTEH. MeTamorpadiuHi qOCTiIKSHHS
TaKOXX HE BUSBHIIIU MOMITHUX 3MiH MIKpPOCTPYKTYPH CILIaBiB, BIJIITAJICHUX 32 PI3HUMH PEKUMAMHU.

AHaJti3 MiKpOCTPYKTYp TOKa3aB, 110 y JOCITIHKYBaHOMY 1HTEpBaji BHIAECPKOK IPH PEKOMEH-
JIOBaHUX TeMIIepaTypax BiJIainy po3mip 3epHa o — (a3u 3MIHIOETHCS B MEKaX OJJHOTO HOMEpa.
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CrpykTypa yciX MOCIIIPKEHUX CILIABIB IICHIS BIAMAIYy MPH BU3HAUCHUX TEMIIepaTypax IOBHI-
CTIO PEKPHUCTATI30BaHa, NPIOHO3EpHUCTA, OMHOPITHA (pHC. 2).

Tabmung 1 — MexaHiuHi BIaCTUBOCTI XOJIOJHOKATAHUX AIFOMIHIEBUX CILIAaBIB, IO BiAMaleHi
P ONTHMAJBHIN TemmepaTypi

OneprxaHi Bumoru 'OCT
Cmnas TiCIsl BiAmany 13726 — 97

68, MIla 5, % 68, Mlla 5, %

Al 95 22 95 20
AMt 166 20 165 18
AMr3 185 18 185 15

Puc. 2. Mikpoctpykrypa crnasiB A/l1(a), A1 (a), AMu (6), AMr3(B) micis Bianary npu
PEKOMEH/IOBaHUX TEMIIEpaTypax 3 BUAEPKKOI 5 XB; X 250

3 MeTOr0 BU3HAYEHHSI BIUTUBY LIBUJIKOCTI OXOJIOJDKEHHS Ha BJIACTHBOCTI 3pa3KH aFOMiHI€BUX
CIuIaBiB HarpiBasmcs 3i mBuakicTio 5 °C/c 1o 350 °C, BumepKyBaaucs OpH il TeMIeparypi mpoTsi-
TOM 5 XBWIIWH, a ITOTIM OXOJIO/PKYBAJIHCS Ha MOBITPI, Y BOAI, Ta 3 miuyro. [licis pi3HUX BapiaHTiB Tep-
MOOOPOOKH BU3HAYAIACs MIKPOTBEPIICTh, 3HAUEHHSI SIKOT HaBe/IeH1 y Taou. 2.

Tabnuus 2 — 3HaueHHs MIKPOTBEPAOCTI MICIIs PI3HUX PEXHUMIB OXOJIOMKEHHS 3 TEMIepaTypu
HarpiBy 350 °C

3navyeHHs1 MikpoTBepaocTi, Hyls
Cmnas
CEPEIOBHIIIE OXOJIOKEHHS
TIOBITPS BOIA miyp
AMu 23 24 22
AMTI2 43 44 49
AMTI3 24 25 43

OTtpumaHi pe3ynbTaTh MOKa3aJu, MO MBUAKICTh OXOJIOKEHHS IPAKTHYHO HE BIUTUBAE HA Mi-
KPOTBEPAICTh XOJOJHOKATAHNX JIIOMIHIEBHX CIUIABIB, SIKi 3a3HaJIM MOBHOI peKpuUcTaii3alii y mpoueci
BiZmany.

JlJ1st OTpUMaHHS TapaHTOBAHOTO KOMIUIEKCY BIIACTHBOCTEH, 10 XapaKTePU3YIOTh M'SIKUI1 CTaH
JOCHIDKyBaHUX amoMiHieBux criaBis 3rigHo [OCT 13726 - 97, a Takox sIKiICHE IITaMITyBaHHS Y XO-
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JIOMHOMY CTaHi, MIBUAKICHANA PEeKPUCTANTI3AIIHHUH BiIaT HAJICKUTh MPOBOIUTH 3 JOTPUMAHHSIM €HE-
PreTHYHO €KOHOMHHMX TTapaMeTpiB, sSKi HaBeICHI B Ta0II. 3.

Tabmuus 3 — OnTumanbsHi MapaMeTpy MBHAKICHOTO PEKPUCTAI3aliifHOTO BiANATy XOJIO0AHO-
KaTaHWUX aJTIOMIHIEBUX CILJIaBiB

CrmiaB [IBuAKiCTH Temmeparypa HarpiBy, °C | Bunepxka, | Cepenosuiie
HarpiBy, °C/C | (He HUXKuUe) XB. OXOJIOJKCHHS

ANl Bix 4 10 5 320 - 330 5 MOBITPS

AMig TaK0X 270 - 280 TaK0XK TaK0XK

AMr3 TaKOXK 300 - 310 TaKOXK TaKOXK

Tpeba 3a3HaumTH, MO 3TiTHO i3 cTaHAapTOM "JIMCTH 3 AFOMiHIIO Ta aTIOMIHIEBHX CIIABiB.
TexHiuHl yMOBH'" MOBEPXHS JHUCTIB yCiX TPyn 00poOKHM MOBHHHA OYTH TIIsTHCOBa 200 MaToBa, 0e3 Tpi-
UIMH, PBaHWH, PO3LIapyBaHHs, Oyap0alIoK mepenany, MM HIJIaKoBUX BKJIIOUYEHb. [lapameTp mopct-
KOCTI TTOBEpXHI JINCTa TOBHHEH OyTH He OimbmuM 3a Ra = 1,25 mxwm 3rigao 'OCT 2789. 1106 nepe-
KOHATHCA PO BIAMOBITHICTH SKOCTI MOBEPXHI JINCTA MM BUMOTaM OyJia BH3HaU€Ha MIOPCTKICTH ITO-
BEpXHi micig Oe3mepepBHOro MBUAKICHOTO Bignany. OTpuMani npodiiorpaMu cBigdarh, Mo BUCOTA
penbedy MOBEPXHI TOCIIPKEHUX CIUIaBiB B Mexkax Ra = 1,18 — 1,22 mkwm.

TakuM 9rHOM, TIPOBEICHI €KCIIEPUMEHTH CBi4aTh MPO JOUIIHHICT MIBHUIKICHOTO Oe3mepep-
BHOTO PEKPUCTAII3AMIMHOTO BiNally XOJOAHOKATAHUX CTPIUOK 13 AJIOMIHIEBUX CIUIABIB TOBIIUHOIO
Big 0,8 1o 1,0 MmM: opMyeThbes OHOpPIAHA CTPYKTYpa 32 JOBKHUHOIO Ta IIUPUHOIO MOJIOCH, OLIBII BH-
COKi XapaKTepPUCTUKH MIITHOCTI Ta TUTACTUYHOCTI TOPIBHIHO 3 BiANAIIOM B cagoBuX mevyax. Kpim toro
3HAYHO TIOKpAallleHa SIKiCTh MOBEPXHi: MEHIA MIOPCTKICTh, BIACYTHIM Harap Ta MeXaHI4HI ITOIIKO-
JOKCHHS BiJl TPAHCIIOPTYBAHHS, IO 3iHCHIOETHCS MPH NIBUAKICHOMY BiJajli Ha MOBITPSHIN MOMYyII-
.

Jnist OTprMaHHs BiANIAJIEHUX 3arOTOBOK 3 MIABHIEHOIO MIIHICTIO 32 3aMOBJICHHSAM CIIOXKHBa-
4a OyJI0 BUKOPHCTaHE XOJIO/IHE TUIacTHYHE JieopMyBaHHs 00THCKOM. [Ipu XomogHoMy nedopMyBaH-
Hi BiOyBaeThcs pyHHYBaHHS MIKKPUCTATIYHMX MPOIIAPKIB Ta 3alPECOBYBAaHHS TaKUX JIE(PEKTIB, K
yCaJIKOBI IOPY Ta PAKOBHHH, IO 3a0e3redye OiNbIl NIITPHUNA KOHTAKT B CEPEUHI KPUCTANITIB 1 TpH-
BOJIUTH JI0 3MIITHEHHS MeTany. MexaHi4Hi BIaCTUBOCTI MICIisl Pi3HOTO CTyNeHs JAeGopMyBaHHS Bijma-
JICHUX JIOCJIJDKCHUX CILIABIB LIIOCTPYE puc. 3.

Sk BimoMo, BiJ| CTyIIEHS HarapTyBaHHS 3aJI€KUTh HACKUTHKH TiIBHIIY€THCS MIIHICTH CILIaBY,
1 SIK 3MEHIIYIOThCA HOTO IJIACTHYHI XapaKTepucTUKh. SIK BUaHO 3 puc. 1.3 HaWkpammui KOMIDIEKC
BJIACTHBOCTEH 3a0e3meuyroThes o0TucKyBaHHsIM Bif 15 10 20 %. [Ipu miaBUIICHHI PiBHS HArapTOBKH
3 OLITBIIOK IHTEHCHBHICTIO 3pOCTAE TUMYACOBHM OITip, IO MPHU3BOJUTH JO MOTIPIICHHS IITaMITyBaH-
H$l, STUHAHHS T 3HIKCHHS 1HIIUX TEXHOJIOTIYHUX XapaKTEPUCTUK METay.

Haii6inbm antukopo3itauMm € criaB A/l1, moTiM iayTh CIUTaBU aIOMIHIIO 3 MarHieM Ta Map-
TaHIEM.

CrmutaB A/I1 y M KoMy CcTaHi Ma€ BiJHOCHO BHCOKE ITOJOBXXEHHs, TOMy HOTO BUKOPUCTOBY-
I0Th 11 BUPOOHMIITBA HamiB(haOpUKaTiB, 3aTOTOBOK Ta 0e311i4i TOTOBHX BUPOOIB (TpyOH, pe3epByapH,
UCTEPHH, TIOCYJI, XOJIOJHOTITHYTI podii, Tomo). BpaxoBytoun, o 3HaYHa KUIBKICTh BUPOOIB st
3MiiCHEHHS TporteciB HOpMO3MiHU TOTPEOYIOTh PI3HOMAHITHUX BH/IIB CKJIAIHOI XOJIOIHOT IJIACTUYHOI
nedopmanii (po3TAryBaHHS, 3arMHAHHS, OOTHCHIOBAHHS, CIUIIOLIYBAaHHS), JMCTOBUI MpPOKaT B IMX
BUTIAJIKaX MIOBUHEH MAaTH HE TUTbKU BUCOKY TUIACTUYHICTb, aje 1 31aTHICTh J0 TTHOOKOTO BUTSTYBaH-
Hsi. JIyist OLIHKH 1i€T Ty)Ke Ba)KJIMBOI TEXHOJIOTIYHOI BIACTUBOCTI MOCTANIO MUTAHHS 3pOOUTH BHIIPO-
OyBaHHS Ha BUTATYBaHHS 3a MeTo0M Epikcena.
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Puc. 3. MexaHiuHi BIacTHBOCTI ATFOMIHI€BHX CIIIABIB B 3aJIEKHOCTI BiJ] CTYIICHS
XO0JIOJHOTO JehopMyBaHHS OOTHUCHEHHIM

B po6oti [7] HaBeneHi gani rmuOMHN BUAABIEHOI 32 EpikceHOM JTyHKH IS BiAIIaIE€HOTO ajro-
MiHieBOTO JiMcTa 3i craBy AJl1 pi3HOT TOBIIMHM, SIKMH MPU3HAYCHUH i1 TIMOOKOTO BUTSTYBaHHS

(rabum. 4).
Tabmuns 4 — I'mubnHa TyHKH PU BUMPOOYBAaHHI HA BUIABIIOBAHHS BiJITAJICHUX JIUCTIB
cruaBy AJ[1 pi3HOi TOBIIMHK

Marepian I'mubuHa chepudHOi JTYHKH, MM JUIs TOBIIMHU METay,MM

0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0

CIuiaB TMCTOBHM 7,6 8,7 9,2 95 9,9 10,2 | 10,7 | 11,1 | 11,2 | 12,7

JUIS TIMOOKOro BU-
TATYBaHHS

Pesynprat Hammx BUMpOOYBaHb Ha BHJIABIIOBAHHS 32 EpiKCEHOM JIMCTIB 13 alrOMiHIEBOTO

cruaBy AJ[1 y pi3HOMY cTaHi 1 pi3HOi TOBIIMHYU HaBe/IEH] Ha puc. 4.

3 puc. 4 BUTIKaE, MO JUTS BIAMAJICHOTO JINCTA TOBIIMHOK | MM ITiCiIs MIBUKICHOTO BijAmany 3a
PEKOMEHIOBAHOIO TEXHOJIOTIEI0 TNIMOWHA BUAABJIEHOI JIyHKH JopiBHIOE 1,15 MM (kpuBa 1), mo mepe-
BUIIIY€E TMOKA3HUKH B Tabd. 4 [7] i CBiTYUTH PO MOXKIMBICTH SKICHOTO XOJIOJJHOTO IITAMITYBAaHHS 3

IMOOKHUM, 1 HABITh CKJIAHUM, BUTSATYBaAHHSIM.
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FrmGuna BAaB/oBaHHA, MM

0.5 1 LS 20

TopmuHa IHCTA, MM

1 — Bingnmanenuii; 2 — HamiBHarapToBaui (15 %);
3 — naraproBanwii (40 %)
Puc. 4. BunpoOyBanns 3a EpikceHoM JyucTiB 3i cruiaBy AJl1
B Pi3HOMY CTaHi

s HaniBHarapToBaHoro Ha 15 % mucra rimbuHa JyHKH 9,8 MM (kpuBa 2), Mo Maike Bij-
TMIOBi/Tae BiJNaJieHOMY CTaHy MeTana y TaOJ. 4 i rapaHTy€e MOXIIUBICTh TJIMOOKOTO BUTSTYBAHHS IMPH
BUTOTOBJIEHHI 13 3aTOTOBOK TOTOBHX BHPOOIB METOJaMH XOJOJHOI 00poOku TrckoM. lllo crocyeThes
HaraptoBaHoro Ha 40% ymucTa, TO BiH JI0 TaKOi 00POOKM HEe MPHUIATHHIA, 00 MIMOMHA JTYHKH JOPiBHIOE
6,2 MM (kpuBa 3) i Ha i1 MOBepXHi QIKCYEThCS OKpYTJia TpillnHa, OO0 TaK HarapTOBaHHWN METal € Kpy-
MTHO3EPHUCTHM, TOXK TIEBHOIO MIpOIO € OLIBII KPUXKHM.

BucHoBku

1. BcTaHOBNIEHO MOMKIIHMBICTH Ta JAOUIIBHICTE O€3MEPEPBHOTO MIBUAKICHOTO PEKPUCTAI3AIIINH-
HOT'O BiJNay XOJIOJHOKAaTaHMX CMYI'OBHUX Ta CTPIUYKOBUX 3aroTOBOK 3i cmuiaBiB AJl1, AMr3, AMu
TOBIIKUHOO Bif 0,5 10 1,2 MM 3 METOFO TiIBUIIIEHHS TEXHOJIOTIYHOI TNIACTHYHOCTI O€3 BTPAaTH MII[HOC-
Ti Ta MOJIIMIIIEHHS XOJI0{HOI 0OPOOKH THCKOM TP OTPHUMAaHHI TOTOBHX BHPOOIB.

2. Po3po0iieHi palioHalbHI €eHEPrOeKOHOMHI PEXKHMH BiJIaNy, sKi 3a0€31eUy0Th X0JI0IHOKA-
TaHUM JINCTOBUM CIIJIaBaM TIOBHICTIO PEKPUCTaNi30BaHy JAPIOHO3EpHUCTY CTPYKTYpPY 3 HaMKparmm
MTOETHAHHSM XapaKTEPUCTHUK MIITHOCTI i TNTACTUYHOCTI Ta BUCOKOT SIKOCTI TTIOBEPXHI.

3. lns BigmaneHoro cmiaBy AJl1, skuit B HalOLIbIINX 00’ €MaxX BUKOPUCTOBYEThCS IS Ha-
niBpabpukariB y M’SIKOMYy CTaHi, BCTaHOBIEHO iHTepBan crymeHio (Big 10 go 15 %) mopmanbmoro
MEXaHIYHOTO HarapTyBaHHS 3 METOIO OJIEp>KaHHS IMOKA3HWKIB MiIBHINEHOI MIIHOCTI B TOEIHAHHI 3
JOCTaTHBOIO IIIACTUYHICTIO, YOrO BUMAra€ sIKICHE BUTOTOBJIEHHS BHPOOIB METOAAMH XOJIOJHOI'O
neopMyBaHHS 3 TIIMOOKKM, a 1HOAI 1 CKJIQJIHUM BUTSTYBaHHSIM.

4. MOXIIUBICTD JIETKOI'O PEryJIIOBaHHS TEMIIEPaTypHOTrO peXuMy Oe3lepepBHOTO Biamaiy, a
TaK0X PIBHOMIPHUH TPOTPiB JcTa (TI0JI0CH) JTO3BOJISIOTH OTPUMATH METal i3 Pi3HUM CTyIIeHEeM Hara-
PTYyBaHHs (HAKJEMy) MUITXOM YaCTKOBOTO 3HEMII[HEHHS XOJIOJJHOKATAHOTO METally 3a PaxyHOK HEIOB-
HOT peKpHCTaTi3allil, 40ro He MOXIJIMBO JIOCSTTH Bi/INAJIOM Yy CaJIOBUX IeYax.

5. llIBuakicHuil Oe3nepepBHUI peKpUCTalli3aliiiHU{ BiAmai 3a pO3pOOICHUMH TEMIIEPATypHO -
YacOBHMHM NapaMeTpaMH MOKHA PEKOMEHAYBAaTH Ui MOKpAIICHHs IITaMITyBaHHS 3arOTOBOK i3 BXKe
TOTOBOTO JIUCTa JeOPMIBHUX ATOMIHIEBHX CIUIaBiB, IO MPHUBEIE JIO 3MEHIIEHHS OpaKy, eKOHOMIl
METajy 1 3HMKEHHS €KOHOMIUYHMX BUTPAT MPU BUTOTOBJIEHHI TOHKOJHMCTOBOI MPOIYKIII XOJOJHOIO
nedopMartiero i3 TIMO0KUM 1 CKIIQHAM BUTATYBAaHHSM.
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VYIK 669.018

BUBYEHHS OCOBJIMBUX BJJACTUBOCTEN HAHOJJUCHEPCHUX
MATEPIAJIIBY

Hinuk J1.1O., crynent, Hocosa T.H., nouenrt
J{HinpoBchKHUil HallioHaJbLHUH yHiBepcuTeT iMeHi Ouecss I'onuapa

Anomauia. Memoio 0ocniodicents € 8uUeHHA QI3UKO-XIMIYHUX 81ACMUBOCHEN HAHONOPOUIKIE KapOi-
onoeo xknacy SiC ma TiC posmipom yacmox 20-50 um nnazmoximiunoeo cunmesy. Bcmanoeneno nase-
HiCMb KPUCATTYHOL peutimKy. BCcmanoeieHo 3anedcricms NUmomoi no8epxHi 8i0 po3mipy 3epHa.
Knrouoei cnosa: nanooucnepcui nopowku, kap6io SiC - TiC, numoma nosepxmsi, po3mip 3epHa.

STUDY OF SPECIAL PROPERTIES OF NANO-DISPERSE MATERIALS

Didyk D.Y ., student; Nosova T.N., docent;
Dnipro National University named after Oles Honchar

Abstract. The purpose of the study is to study the physicochemical properties of SiC and TiC carbide
class nano powders with a particle size of 20-50 nm by plasma chemical synthesis. The presence of a
crystal lattice was established. The dependence of the specific surface on the grain size was estab-
lished.

Key words: nano disperse powders, SiC - TiC carbide, specific surface area, grain size.

Beryn

TepMiH «HAHOTEXHOJIOTIs» BIEpIIe 3anpornonyBas sinoHels H. Tawnirydi 8 1974 p [7]. Ha mo-
JKJIMBICTH CTBOPEHHSI MaTepianiB 3 po3mipamu 3epHa MeHine 100 HM, 110 IOBUHHI BiAMOBigaTH BUCO-
KUM BHMOTaM Ta MaTH Kpallli BIaCTUBOCTI MPOTH TPAAULIHHIX MIKPOCTPYKTYPHHUX, BKa3aB HIMEIIbKUH
BueHwii ['. ['neiirep y 1981 p. Bin e i He3anexHo Bix Hhoro 1.JI. MOpOXOB yBenu B HayKOBY JiTepa-
Typy HOHATTS HaHOKpucTamiB. [liznime I'. ['eiiTep BBiB TakoX TepMiHM HAHOKPUCTAIIIYHI, HAHOCTPY-
KTYpHI, HaHO(a3HI, HAHOKOMITO3UTHI Matepianu [1,2].

Choro/Hi 3aIliKaBJIeHHs] HOBUM KJIACOM MaTepialliB y Taiy3i sik QyHIaMEHTaJIbHOT 1 MpHUKIIaI-
HOI HayKH, TaK i MPOMHUCIOBOCTI TOCTiTHO 301bIIy€eThCs. Lle 00yMOBIEHO TaAKMMH TPUYUHAMH:

— MparHeHHs1 3MEHIITUTH PO3MipH BUPOOiB;

— YHIKaJIbHI BJIACTUBOCTI MaTepialiB Y HAHOCTPYKTYPHOMY CTaHi;

— HEOOXiHICTh PO3POOUTH 1 BIPOBAANTH HOBI MaTepiali 3 SIKiCHO Ta KUTbKICHO HOBUMH BIIac-
TUBOCTSIMH.

AHani3 myOsikanii

B po6Gotax 1-3 npuBeneHHi JaHHI 0 CIOCO0aX OTPUMAHHS, 1 CTPYKTYPH OCHOBHHUX BYTJICIIEBUX
HaHOMaTepiatiB, KapOigHOro Ta Kapoo-HiTpinHoro kiacy [1-3]. B poborax 4, BUBYCHO OCHOBHI THITH
CTPYKTYp CTajel 1 CIuiaBiB sIKi 0OpOOJIeHI HAHOAMCIIEPCHUMHU KoMno3uiismu [4]. B myOmikarisx 5-
6 DOCHIIKEHO CTPYKTYPY Ta BIACTHBOCTI KOJHLOPOBHX CIUIABIB HA OCHOBI aJIOMIHIIO Ta HIKEJIO 3 Mic-
TATh HAHOJMCIIEPCHI KOMITO3HIIIT, ajie B IIMX MyOJIiKaIisSX He BiIOOpakaeThCsl XapaKTepHi 0COOIMBOCTI
HaHoMarepiaiis [5, 6].

19 HaykoBuit kepiBHuK 11pod., a.T.H. Kaninina H.€.
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Pe3yabTaTu 10CHiIKeHb Ta iX 00roBOpeHHsI

CuHTe3 B HU3BKOTEMIICPATYpPHIN TUIa3Mi 3MIHCHIOIOTh TP BUCOKUX TemnepaTypax (6000-8000
K), mo 3a0e3nedye BUCOKHH PiBEHb MEPECHUYCHHS, OUNBIII IIBHIKOCTI peakuiid i KOHAEHCALIHHUX
nporeciB. IlmasmoxiMiuHa TEXHOIOTiS 3a0e3medye OTpUMaHHs YIbTPaIUCIIePCHIX MOPOIIKIB TYTOI-
JIABKUX METAJIiB, CIOJYK, @ TAKOK KOMITO3UIIHUX 00'ekTiB. B crty ocoOmuBocTel mia3MoxiMiqHOTO
CHHTE3y PO3IMOJiT YacTOK, IO OTPUMYIOTHCS, 38 PO3MIpPOM Y OiJBIIOCTI BHMAAKIB TOCTATHBHO IIHPO-
kuid. [1opoImKoBi KOMITO3UITIT OTPHUMaHi caMe METOIOM TNIa3MOXIMIYHOTO CHHTE3y Ha BUCKOKOYACTOT-
HOMY O0JIaJTHaHHI.

Takox HaBeIEHO Taki mapameTpu KapOiliB, a caMe Taki SIK: TyCTHHA, TeMIIeparypa IUIaBJcH-
Hsl, TATOMA MOBEPXHS, Ta TUI KPUCTATIYHOT PEIIITKH TUCIIEPCHUX CIIONYK.
OrpumaHi 1aHi HaBeICHO B TaOIHIII 1.

Tabmuns 1 — ¢i3uko-XiMiyHI BIACTUBOCTI HAHOJUCIICPCHHUX TTOPOIIKIB KapOiry

Kapbin I'ycruna r/cm? Temnepatypa [Iutoma moepx- | Twun kpucramiy-
maBaeHHs °C Hsl HOI PEeNIiTKH
TiC 4,92 3257 0,18 Ky06iuna
SiC 3,208 2540 0,92 Ky06iuna

[IpranHOrO crienudiky BIACTHBOCTEH HAHOMATEpiaiB € 30UIBIICHAS 00’ €MHOI YacTKH MEX
TIOJILTY 31 3MEHIIIEHHSIM PO3Mipy 3epHe a0 KpUcTaniTiB y HaHoMarepianax (puc.l). IIpu nupomy MoxxHa
BUAUTUTH 00’ €MHY YacTKy TAKHMX CKIJIQJHUKIB: MEX TOALTY, MEX 3epHE 1 MOTPiHHUX cTUKIB. O0’eMHY
YaCTKy MeX IOLTYy MOKHA OIIHUTH 32 (popmyoro 1:

AVI'P=1-[(D-s)/D]3, (dpopmya 1)

Jie s — TOBIMHA Mex moAiny (~1 uM), a D — xapakTepHuii po3mip 3epHa ab0 KpUCTaIiTa.
00’ eMHY 4acTKy MEXK 3epHE — 3a PopmyIoro 2:

AVr3 =[3s(D-s)?]/D3, (popmymna 2)
a 00’€MHY 4acTKy MOTPIHUX CTHKIB — 32 GopmyIoro 3:
AV1c= AVrp — AVrs. (popmyna 3)

Ha puc. 1 momano po3paxoBaHi 3a UM (HOpMyJIaMH 3aJIEKHOCTI 00’ EMHUX YacTOK BiJl pO3Mi-
piB 3epHa.

AV, Mesi noainy

%

AV, Mema sepen
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Puc. 1. 3anexHicTh 00’ €MHHX YaCTOK MEX TMOJIITY, MEXK 3epHE 1 MOTPIHHUX CTUKIB Bijl PO3MIpIB 3epHA
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3i 3MEHILIEHHSIM PO3Mipy 3epHa Bix 1 MKM 10 2 HM 00’€MHA YacTKa MK 3€PHHUM CKJIaHHUKIB
(mex noniny) 36ineuryerscs 3 0,3 no 87,5 %.

BucHoBku

JlocmikeHO OCHOBHI XiMiKO-(Di3W4HI BIACTUBOCTEH HAHOMOPOIIKIB KapOigHoro kinacy SiC —
TiC 3 po3mipom 20-50 HM OTpHMaHO IJIA3MO-XIMIYHUM CHHTE30M. BCTaHOBIICHO HAsIBHICTH KpHCTAIi-
YHOi OyZ0BH HAHOYACTWHOK — IPaHENEHTPOBAHOI KyOi4HOI pemriTku. BecTaHoBIeHO mo 00’ €M 9acToK
MeX MOJLTY, MEX 3epHE 1 MOTPIHIX CTHKIB 3MEHIIYETHCS TIPH 301TbIIIEH] pO3MIpy 3epHa.
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VIIK 629.693

IMPERATIVES OF DEVELOPMENT OF ENVIRONMENTALLY CLEAN
TECHNOLOGY IN MECHANICAL ENGINEERING!!

Orlova E., st. of gr. MC-51-21, KhNAHU

Abstract. The work is devoted to the actual problem: Increasing the durability of piston rings using a
modern method of surface treatment. Solving this problem with the help of traditional methods of
chemical and thermal treatment does not give stable industrial results, therefore, the development of
the technology of using modern methods and the methodology of their testing is an important urgent
task. For the first time in production conditions, a device was created that allows determining the
influence of surface treatment methods on wear resistance, crack resistance and structural changes of
bearing liners. To perform the work, methods of metallographic X-ray structural, electron
microscopic analysis, and modern methods of hardness determination were used. The work describes
the development and analysis of the applied coating by the method of two-wire metallization with a
steel-molybdenum coating. The coating components - molybdenum and stainless steel (as well as the
original materials themselves) have high corrosion resistance, which is not inferior to the corrosion
resistance of chrome and cast iron, from which the rings are made.

Key words: piston, steel, durability, structure, molybdenum, corrosion.

IMIIEPATABH PO3BUTKY EKOJIOTTYHO YMUCTHUX TEXHOJIOI'TH ¥
MAHNIMHOBY/YBAHHI

Opaoga €., ct. rp. MC-51-21, XHAZY

Anomauia. Poboma npuceauena axmyanvhii npobiem - niOSUYEHHIO 008208IYHOCI NOPUIHEBUX Ki-
Jleyb CYHacHuM memooom o6podKu nogepxti. Bupiuenns yiei npodremu 3a 00nomo20t0 mpaouyitiHux
Memooi8 XIMIKO-mepMiuHoi 00pobKu He 0ae CMAOLIbHUX NPOMUCTOBUX Pe3VIbMamis, momy po3pooKa
MEXHON02Tl BUKOPUCMAHHS CYYACHUX MEMO0i8 ma MemoOuKu ix anpodbayii € 6axiciusuM aKmyaibHum
3a60anHAM. Bnepuie y upoOHUYUX YMOBAX CIMEOPEHO NPpUIAo, AKUL 00380MAE GUIHAYUMU BIIUE Me-
mooie 00POOKU NOBEPXHI HA 3HOCOCITIKICMb, MPIWUHOCMIUKICMb | CMPYKMYPHI 3MIHU 6KIAOHIE NiO-
WUNHUKIG. 151 GUKOHAHHS POOOMU BUKOPUCANHO MEMOOU MEeMAN0SpAPiuH020 PEHMeHOCTNPYKINYD-
HO20, eIeKMPOHHO-MIKPOCKONIYHO20 aHANI3Y MA CYYACHI MemoOou GUsHa4eHHs meepoocmi. ¥ pobomi
ONUCAHO PO3POOKY MA AHANI3 HAHECEHO20 NOKPUMMSL MemoooM 0800pOomosoi memanizayii 3i cmae-
Monib0enosum nokpummsm. Komnowenmu noxpumms - mMoaio0en i Hepacasioua cmaib (K i cami
OPURIHANbHI Mamepianu) Maoms 6UCOKY KOPO3IUHY CMIUKICMb, KA He NOCMYNAEMbCSA KOPO3IUHIl
CMIUKOCMI XPOMY | 4aBYHY, 3 AKUX BUSOMOBNEHT KIIbYSL.

Knrouoei cnosa: nopuiens, cmainb, 006208i4HICINb, CIMPYKMYPA, MOAIOOEH, KOPO3ISL.

Introduction

The development of modern technology presents ever-increasing requirements for the perfor-
mance characteristics of construction materials, the reduction of the metal content of parts, the in-
crease of their economy, quality, and the development of scientific and technological foundations of
surface strengthening of loaded parts of construction equipment based on the management of structur-
al parameters and functional properties of coatings to ensure their reliability and longevity . In the
complex of problems of increasing the reliability and durability of machines, a special place is occu-
pied by the development of environmentally friendly technologies. Insufficient wear resistance of ma-

11 Po6oTa BuKOHaHA i KepiBHMITBOM Ipodecopa I'mymkosoi J1.b.
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terials limits the increase in the productivity of machines and their service life, increases the costs of
repairs and spare parts. Far from always, the required set of product properties can be formed by tradi-
tional methods of heat and chemical treatments.

Currently, one of the problems of mechanical engineering is increasing the wear resistance of
piston rings made of high-strength cast iron.

Electrolytic chromium coatings are widely used in the practice of domestic and foreign engi-
neering, but they do not meet the environmental and safety requirements. Electrolytic chromium per-
forms poorly on friction and wear at high temperatures, which leads to weakening; under certain con-
ditions, it is prone to wet corrosion [1].

In this regard, the development of highly efficient, environmentally friendly technologies for
increasing the durability of piston rings is quite important and relevant.

Relevance of development

Operating conditions of piston rings of parts of the cylinder-piston group
The piston rings of the parts of the cylinder-piston group work in stressful conditions, which
are characterized by high temperatures (up to 1900 ° C of the combustible mixture, up to 600 °C on the
surface of the sleeve and up to 450 C on the piston skirt), pressures (up to 15 MPa) and an extremely
unfavorable nature friction from liquid to dry during reciprocating motion.

Fig. 1. General view of rings

Methods strengthening piston rings

At the same time, the main method of strengthening is chrome plating with a thickness of
0.15-0.50 mm [2]. Chromium coating has a humber of advantages: high hardness (HV 950-1100), low
tendency to sticking, low coefficient of friction of chromium on cast iron and steel, high corrosion
resistance.

However, along with the advantages, this coating has inherent disadvantages: it is difficult to
process, has low heat resistance, due to which it cracks during operation, does not hold oil well on its
surface. In addition, electrolytic chromium plating is not stable due to the depletion of the solution and
is environmentally hazardous.

The difference in the operating conditions of modern piston rings requires a differentiated
approach to the selection of materials and their compositions for spraying wear-resistant coatings,
taking into account economic feasibility. For the wide distribution of piston ring coatings in the
domestic engineering industry, optimization of their composition and materials for specific types of
machines and testing are necessary first of all [3].
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Research methodology. Research material

Strengthening piston rings from high-strength cast iron, the composition of which is given in
(table 1).

Table 1 - Chemical composition of gray and high-strength cast iron

Cast .

iron C Si Mn Cr No Mo Cu Mg P
SC25 | 3.2-34 | 1.4-1.7 | 0.6-0.9 — — — — - <0.3
HF 42 | 3.4-3.7 | 2.1-2.5 0‘183?' 0.15 | 1.2-15 | 0.6-09 | 0.3-04 0(.)0;3- <0.1

Application of gas thermal coating.

The coating process includes the following operations: preliminary preparation of the surface
of the product for coating, the coating process itself, further processing if necessary (melting, heat
treatment, etc.). The operational properties of coatings depend on each of these operations.

Shot blasting was used to clean the sprayed surface and bring it out of thermodynamic
equilibrium with the environment. A fraction with a grain size of 0.5-1.5 mm was used as an abrasive
material. Blowing was carried out at a compressed air pressure of at least 0.4 MPa. The shotblasting
zone was at least 3 mm larger than the spraying zone.

Modes of electric arc spraying of steel - molybdenum coatings on piston rings are indicated in
the table. 2.

The positive pole is molybdenum. The speed of movement of the mandrel with piston rings
should be within 60-95 rpm. The longitudinal movement of the apparatus along the frame with piston
rings was made at a speed of 200-250 mm/min . The spraying distance is the distance from the point of
intersection of the wires of the surface to be sprayed , and 100-110 mm. The coating is sprayed to a
thickness of 0.8 (+ 0,1 mm).

Energy Sprayed material
\ ‘ Thermal coating ?
7] Prepared surface
lopena ‘ Spray torch ¥
S AR §
L1
Q)
Gas or other Relati ‘ e —,
. ’ ative OO
workine medium B e — \\
f@— 9 \
| e |
\ @ -’.ﬂ:‘ '1\ ul‘
\ @ {1) /
X /
\__‘*j/

Fig. 1. Scheme of application of gas thermal spraying

Determination of hardness and microhardness of coatings.

Measuring the hardness of various materials is one type of mechanical testing. In the method
of measuring microhardness, small loads (from 2 to 200 g) are used, which is favorable for studying
the microscopic structure of the material.

The price of the scale division on the drum of micrometric screws is 0.01 mm.
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Table 2 - Spraying mode steel - molybdenum coating

Parameters Parameter values
Coating composition, % by mass Mo 50
11X18M 50
Wire diameter, mm Mo 2
11X18M 2,3
Wire feed speed, m/min Mo 3.8
11X18M 3.8
Coating composition, % by volume Mo 44
11X18M 56
Voltage on the arc, V 40
Current strength, A 400
Compressed air pressure, MPa 0.50-0.55
Air nozzle diameter, mm 8

As a pressed the indenter in the PMT-3 device uses a diamond pyramid with a square base and
an angle at the base of 136°. During the test, the length of the diagonal of the impression is measured
and the hardness number is calculated according to the following formula:

H:EZZPS'—M:L854£. @
S d2 d?

After finishing the taring of the device, the position of the loading mechanism is fixed with the
handle of the stopper and periodically checked.

. Standard samples of GOST 9454-78 with a size of 10 x10 55 mm were used xto determine
the impact viscosity (type | sample — Menage). To determine the impact strength, it is necessary to
divide the work spent by the plane of the cross-section of the sample at the point of the incision.

KS= @)

Metallographic, electron microscopic and X-ray studies.

The assessment of the properties of materials was carried out using the methods of
mechanical, metallographic, X-ray structural, micro-X-ray genostructural analysis, and methods of
electron microscopy. Bench , laboratory and industrial trial performed with using appropriate methods
State standards of Ukraine and 1SO standards.

Preparation of microsands for metallographic research consists of sharpening, grinding,
polishing and etching.

the position of the sample changes by 90°. Polishing of the sample is carried out on a polishing
machine, first with the help of an aqueous suspension - chromium oxide, and then on a tool cloth.
Polishing is considered complete when a mirror surface is reached.

The study of the microstructure and local composition of the samples was carried out on a
JSM 7001F scanning electron microscope (fig. 2), equipped with an INCA Energy 350 system for
energy dispersive microanalysis. Observations of the fine surface structure of the sample were
performed with high resolution (2 nm), local analysis of the elemental composition (1 um?) by the
method of energy dispersive spectrometry (EDX). The analysis of the surface of the studied materials
took place at an accelerated voltage of 20 kV and a beam current of 4.5 nA , which made it possible to
fully display all lines on the energy dispersion spectrum and obtain high counting speeds.
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Fig. 2. Electron microscope JSM 7001F

Methods of friction and wear tests.

Testing of new materials and technologies in the conditions of real production is associated
with significant costs of material resources and time. In addition, it is difficult to fully assess the
influence of certain factors on the processes of friction and wear in real conditions. Therefore, in order
to evaluate the effectiveness of the use of materials, methods of their processing, structural changes of
parts and other measures, laboratory and bench tests simulating the maximum approximation to real
operating conditions were carried out. Tribotechnical characteristics are the main criteria for assessing
the workability of materials for volumetric hydraulic drive parts and the effectiveness of their surface
treatment.

In this regard, test methods were chosen for the work, which allow simulating the main
processes of friction and wear of real parts.

The tests were carried out on the SMC-2 friction machine, which allows you to compare the
tested materials in terms of wear resistance, anti-friction properties and properties in the process side
jobs according to the "roller-pad"” scheme (fig. 3).

7
N

Fig. 3. "Roller-pad" scheme

NZQ

Research results and their discussion

Research of the structure and properties of gas-thermal steel-molybdenum coating

The coating on the cast iron ring was applied by the method of two-wire metallization with
independent supply of molybdenum and steel wires. Sputtering from two wires of different materials
leads to the formation of a pseudoalloy in the layer, built with particles of steel 11X18M and
molybdenum (fig. 4). This is evidenced by the data of X-ray structural analysis: two series of lines -
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molybdenum and iron - are found on X-ray images. It turned out to be impossible to choose an etchant
that simultaneously reveals the structure of both molybdenum and stainless steel. In this regard,
sequential etching of layers was used), and then another component. The selective action of the
reagents made it possible to clearly differentiate steel and molybdenum particles in the layer.

a — complete digestion, x115; b — etching on molybdenum, x115;
¢ — X-ray pattern of the deposited layer, A—Fe
Fig. 4. General view of the sprayed layer

For the successful operation of the coating, its connection with the surface of the base metal is
important. Metallographic analysis showed that the steel-molybdenum coating tightly adheres to the
substrate along the entire profile (fig. 5). It has been proven that preliminary shot blasting of the
groove provides favorable conditions for adhesion. An important role in creating good adhesion is
played by the composition of the coating, in particular, the presence of molybdenum in it.

a - unetched grind; b - complete digestion; ¢ - etching on steel; x315
Fig. 5. Border of coating — cast iron

There is noticeable porosity in the layer, which is inevitable during isothermal application of
coatings. Our assessment of the porosity of the steel-molybdenum coating on many rings using
guantitative metallography shows that it is 11-12 %. Porosity within such limits is considered useful
for coatings operating under conditions of extreme friction, as it creates the effect of "self-lubrication”
in conditions of lack of lubricant and certain damping properties of the coating.

The microhardness of the sprayed layer was measured on the surface of the samples, since
measuring the hardness of individual particles on cross sections is very difficult due to the small
thickness of flattened particles (table 3).

The evaluation of the thickness of the particles in the layer and the depth of the impressions
obtained when measuring the microhardness with a load of 0.49 HV showed that in most cases the
pressing of the particles is excluded. The method of making the sandpapers, which is the same for all
samples, involved the introduction of as little slander as possible into the surface layer. To separate the
structural components in the layer, weak etching of the sections was performed to detect molybdenum
particles.

The macrohardness of steel and molybdenum wires, as well as the sprayed layers, was
measured by Vickers at a load of 49 HV, which did not allow the layer to be pushed through.
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Table 3 - Hardness of the studied materials

Material Hardness according to Vickers, Microhardness,
HV HV

Molybdenum wire 120 1800-2000
Steel wire 240 2900-3200
electrolytic chromium — 7400-7900
Steel-molybdenum coating after spraying: 230-240

molybdenum particles 4000-8000
steel particles 3000-6000
Steel-molybdenum coating after grinding: 230-240

molybdenum particles 5000-8000
particles of steel 3000-6000
high-strength cast iron 220

The obtained data on the hardness of the components of the steel-molybdenum gas-thermal
coating and the coating with electrolytic chromium show that the gas-thermal coating is on average
softer than the chrome one, which should provide it with better adaptation to the cylinder.
The presence of particles with significant differences in hardness in the sprayed layer should have a
positive effect on the antifriction properties of the steel-molybdenum coating.

Thus, it can be concluded that the high hardness of molybdenum particles in the sputtered
layer is due to a number of factors: small grains, defamation of particles and a change in their chemical
composition create conditions for hardening by aging; and the hardness of steel particles is determined
by finely dispersed carbides and austenite slander.

Determination of tribotechnical characteristics of piston rings strengthened by various
methods

Tests on the SMC-2 friction machine were carried out for 2 hours at a load of 1.0 kN and a
sliding speed of 1.3 m/s, cast iron discs were processed using serial technology for 30 minutes,
M14B2 oil was used. The test results are shown in table 4.

Table 4 - Results of wear resistance tests

Wear intensity by mass, g/m

Piston ring blocks discs Coefficient of friction
(rings) x10 (sleeves) x10
chrome 5.3 1.5 0.12

with steel-molybdenum

. 3.2 0.4 0.09
coating

The analysis of the results shows that the steel-molybdenum coating is more wear-resistant in
the studied conditions than the electrolytic chromium coating (fig. 6). The steel-molybdenum coating
wears the mating material to a lesser extent and has a lower coefficient of friction.
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1 —aring with a bronze insert; 2 - chrome a ring;
3 —a ring with steel molybdenum coating
Fig. 6. Dependence of piston ring wear on test time

The analysis of the obtained data can indicate that the rings with steel-molybdenum coating
wear less and the sleeve (both processed according to serial technology and strengthened by laser
hardening) wears out less than serial rings with solid and porous chromium coating. Porous chrome
plating reduces sleeve wear to a lesser extent than steel-molybdenum coating.

Industrial results

Piston rings with steel-molybdenum coatings were installed on paired CPG blocks of a
10-cylinder engine of a special purpose machine for operational testing (fig. 7). Serial rings with
chrome coating work on odd blocks. After 100,000 km of mileage (which is equivalent to 4,000 hours
of operation), sets of four rings from blocks 4,8 and 7 are removed for comprehensive research.

The structure and hardness of steel-molybdenum coatings from four rings of blocks 4 and 8, as
well as the condition of chrome rings, were investigated in the work .

As a result of the structural features of the CPG unit, the upper compression rings (4H-1,
8H-1, 7H-JI) work in the most severe force and temperature conditions, and the lower ones (4H-4,
8H-4 and 7H-4) in less stressful ones.

As already mentioned, the assessment of the degree of wear by the depth of the filed layer is
difficult due to the ambiguity of the coating depth from ring to ring and in one ring ( ho= 0.5+ 0,1 mMm).
This also applies to coating with electrolytic chromium (ho = 0.12-0.18 mm). Data on the depths of the
remaining layers are given in the (table. 5).

Fig. 7. Dismantling the piston
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From the table 5 it can be seen that there is no certain regularity in the change of the depth of
the layer from ring to ring, which may indicate a different depth of sputtering. Greater wear of the
upper ring is observed for electrolytic chromium.

Table 5 - The depth of the remaining layer

~in 4N 8N TH(Sc)
g 1 2 3 4 1 3 4 1 4
'aye;qdnfpth' 035 | 060 | 037 | 056 | 035 | 035 | 035 | 0.091 | 0.119

The study of the wear surface shows that mainly abrasive wear is realized, which leads to the
appearance of scratches on the surface of the layer. The condition of the wear surface is almost the
same on all rings with steel-molybdenum coating due to large pores. Estimation of the porosity of the
rings after a run of 100,000 km using the methods of quantitative metallography shows that it, like
after spraying, is 11-13 %, that is, the cracking of the layer with pores is not related (fig. 8).

a, b —4H-2 ring, ¢, d — 8H-4 ring; x5000
Fig. 8. The structure of the molybdenum component of coatings, mileage
100 thousand to m

Despite the high hardness of the chrome coating, the nature of the abrasive effect on the
surface is basically the same as on the sprayed coatings. The difference is that there are areas with
uneven wear on chrome coatings (fig. 8), which is a consequence of some misalignment of the ring
and negative wear of the chrome coating to the cylinder. X-ray structural analysis showed that the
amount of residual austenite decreases to 68-58 %.

A comparison of the microhardness data and the structure of molybdenum particles allows us
to conclude that the increase in hardness is not related to an increase in the temperature of the ring, but
may be a consequence of additional defamation of the layer during operation.

Conclusions

The conducted studies showed:

1. Steel-molybdenum coatings have high anti-friction properties and wear resistance, and are
superior to standard chrome coatings in these parameters. They are characterized by high durability
and do not require prior application of any special coatings, as for electrolytic chromium.

2. Component coatings - molybdenum and stainless steel (as well as the original materials
themselves) have high corrosion resistance, which is not inferior to the corrosion resistance of chrome
and cast iron, from which the rings are made.

3. The steel-molybdenum coating, applied according to the selected modes, has good adhesive
strength, which is very important for ensuring the reliability of its operation.
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4. Gas-thermal steel-molybdenum coating has high resistance to temperature effects: in a wide
temperature range, the hardness of gas-thermal the steel-molybdenum coating does not decrease, but
increases, while the hardness of the chrome coating begins to decrease already when heated to 300°C.
At temperatures above 300 ° C, hard chrome is unusable in conditions of unsatisfactory wettability
with oil - burns and burrs occur . A local increase in temperature leads to intensive softening,
microwelding , chipping of the coating.

5. The high operational properties of steel-molybdenum coatings are due to the structure of the
coating: optimal porosity, which ensures sufficient involuntary lubrication of friction surfaces; the
presence in the layer of structural components with different hardness (heterogeneity of the structure);
high antifriction properties of the molybdenum component.

6. The developed technology was implemented at the State Enterprise " Malyshev Plant " with
an economic effect of UAH 65,000.
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JOCIIKEHHSA BIVIMBY TAPAMETPIB IIIATPUMOK OCHOBHOI'O
TIJIA, BUTTOTOBJIEHOI'O 3A TEXHOJIOI'IEIO CEJIEKTUBHOI'O
JIABEPHOI'O IIVIABJIEHHSA

Anxamcbkuii C.B.12 PhD., Kononenko I'.A.2° 1.T.H., CT. 10C1.,
Mopoabcbkuii P.B.23
Hucruryr TpancnopThux cucrem i Texnostoriit HAH Ykpainu
’TOB «AAUTHBHI Ja3epHi TexHoOrii YKpainm»
3 IncruryT yopHoi meraayprii im. 3.1. Hekpacosa HAH Ykpainu

Anomauin. [lpoyec 6uzomoeieHHs 3a MeXHONOZIEI0 CeNEeKMUBHO20 NA3ePHO20 NAAGNEHHS NOYUHACTb-
€5l 3 HAHECEeHHs Wapy Memanie8o20 NOPOwKy, HeobXiOH020 0isi OPYKY 0OHO20 wapy, Ha Memanesy nio-
KAaOKYy. [lnst 3a6e3neyentss mouHocmi no6y0o6u eemenmis supodie 3 NeGHUMU 2eOMEMPUUHUMU 0COO-
JUBOCAMU, HEOOXIOHUM € 3ACMOCY8aHHs NIOMpumox. Mema pobomu: 00CHIONCeHHs BNIUBY PENHCUMIB
OPYKY RIOMPUMOK PI3HUX MUNI8 (CimKa, KOHYC, 0epegonodioni) npu moswuni wapy 50 mxm npu pizHit
NOMYACHOCMI Ma WEUOKOCHI Nepecy8anHs 1azepa Ha iX AxKicms. Buxodsuu 3 ompumaHux pe3yibma-
mMig, PeKOMEHOYEMbCS GUKOPUCTOBY AU KOMNAEKC NIOMPUMOK KOHYCU MA CIMKU.

Kniouosi cnoea: 3D-0pyk; niompumku cimka, KoHyc, 0epegonoodibui, nOmyxicHicmb nazepd, U8UO-
Kicmb nepecyeants nasepa.

STUDY OF THE INFLUENCE OF THE SUPPORT PARAMETERS OF THE
MAIN BODY MANUFACTURED USING SELECTIVE LASER MELTING
TECHNOLOGY

Adjamskiy S.V.12 PhD., Kononenko G.A.?3 Doct. Tech.., Sen. Research.,
Podolskyi R.V.23
Hnstitute of Transport Systems and Technologies of the National Academy
of Sciences of Ukraine
2LLC "Additive laser technologies of Ukraine"
3lron and Steel Institute of Z.1.Nekrasov National Academy of Sciences of Ukraine

Abstract. The manufacturing process using selective laser melting technology begins with the
application of a layer of metal powder, necessary for printing one layer, on a metal substrate. To
ensure the accuracy of the construction of product elements with certain geometric features, it is
necessary to use supports. The purpose of the work: to study the influence of printing modes of
supports of different types (grid, cone, tree-shaped) with a layer thickness of 50 um at different power
and speed of laser movement on their quality. Based on the obtained results, it is recommended to use
a complex of supports of cones and grids.

Key words: 3D printing; support grid, cone, tree-like; laser power, laser movement speed.

Beryn

CydJacHuii MeTOJ] aANTHBHOTO BUPOOHMIITBA, 3BAaHUW CEJIEKTHUBHE JiazepHe IuiaBieHHs (SLM),
J103BOJIsSIE BUTOTORIIATH 3D-BrpoOu nomraposo [1-3]. TlinrotoBka 1o npyky nounHaeTbes 3 3D- Moze-
moBaHHA 00'ekta, modynoBanoro B CAD cuctemi B ¢popmarti *.STL, B pe3ynbraTi OTpUMYEMO MOJIEINb,
pPO30MTY Ha BOKCENBHY CTPYKTYpY [2] 3 meBHMM HaOopoM mnapameTpiB, NMPUIAATHUX I JPYKY.
[Tpu tmdpoBsiii 0O6poOIIi, MOIETh PO3AUISETHCS HA mapu TOBIMUHOI Bix 20 10 100 MikpoH 1 hopmy-
I0ThCSl BEKTOPH PYyXY JIa3€pHOTO MPOMEHIO.
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[Ipomec BUTOTOBICHHS MOYMHAETHCS 3 HAHECEHHS IApy METAJEeBOrO IOPOLIKY, HEOOXiTHOTO
JUTSL IPYKY OJHOTO IIapy, Ha METAJIeBY MiAKIANIKY, Ka KPIMUTHCA A0 OMOPHOI KOHCTPYKIIIi 1 TIepeMi-
HIa€TbCA Y BEPTHKAJIBHOMY HampsMKy 1o oci Z. Ilponec npyky BinOyBaeThCsl BCepeAMHI KamepH 3
IHEpTHUM Ta30M (3a3BHYail BUKOPUCTOBYETHCS aproH abo a3oT), B SIKil MiATPUMYETHCS CTPOTO KOHT-
ponsoBana atMochepa. Lle 1ae MOKIHBICTD IPYKY TaKOX IMTOPOIIKOM ATFOMIHIEBHX 1 TATAHOBHUX CILTA-
BiB, TOMY III0 KHCEHb B KaMepy He MPOHUKAE, 110 JO3BOJISIE YHUKHYTH OKUCICHHS BUKOPUCTOBYBAHOTO
marepiany [3-6]. Koxken 2D-map o0'ekTa criaBiseTbesi pa3oM, Komiroroun ¢opmy nugposoro STL-
KpecieHnka. MeTaneBrii MOPOIIOK PO3ILUIABISAETHCS MPU BIUIMBI Ja3epHOTO MMPOMEHIO, 10 HATIPaBIIs-
€THCS y3IOBXK oceld X 1 Y qBOMa MOBEPXHSAMH, IO BIIOMBAIOTH IMPOMIHB 3 BUCOKOIO IBHIKICTHO. [To-
TYXHICTb JIa3epHOT0 BUIIPOMiHIOBa4a 3a3BHYail 3HaX0IUThCs B Hiana3oHi 200-1000 Br.

3a gomomororo mpormecy SLM MoxyTh OyTH OTpUMaHi 3pa3kd 31 CKIAIHOI0 TeOMETpiero, sKi
HEMOKIIMBO a00 CKJIaJHO BUTOTOBHUTH iHIIMMH TPaIUIiHHAMY criocoOamMu BUpoOHMITBa [7-9].

Meta poGOTH: AOCTiIKEHHS PEKUMIB APYKY MIATPUMOK Pi3HUX THIMIB (CiTKa, KOHYC, JepEBO-
noiOHi) mpu TOBHIMHI mapy 50 MKM NpH pi3Hil MOTYXHOCTI Ta MIBHIKOCTI TIEPECyBaHHS POMEHIO
nasepa. bynu 3amani mapameTpu IpyKy (IIBHAKICTH MpoMeHIO (M/ceK), MOTYyXHicTh iazepa (BT1) Ta
BIJICTAaHh MIX MPOXOJaMH MPOMEHIO Jlazepa (MM) Ta HIUIBHICTH MUTOMOI eHeprii) [2, 3]. 3HaueHHS
3MIHHHX ITapaMeTpiB MOJaHO Ha cXxeMi puc. 1.
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Puc. 1. Cxema 3MiHHUX ITapaMeTpiB: CTOBIMUMKH 1, 4 — ciTKa, 2,5 KOoHYC, 3,6 AepeBOIOAi0H1
(panxu A- E, mBuaxicts ckanyBauHs 1800...700 mm/c BiAmoBigHO)

Jocmiani 3pa3ku (puc. 2) aHajgi3yBalid 3 3aCTOCYBaHHSAM Bi3yaJIbHO-ONITHYHOTO KOHTPOJIIO (1ai
BOK).

Pe3yabTaTtu gociaixkeHb

IIpu BOK Bcix gocmipKyBaHuX 3pa3KiB MiATPUMOK OyJI0 3a3HAYCHO, IO MIATPUMKH, SIKi Y KO-
opaunarti o oci E (mosne 2), 30kpeMa JiepeBonoIiOHI i KOHYCHI, MalOTh XapaKTEPHUN «pyaAui» KOJIIp,
10 HIATBEPKYE HEPErpiB y 001aCTi OKAHTOBKH IIUX €JIEMEHTIB.

[Ipu Bi3yanbHOMY OISl Ta MOPIBHSAHHI MIATPUMOK TUIY «CiTKa» mosst 1 i mons 2 € 3HauHi Bi-
aminHocTi. [lone 1: miATPUMKHM «CiTKa» MaroTh, HEBENMKI HAIJIMBU HA TPAHSAX 32 PaxyHOK BIUIMBY
MPOMEHIO JIa3epa 1 HaJMipHOTO IeperiaBy MOpOIIKOBOro mapy. [lone 2: miaTpUMKH MarOTh TOHKI KO-
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HTypHu 0e3 HAIUTUBIB y MeXax ixHix rpaHeid. Ha migcTaBi JaHOro criocTepekeHHsI, Py MO0YA0BI ene-
MEHTIB/BHPOOIB/IeTamneli/3pa3kiB Ha MIATPUMKAX THUIY «CiTKa», PEKOMEHIYEThCSI BHOCUTH Hapamerp
(nons 2). Takoxk OyJ0 3a3Ha4EHO, 10 KOHTYPH MiATPUMKH TUITY «CiTKa» B 00JacTi MEpeTHHY TOPU30-
HTaJIbHO-BEPTHUKAJIBHO MAIOTh BAaHHU PO3ILJIABY, SIKi XapaKTEepU3YIOTHCS METaJIeBUM OJHMCKOM 1 3aBJO-
BXKH Tpoxu Oinbie 0,2 MM BiJ IEHTPY.

Puc. 2. 3aranpauii BUI HOCTiIKYBaHHUX 3pa3KiB

Crizx 3a3Ha4MTH, IO y BCiX KOHYCHUX MIATPUMKAax (007acTh KOHTYPY) € BUAMMA MOPHCTICTB.
Ha o06nacti 3By)KEHHS CIIOCTEPIracThcsi METaJNeBHW OJIMCK, IO MPHUTAMaHHO O0JacTi pO3IJiaBlicH-
HS1/IPOIIJIaBJICHHS 1Py .

BucHoBku

1. BcranoBieHo, 1110 MATPUMKH THITY «CiTKa» (mosie 1) MaloTh He3HauHi 00J1acTi neperpisy, sKi
NIPU3BEJH JI0 HEBEIIMKUX HAIUJIMBIB HAa IPaHIX 32 PaxyHOK BIUIMBY IMPOMEHIO Jiazepa 1 MeperuiaBy mo-
poiIkoBoro mapy. 3HayHux JedekTiB He BusiBiieHO. CIi 3a3HAYUTH 30HY NEPETHHY KOHTYPIB y Pi3-
HHUX HampsMKaxX, Y SKHX YTBOPIOETHCS BaHHA PO3IUIaBY 3 MeTaJleBUM OimckoM. BcTaHoBieHo, mio
BaHHAa pO3IJIaBy Ha TEPETWHI MEHINa, KOJW WIUIBHICTh MUTOMOI €Heprii MparHe ONTHMYyMY
(40 JTx/mm3).

2. BeranoBneHo, 110 3pa3ky, HAJAPYKOBaHI HA KOHYCHUX MIATPUMKax (moine 2, pan 5), MaloTh
BEJIMKY KUIBbKICTh 00J1acTeH 13 3HAYHOIO KIJIBKICTIO IpajlieHTa «PYAOT0» — KOBTOTO KOJIbOPY, 1€ MOB'S-
3aHO 3 BEIIMKUM TEpETrpiBaHHSAM 4Yepe3 Maily MOBEPXHIO KOHTAKTY (TeruioBiaBeneHHs). Ciin 3a3Hauu-
TH, IO y BCIX KOHYCHUX MiATpUMKaXx (00JacTh KOHTYPY) € BUIUMA MOpHUCTicTh. Ha obnacti 3By>keHHs
CIOCTEPITraeThbcsi METANEBUI OJIMCK, 0 IPUTaMaHHO 00JIacTi PO3IUIABICHHS/TIPOIUIABJICHHS 1Iapy.

3. BcTaHoB/ICHO, IO MATPUMKH, IO JIexaTh y psaai 3 (moje 1) ta 6 (mone 2) (nepeBomnoaioHi),
HE JI03BOJIMUIM 3pOOMTH APYK 3pasKiB 4epe3 Maiy IOBEPXHIO KOHTAKTY IMIATPUMKH Ta MOBEPXHIO
Down-skin.

4. Buxonsuu 3 OTpUMaHUX PE3yJbTaTiB, PEKOMEHAY€EThCS BUKOPHCTOBYBAaTH KOMIUIEKC MiITPH-
MOK KOHYycH Ta ciTku. [lapamerpu ApyKy MIATPUMKU THIY «CiTKa» depe3 oauH miap. [lapamerpu mpy-
Ky HiZITPUMKH KOHYC TIPH IUJILHOCTI TUTOMOT €HEprii HaOmmKkeHoi 10 ontumymy — 40 Jhx/mm®,
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BIIVIUB MO/IUPIKYBAHHSA ITIOBEPXHI HA TIOBEAIHKY I/
HABAHTA’KEHHAM TA BJIACTUBOCTI BUPOBY*2

Omnikienko B.L., ct. rp. MC - 41-19, XHAIY

Anomauia. Bugueno eniug 6omoapoy8anua noGepxXHi HU3bKOEHEP2eMUUHUMU [IOHAMU HA CIMPYKMYpPY mda
eracmugocmi UpooOy nio 6NAUGOM CMAMUYHO20 MA YUKIIYHO20 HA8AHmMAdCceHHs. Bemanosneno niosu-
WjeHHs MIYHOCMI NPU HEe3MIHHO UCOKUX NOKA3HUKAX naacmuynocmi. Ilokazano, wo ionHe 6omb6apoysan-
H5l MOHKO20 NOBEPXHEB020 Wapy 30inbuLye 0068208iuHicmb upobis y 1,5 pasu.

Knrouoei cnoea: ionne bombapoysanus, wopCmKicms NOGepXHi, CYOCMpPYKmMypd, MIYHICmb, RAACTIUY-
HICMb, YUKTIYHA 008208IYHICb.

INFLUX OF MODIFICATION OF THE SURFACE ON THE BEHAVIOR OF THE
INTERESTS AND THE POWER OF THE WILL

Onikienko V.1, st. of. MS - 41-19, KHNADU

Annotation.The effect of surface bombardment with low-energy ions on the structure and properties of
a product under the influence of static and cyclic loading has been studied. An increase in strength at
consistently high rates of plasticity has been established. It is shown that ion bombardment of a thin
surface layer increases the durability of products by 1.5 times.

Keywords:ion bombardment, surface roughness, substructure, strength, plasticity, cyclic durability.

Beryn

VY cydacHOMy MamMHOOYIyBaHHI y 3B'SI3KY 3 YCKJIQAHEHHSIM KOHCTPYKLiH, iHTeHCH]iKaLieo
pobouHx mpolieciB, 301TBIICHHSM JIFOUYUX HANpPYXKEeHb, PO3IIUPEHHIM Jlialla30Hy poOoYMX TemIepa-
TYyp 1 cepelloBHII] HA0yBae OCOOIUBOTO 3HAUEHHS 3/IaTHICTh BUPOOY YHHUTH OITip 30BHIIIHIM BIUTHBAM
JUTst 3a0e3MeYeHHs HaAIHOCTI Ta IOBTOBIYHOCTI B €KCILTyaTaIlii.

Sk BiZloMO, cTaH MOBEPXHI ICTOTHO BIUIMBAa€E Ha 00'€MHI MEXaHI4Hi BIACTHBOCTI BUPOOIB, 00
OLIBLIICT MPOIIECIB, IO MPU3BOMIATH JO 3HMKEHHS JIOBrOBIYHOCTI (BTOMA, aOpa3uBHE 3HOIIYBaHHS,
KOpO3isi), TOYNHAIOTECS B IMMOBEPXHEBUX IIapax. Po3poOiaeHHs HOBUX CIIOCOOIB MOBEPXHEBOTO MOJIH-
¢ikyBaHHS 171 TIOKpAIeHHS eKCILTyaTalliiHIX XapaKTepPUCTUK BHPOOIB € BAXKIMBUM MUTAHHSM 1 B
HaIll Jac.

CTtaH nuTanuga

Jo cydacHUX Ta epeKTHBHUX METOAIB OOPOOKH MOBEPXHEBOIO INApy, IO KapHHAIBHO 3Mi-
HIOIOTh HOT'0 CTPYKTYPHO-HAaNPY>KEHUH CTaH Ta MIKPOI€OMETPIlO 1 BIJIMBAaIOTh HA MEXaHIYHI BIACTH-
BOCTI BUPOOIB B LIJIOMY BIHOCATHCS 10HHO-TIa3MOBI TexHouorii (Meron KIB). IIpoctum 1 nyxe ede-
KTUBHHM € ioHHe OoMOapayBanHst (IB) MoBepxHI HU3bKOCHEPTETHYHUMH 10HAMH 32 TEXHOJIOTIETO, SIKa
HINPOKO 3aCTOCOBYETHCS Ul OYMILEHHS IOBEPXHI Iepe/l HAHECEHHSM MOKPHUTTIB Y MPOMHUCIOBHX
ycraHoBkax «bymary. Ilicas Ib rpanuis TekydocTi 3anexHo Big crami 30inbmryerscs Ha 26 — 35%, a
TuMUacoBuii omip Ha 15-17% 6e3 3menmienHs muactuaHocTi [1]. TligBUIeHHsS MEXaHIYHUX XapakTe-
puctuk BHacnifok Ib moBeneHo i B podoTax [2,3]. 1m0 MOSCHIOETHCS MTOETHAHHSIM CYOMIiKpO- Ta HaHO-
CTPYKTYpYBaHHSIM TOHKOTO ITOBEPXHEBOTO ILIApY.

12PoGora Bukonana mig kepiBHMITBOM mpodecopa Jomeukinoi I.B.
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BaxxnmuBuM ¢GakTOpoM y IMiIBUIIECHHS JTOBrOBIYHOCTI AeTalIell MAIIMH € 3aJIKOBYBaHHSI TIOBEP-
XHEeBUX JeQeKTiB (Top, MOAPSIHIH, MIKPOTPIIIKH), a TAKOK HACHIJIKIB Tpy00i MeXaHidHOiI 0OpOOKH.
[opcTKicTh MOBEPXHI € OJHIEIO 13 OCHOBHHX T'€OMETPUYHUX XapPaKTCPUCTHK SKOCTI IMOBEPXHI JeTa-
JIeH, sika y TepIly 4epry, BIUIMBAa€ Ha BTOMHY MIIHICTh 1 Ha €KCIUTyaTalliliHi MOKa3HUKUA BUPOOY B
oMy [4,5]. HasBHICTh MIKpOHEPIBHOCTEH Ha TIOBEPXHI TPHU3BOJIUTH O KOHIIEHTpAIIil HAIIPYKEHb B
3amajuHax, CIpUsE MOSBI TPIIIMH 1 3HUKYE MIIHICTh, 3HOCOCTIMKICTh Ta JOBrOBIYHICTH AeTam [6].
MoaudikyBaHHsI TOBEPXHEBOTO MIapy BUPOOY TUMH 200 1HIITUMH METOAaMHU TEXHOJIOTiUHOI [l 103BO-
JISIOTH BUPINIyBaTH 0arato HAMBaXKIHMBIMIMX TEXHIYHWX 33/1a4 BUPOOHMIITBA 1 € aKTyaJJbHUM Harmpsi-
MOM JOCTIiKEHb.

MeTta i nocTaHOBKa 3aBIAHHA

MerToto AaHoi € miIBUIIEHHS ONOPY BTOMI BHPOOiB HIISIXOM MOAX(DIKYBaHHS TOHKOTO MOBEP-
XHEBOTO APy 3 BUKOPUCTAHHAM CYYaCHUX TEXHOJIOTIH.

3aBmaHHS JOCHTIHKEHHS - BUBYUTH BILUTUB MOIM()iKyBaHHS IOBEPXHI Ha CTPYKTYPy Ta BIACTH-
BOCTI BUPOOY ITiJl BIULIMBOM Di3HUX BHJIIB HABAHTAXECHHS, IO JO3BOJHUTH 30UMBIINTH €KCILTyaTaIliii-
HHUIA.

MarepiaJ i MeTOAUKH TOCTIT:KEHD

Hocnimkenns Bukonano Ha cransax 20 ta 40X. MoaidikyBaHHsI OBEpXHi 31iHCHIOBAIH 10H-
HUM OOMOapyBaHHSM HU3bKOCHEPreTHIHUMU ioHamu TuTaHy (1-3 keB) B ycranosii «bymat» HHB-
66-11 B armocepi nprony. LLlopcTkicTs i mpodink MOBEpXHi BUBYAIH 32 JOTIOMOTOI0 MpodiroMeTrpa-
npodinorpacda TR200, mo Bianosinae cranmapram ISO 4287-97. [Noxubka BumiptoBanHs Ra He mepe-
BumyBana 10%. Po3rsaranni mimmsrany nuniHApUYHI 3pa3ku giameTpoM 10MM 3a CTaHAAPTHOIO METO-
nukoro. BunpoOyBanHs Ha BToMy mpoBo i Ha Mamtiai MYI — 6000 mpu caMomy »KOpPCTKOMY IIHAKIT
HaBaHTA)XEHHS (YMCTHH 3rWH 3 00EpTaHHSIM), sSKEe 3MIHIOBAIOCS 32 CUMETPHYHHM CHHYCOIaIbHAM
3akoHOM. [lomipoBani 3pasku Asst BUIIPOOyBaHb OyIIM 3 YKOPOUYEHOIO 32 PaXyHOK MEePEXiTHUX mepepi-
3iB po00Y0I0 YaCTHHOIO, IO JO3BOIHIIO 3MEHIIUTH K000neHHs (He Oinpine 0,05 MM) Ta 301IpIIATH
JKOPCTKiCTh. TBEpIICTh BUMipIOBalnK 3a Bikkepcom mpu HaBaHTaXeHHi 5 Krc. MiKpOCTpyKTypy BH-
Buand Ha ontuuHomy Mmikpockomi UIT MicroMet-1-102 BD, Tta enekrponnomy PEM-106 BAT
SELMI.

Pe3yabTaTtu gociixkeHn

[ToBepxHeBoMy ioHHOMY OomOapmyBanHio (Ib) mimiaranu 3pa3ku 3 BiamaneHoi crami 20, ska
BUOpaHa y SKOCTI MOZIETILHOT, 00 Ma€ epeBaXKHO CTPYKTYPY QEPHUTY i JO3BOJISIE OLIBII TOYHO OIIHUTH
3MiHH CTPYKTYpH MoBepxHeBoro mapy micas I1b. CrangapTHi IMIIHAPUYHI 3pa3Ky HifgaBaal BUIPO-
OyBaHHSM Ha PO3TATAHHS, SKi 3HAYHO MPOCTIIIi, Hi’)kK BUIIPOOYBaHHS HA BTOMHY MIIHICTh, 2 B TOH XKe
Yac BiJIOMO, IO PYHHYBaHHSI METAJIB TiJl CTATUYHUM Ta IUKIIYHAMH HABAHTKEHHIMHU CYPOBOJIKY-
€THCSI OJTHAKOBUMH CTPYKTYPHHMH 3MiHAMHU.

Kpwusi posrsranns no Tta micns 1b HaBegeni Ha puc. 1, 3 skoro BUAHO, Mo HachigkoMm Ib €
3MILIHEHHS 3pa3KiB — KpUBa 2 JICKUTh BHUILIE KPUBOI 1, OIHAK TUIACTUYHICTh 3JIMIIAETHCS HE3MiHHOIO.
Tpeba 3a3naunty, mo micis [b kpuBa po3TsaryBaHHs B IPYKHIM 00sacTi We KpyTilie, HiX s Bifma-
JeHoro crany. Lle cBimUMTH MpO MiABUIIEHHS MOIYJISI MIPYKHOCTI, IKE MO3HAYUTHCS HAa MOKa3HUKAX
BTOMHOI MIITHOCTI.

KinpkicHI 3HaYeHHS IMOKAa3HUKIB MEXaHIYHUX BJIACTUBOCTEN HaBeneHi B Ta0uuii 1.

Sk cBimyaTh MOKa3HUKH MEXaHIYHMX BJIACTHBOCTEH, micis Ib TMMuacoBuii omip Gy MiABUIILY-
erbest Ha 16%, a rpaHuLs TEKy4ocTi Go2 Ha 26% %, mpu bOMY BiJHOCHE IIOJIOBXKEHHS 1 BiTHOCHE
3BY)KEHHS 3pa3KiB 3aJIUINAIOTHCS OJHAKOBUMH 1 JIOCTATHHO BEMKUMH. HEe3MIHHOIO € TaKOX MIKPOT-
BEPJIICTh, TOOTO BXXE HA TJIMOMHI MPOHUKHEHHS iHIEHTOpa (aMa3HOI Mipamisin) 3MIIIHEHHS HE PEECT-
PYEThCA.
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[Micnsa nuridyBaHHsS MOBEpXHEBOro mapy Ha TnubuHy 0,5 MM MOKa3HHUKH MIITHOCTI peecTpy-
IOTBCS Ha PIBHA BUXiMHOTO cTaHy (micns Bignamy). Takum umHOM, 1B TOHKOTO MOBEpXHEBOTO MIApy
3MiHIOE€ HE BJIACTHUBOCTI Marepially 3pasKiB, a TIOBEAIHKY iX MpPU pO3TATaHHI, U0 i MPUBOIUTH A0 iX
3MinHeHHA. [Ipu bOMy CTpYKTypa MaTepiany CepLEeBHHU 3pa3KiB 3aJIUIINIACS HE3MIHHOIO.

750 -

500 - // \

1}
10 20 30 w0 €%

Puc. 1. Kpusi po3tsiraHds DAIiHAPUIHUX 3pa3kiB ctaii 20:
1 — sigmai; 2— Bigman + Ib

Tabmuus 1 — MexaHiuHi XapaKTepUCTUKH LMTIHAPUYHUX 3pa3KiB 3i ctami 20 micns pi3Hoi 00-

poOKH
Cran 0w, MIla | o022, MIla o, % v, % HV;s
Binman 445 230 31 58 130-133
Biamnan + Ib 515 290 31 60 129-133
Bigman + Ib 440 230 30 60 128-132
+ nuripyBaHHS

Onucani 3mMinn BiactuBocteii micnsg Ib 00yMoBIieH! CTPYKTYpHUMH 3MiHAMH TIOBEPXHI 3pa3-
kiB micns 1B, mo imoctpye puc. 2.

=

m L - : 2 D . ,
x 8000 % 15000

a 0 B
Puc. 2. Mikpoctpyktypa (a), cyocTpykTypa (0),
TPaHUIll PO3iTy B CyOMIKpOKpUCTaNIiUHI#M cTpyKTYypi micis 1B

SK BUIHO 3 PUCYHKY, BIAOYJIOCS JIy)Ke CYyTTEBE MOAPIOHEeHHs hepuTHUX 3epeH: 1o 1b cepenniit
po3mip 3epHa OyB 60 MKM 1 B cepe/iiHi 3epeH (epuTy CyOrpaHulll He BUABJISIOTECS ( puc. 2, a), a Mic-
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a5 1B B 3epHax ¢eputy (IKCyeThCS PO3BHHEHA CYOCTPYKTypa i3 po3mipom eneMeHTiB 250 — 300 HM,
SKi MaroTh itk mupoki (130-255 um) cyorpanumi ( puc. 2, 6 i B). Came Taka cnenudivHa TOHKa
CTPYKTYypa, 0 XapaKTepHa AJs cyOMiKpo- Ta HAHOKPUCTAIIIYHOTO CTaHy MeTaly, i 00yMOBIIOE 0c00-
JMBY NMOBEAIHKY 3pa3KiB B Mpoleci Aedopmarlii, 10 BUKITIOYAE OXPUXUYEHHS NPU BUCOKOMY 3MillHEH-
Hi.

Byna Takox mocmimkeHa MIOPCTKICTh moBepxHi A0 Ta micias Ib. PesynprariB mokaszanu, mo
Moka3HuK mopctkocTi Ra micns Ib 3menmyersest — 3 1,26 1o 0,20 MKM, 0 € MOOIYHUM CITiICTBOM
MaJIoi TTMONHN penbedy TOBEPXHI i3 PO3BHHEHOIO CYOCTPYKTYpOIO, 110 yTBOpruiacs micis Ib.

BpaxoByroun otpumani gani 6ymno BuBueHo BiuB Ib Ha BToMHY MirHICTE. O0’€KTOM JOCIHi-
JOKeHHS Oyna mokparieHna craiab 40X, 3 KO BHUTOTOBIISIOTH, JeTali (OCi, HIECTePHI, BalH), MO eKC-
TUTYaTYIOThCS TP IUKTiYHNX HaBaHTaxeHHsX.[licas Ib cTan moBepxHi aHAJIOTIYHWN, OTPUMaHOMY
panime B ctam 20 (puc. 3). 3epuo nmoapioammocs Big 40 mkm 1o 600 - 800HM. IIIopcTKiCTh TTOBEPXHI
3menImiacs Bix 1,36 1o 0,31 Mkm.

Jlo 6oMOapayBaHHs po3Mip 3epHa OyB 50 MxM, a micis Ib 3'sBsieTbes po3BHHEHA CYOCTPYK-
Typa 3 LIMPOKUMH TpaHUISIMU Ta po3mipom 3epeH 600 - 800 um. [llopcTKicTh MOBEpXHI 3MEHIIMIACS
Bix 1,36 mo 0,31 MkMm.

3MeHIIeHHS MOPCTKOCTI, CYTTEBE MOIPIOHEHHS 3epHA Ta HAsIBHICTh PO3BHHEHOI CyOCTPYKTY-
pH B IOBEPXHEBOMY IIIApi HE MOTJIM HE TIO3HAYUTHCS Ha JOBMOBIYHOCTI BUpOOiB. Pe3ynbratn BUNpo-
OyBaHb Ha IUKJIIYHY JOBIOBIYHICTh HaBeeHI y Ta0muili 1.2. [Ijis BU3HaYeHHS KUIbKOCTI IIUKJIIIB 70
pyWiHyBaHHS 3pa3KiB Oyio BuOpano HanpysxeHHs 380 MIla. Sk BumHO 3 TaOIUIT, IPH TAKOMY HaTIpY-
keHHi 3pa3ok 0e3 1b 3pyitayBaBcs micis 297 600 nukiis, a micns 1b Burpumas 1000 000 nukmis 6e3
pyiHyBaHHA. 30inblIeHHS HanpyxeHHs g0 430 Mlla npusBeno 1o pyiHyBaHHs, aje P [bOMY J0B-
TOBIYHICTh 3pocia ~ B 1,5 pa3u.

Tabmurs 2 — Brug 1b Ha 1UKITiYHY JOJATOBIYHICT

arepiai i 00poOka Hanpsoxennst, MIla | KijbKicTh HUKIIIB J0 Pesynbrar
pyiHYBaHHS BUTIPOOYBaHb
Crans 40X, mokparieHHs 380 297600 3pyHHYBaBCS
Crainp 40X, nokpani. + Ib 380 1000000 He 3pyHHYBaBCsI
Crans 40X, mokpamt. + Ib 430 453840 3pyHHYyBaBCS
BucnoBkn

1. ITpu Ib Ha noBepxHi BUPOOY peani3yroThCs J1Ba MPOIECH — 3HAYHE 3MEHIICHHS IOPCTKOCTI
Ta (hopMyBaHHs TOHKOTO (MeHIIEe | MKM) MOAN(IKOBAHOTO APy, MO MOETHYE CYOMIKpPOKPUCTATIUHI
Ta HAHOKPUCTATIYHI eJeMeHTH CTpyKTypH. Came 1l Imap BU3HAYa€ MOBEIIHKY BUPOOY mpu aedop-
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Marlii po3TSATYBaHHSAM Ta i Ji€I0 MUKITIYHAX HABAHTAXKEHB, TOl K MEXaHIYHI XapaKTEPUCTHUKH Cep-
neBuHH I1iciis Ib He 3MIHIOIOTHCS.

2. lonHe 6omMOapIyBaHHS CIIiJT PO3TISAATH K OJUH 13 e(DEKTUBHUX METOMIB MiABUIIICHHS
IUKJIIYHOI IOBIOBIYHOCTI BUPOOiB
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Abstract. The peculiarities of AK18 alloy (B-Sn) structure formation, mechanical properties, friction and
wear parameters formation depending on the regimes of physical and chemical melt processing and ther-
mocycling in the solid state have been established. Observed structural changes (the £-Si and eutectics ra-
tio, the primary and eutectic £-Si crystals shape and size, eutectics differentiation increasing, the pseudo-
primary aluminum solid solution (a~Al) dendrites appearance provide an improvement in the complex of
mechanical properties and a reduction in wear friction parameters. The obtained experimental data allow
to recommend a complex treatment "hydrogen treatment for 40 min + thermal cycling in the solid state at
475-485°C for 5 cycles" to improve the complex of mechanical properties and reduce the wear friction pa-
rameters.

Key words: hyper-eutectic AISi alloy, microalloying, hydrogen treatment, hydrocircular treatment, thermal
sycling.

BILIUB ®I3UKO-XIMIYHOI OFPOBKH B TBEPJJOMY TA PITKOMY
CTAHAX HA CTPYKTYPY TA BJIACTUBOCTI BAEBTEKTHYHOI'O CH-
JIYMIHY AK18(B-Sn)

Awnos O.A., cryaent, Hocko O.A., noueHr,
Awnosa T.A., K.T.H., 1oueHT, Kymuunncoka A.Q., K.T.H.
YkpaincbKuii 1ep:kaBHMI YHiBepCUTET HAYKH i TeXHOJIOTii

Anomayia. Bcmanogieni 0cobaueocmi CmyKmypoymeopents, (opmyeants MexaHiuHux Giacmueocmet,
napamempi mepms i 3uocy cnuagy AKIS (B-Sn) 6 3anesxxcrnocmi 6i0 pedicumie (izuko-ximiuHoi oOpooKu po3-
niasy i mepmoyurmosanis 6 meepoomy cmani. Cnocmepesicyéami cmpykmypHi aminu (cniegionowennst [3-Si
ma  esmekmuxy, Qopmu i poamipy nepeunHux i esmexkmuuHux Kpucmanie [-Si, niosuwenns ougepen-
YIt0BAHHSL €BMEKMUKU, NOSGI OHOPUMIE NCeBOONEPSUHHOLO AIIOMIHIEB020 MBEepO020 po3iuny (a-Al) 3abes-
neuyioms NOMNUEHHS. KOMIIEKCY MEXAHIYHUX GIACIMUBOCHEN MA SHUMICEHHS NAPpAMEempie mepms 3HOC).
Ompumani excnepumeHmainbHi Oani 003601510Mb PEKOMEHOY8AMU KOMIIEKCHY 00POOKY «800Hesa obpodKa
40 x6 + mepmoyixmosarts 6 meepoomy cmani npu 475-485°C 5 yuxniey» 01 noninuieHHs. KOMIAEKCY Me-
XAHIYHUX 1ACMUBOCIEU A 3HUNCEHHS NAPAMEMpPI8 mepms 3HOCY.

Knwuogi cnosa: 3aesmekmuunuti CUIyMin, MiKpoLe2y8anus, 600Heea 00pooKa, 2iopo yupKyiayiliHa
00pobKa, MePMOYUKTIOBAHHSL

Introduction

Hypereutectic silumins are used as casting alloys for the production of pistons of internal combus-
tion engines and a number of other parts manufactured by shaped casting methods. Silumins have good

13 HaykoBuit kepiBHuK 11pod., 1.T.H. Kaninina H.€.



125

casting properties, weldability and machinability, high modulus of elasticity, relatively low cost [1]. Often,
the use of these alloys for the manufacture of semi-finished products by the method of continuous casting is
complicated by the formation in the structure of coarse primary crystals of 3-Si solid solution, large plates
of eutectic silicon crystals and brittle intermetallic phases, which reduce the manufacturability of the mate-
rial during casting and the operational properties of the finished products. Crystals of the primary B-Si solid
solution are the main source of crack initiation and play a dangerous role in the operation of products, in-
cluding pistons.

Analysis of publications

The effective factor that determines the favorable structuring of industrial silumins, ensures an in-
crease in their strength and plasticity, is modification [2]. At the same time, there are few data on the posi-
tive influence of the boron-tin complex on the size of primary B-silicon crystals and eutectic differentiation.
However, the influence of the boron-tin complex on structure formation, phase composition, distribution of
elements between phases and structural components, and properties of AlSil8 alloy has not been studied
enough.

The positive effect of hydrocirculation (HCT) and hydrogen (HT) methods on the structure and
properties of silumins, in particular, density [3-5] is known, but data on the effect of these methods on the
structure and properties of modified hypereutectic AISi alloys are limited [6, 7], which does not allow to
choose parameters of targeted influence on the structure and phase composition of the alloy, which ensure
the required level of its mechanical properties and wear resistance. In this regard, the study of the the struc-
ture formation regularities of the AlSi18 type alloy containing the boron-tin complex, the formation of its
mechanical and operational properties depending on the regimes of HCT and HT of the melt and rational
regimes of thermal cycling treatment (THC) in the solid state with the aim of increasing the complex of
mechanical properties and wear resistance are relevant.

The relevance of the study is based on the absence of data on the total effect of modification with a
boron-tin complex, hydrocirculation (HCT), hydrogen (HT) treatment of the melt, as well as thermal cy-
cling in the solid state on the formation of the structure and mechanical and operational properties of the
AlSi18 alloy, which does not allow choosing the treatment parameters to ensure the required level of me-
chanical properties and wear resistance.

The purpose of the work is to establish the regularities of structure formation, phase transfor-
mations in the AlSi18(B-Sn) alloy, depending on the cooling conditions and the type of physicochemical
method of treatment in the liquid and solid state to increase the complex of mechanical properties and wear
resistance.

The main research material. The object of the study was the samples of modified AlSi18(0.05B-
Sn) alloy (table 1).

Table 1 - Average chemical composition of the AlSi18(0.05B-Sn) experimental alloy

Alloying elements, %
Alloy
Si Fe Mn Mg B-Sn Al
AlSi18(B-Sn) 18,0 0,3 0,2 0,3 0,05 base

Modern methods of research were used to conduct the experiments: microstructural, X-ray struc-
tural, local X-ray spectral, measurement of hardness, microhardness and a complex of mechanical proper-
ties on equipment that passed state verification. Thermal cycling in the solid state was carried out in five
cycles in the temperature range of 475-485°C. Treatment modes are listed in Table 2.
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Table 2 — AISi18(B-Sn) alloy processing modes

AK18 (B-Sn) alloy processing modes Sample Ne

The initial slowly cooled alloy 1

The initial alloy slowly cooled after TCT

30 min of HCT followed by slow cooling

30 min of HCT followed by rapid cooling and TCT

20 min of HT followed by slow cooling

20 min of HT followed by slow cooling and TCT

40 min of HT followed by a rapid cooling

O N|oOjgT|B~|WIN

40 min of HT followed by a rapid cooling and TCT

Research results and their discussion

The structure, phase composition, and mechanical properties of hypereutectic AlSi18(B-Sn) al-
loy after physicochemical treatment in liquid and solid states in accordance with Table 2 were studied

(fig.1).

5 6 7 8

Fig. 1. Microstructure of the AlSi18(B-Sn) alloy after treatments according to Table 2

The main phases and structural components of the modified AK18 alloy are silicon solid solu-
tion S —Si, eutectic - — Al + #—Si and aluminum solid solution o-Al. Alloying elements and im-

purities form intermetallic phases, which, due to metallographic analysis and etching, are identified as
intermetallics as (FeMn)sSi>Alss type.

Analysis of the microstructures of the samples (Fig. 1) shows that with an increase in the cool-
ing rate, a decrease in the size of the primary crystals of the B-Si solid solution and their significant
branching is observed (Figs. 1, 1, 2). There is also a decrease in the cross-sections of eutectic silicon
crystals and the interlamellar distance in a-Al-B-Si eutectics, the eutectic morphology remains lamel-
lar.

Hydrocirculation (Fig. 1, 3) and hydrogen (Fig. 1, 4) treatment, along with thermal cycling, also
leads to a change in the shape and size of the crystals of the primary and eutectic silicon solid solution,
increased eutectic differentiation, and the appearance of pseudo-primary dendrites of aluminum solid
solution (a-Al)

The studied alloy is used for the manufacture of pistons of internal combustion engines operat-
ing under cyclic loads. When loading during operation, a deformation relief (DR) is formed on the sur-
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face of the piston. DR is caused by the phenomena accompanying the plastic deformation of the sur-
face layers - the formation of slip bands, extrusion, intrusion, rotations of the dislocation structure.
For the quantitative assessment of fatigue damage of polycrystalline materials, the authors of [8] sug-
gest using parameter D, which characterizes the saturation of the surface layer with traces of DR. If the
area of the controlled surface is equal to A, and a part of this surface with area S occupies DR, then:

S
D=~ ()

The determining factor in the formation of DR is local plastic deformation caused by disloca-
tion mechanisms. Dislocations, moving along slip lines in the direction of maximum stress, reach the
free surface, which leads to the formation of steps and shear bands. The formation of a shear step leads
to an elementary change in the topography of the surface and, accordingly, to an increase in its area.
Thus, the formation of DR should be accompanied by an increase in surface area.

An important characteristic of the strength of the alloy is the plastic deformation of the sur-
face:

h
Ssz ®)

where h is the average height of DR, which characterizes the wear resistance of the alloy.

The area of the controlled surface is equal to A and is the same for all tested samples.

Figures 2 - 4 show microphotographs, profilograms with 2-D images and 3-D images of the
friction track of samples of AlISil18 alloy (B-Sn) depending on the modes of physical, chemical and
thermal treatment after wear tests on the "Micron-tribo" friction machine. Profilograms were obtained
at the Micron-alpha profilographer.

Table 3 shows the structural parameters of the AlSi18(B-Sn) alloy depending on the processing
modes: the quantitative ratio of the primary crystals of the 3-Si solid solution and the a.-Al-B-Si eutec-
tic, the linear dimensions of the primary crystals of the B-Si solid solution and the cross sections of the
crystals of the eutectic silicon solid solution. Analysis of the data in Table 3 shows that hydrocircula-
tion treatment leads to an average increase in the number of primary crystals of the B-Si solid solution
by 14% and a decrease in the amount of the eutectic component by 2% compared to the original alloy.

w 1 LY ) >0

Fig. 2. Microstructure, profilograms with 2-D images and 3-D images of the friction track of the origi-
nal AlSi18 (B-Sn), slowly cooled alloy
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Fig. 3. Microstructure, profilograms with 2-D images and 3-D images of the friction track of
AISi18(B-Sn) alloy after 30 min of hydrocirculation treatment followed by slow cooling and thermal

cycling
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Fig. 4. Microstructure, profilograms with 2-D images and 3-D images of the friction track of AISi18
alloy (B-Sn) after 40 min of hydrogen treatment followed by rapid cooling and thermal cycling

Table 3 — Structural parameters of AlSi18(B-Sn) alloy depending on processing modes

e average % structural components Linear dimensions, pm
g G} % Primary c_rystals o — Al + 3 — SiPrimary cr;_/stals Eute_ctic Interlaminar distance
B-Si B-Si Si in the eutectic
1 10 90 245,5 88,5 17,28
2 7,73 92,27 194 32,5 9,92
3 11,4 88,6 255,8 82,6 19,41
4 12 88 193 29,6 9
5 6,33 93,67 158,1 67,2 11,95
6 6 94 108 60 12,3
7 6,48 93,52 103,9 27,1 5
8 6,2 93,8 70 14,6 7

At the same time, hydrogen treatment reduces the number of primary crystals of the B-Si solid
solution by an average of 36 % and increases the amount of eutectics by 3 % compared to the original

alloy.

The hydrocirculation treatment of the melt practically does not affect the linear dimensions of
the primary crystals of the B-Si solid solution. Hydrogen treatment of the melt significantly reduces
the linear dimensions of primary crystals of 3-Si solid solution and eutectic silicon by an average of

23-35 %.

Thermal cycling in the solid state additionally reduces the linear dimensions of (3-Si solid solu-
tion and eutectic silicon crystals by 58-84 % compared to the initial state. Hydrogen treatment signifi-
cantly reduces the intercellular distance in the eutectic by an average of 30%, thermal cycling addi-
tionally reduces this parameter by an average of 58 %. The minimum structural parameters are formed
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during hydrogen treatment of the melt for 40 min, followed by rapid cooling and thermal cycling,
while the amount of the eutectic component is maximum.

Tables 4-5 show the mechanical properties and parameters of friction and wear of the AlSi18
(B-Sn) alloy, depending on the type of physical and chemical treatment in the liquid state and heat
treatment in the solid state. A clear relationship between structural parameters, mechanical properties
and parameters of friction and wear is observed. Analysis of table 5 data shows that thermal cycling of
the tested alloy increases hardness by 43 %, strength by 43 %, microhardness of 3-Si solid solution by
74 %, eutectic by 142 %, increasing parameter D and plastic deformation of the surface.

Hydrocirculation treatment of the alloy and thermal cycling additionally increase the hardness
of the alloy compared to the initial state by 105 %, strength by 136 %, microhardness of the solid solu-
tion by 29 %, eutectics by 94%, while friction and wear parameters are reduced. Hydrogen treatment
of the melt for 20 minutes followed by slow cooling practically does not change the mechanical prop-
erties of the alloy and reduces the parameters of friction and wear compared to the initial state.

Increasing the duration of hydrogen treatment to 40 min with subsequent rapid cooling and
thermal cycling provides an increase in hardness by 27 %, strength by 65%, microhardness of the 3-Si
solid solution by 40 %, eutectic by 316 % and a decrease in friction and wear parameters, which is due
to the structural parameters of the alloy, quantitative the ratio of the eutectic component and the prima-
ry crystals of the 3-Si solid solution, as well as the redistribution of alloying elements between phases
and structural components during processing.

Table 4 - Mechanical properties of AlSi18(B-Sn) alloy depending on the processing mode

;?gn]\f; HB o, MPa | Hp SB—Si,MPa Hu (o — Al + B —Si) MPa
1 75,9 99 6600 165
2 109 141,7 11546 400
3 156 234 8514 321
4 130 195 7789 315
5 81 105,3 6600 147
6 155 201 0842 724
7 72,5 94,25 7380 186
8 126 163,8 9292 687

Table 5 - Wear and friction characteristics of AlSi18 alloy (B-Sn) depending on the processing
mode

AlSil18 (B-Sn) pro- Track depth |Friction force| Saturation of the surface |Plastic deformation
cessing modes N, um F.g layer with traces of DR,D | of the surface, &
1 3,7 17 0,42 0,061
2 4 20 0,48 0,067
3 34 11 0,46 0,056
4 4,1 13 0,44 0,068
5 2,9 22 0,34 0,044
6 4 16 0,42 0,66
7 3 18 0,38 0,061
8 4 15 0,37 0,48

Thus, the analysis of experimental data allows us to recommend hydrogen treatment for
40 minutes followed by rapid cooling and thermal cycling in the solid state for the formation of a fa-
vorable structure and improvement of properties. Such processing parameters provide high strength of
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the alloy along with the material's resistance to destruction. This treatment provides high microhard-
ness of the structural components, and the parameters of friction and wear are minimal.

Resume

The structure, phase composition, mechanical properties, friction and wear parameters of AK18 al-
loy (B-Sn) depending on the modes of melt physico-chemical processing and thermal cycling in the solid
state were studied. It is shown:

- hydrocirculation and hydrogen melt processing with thermal cycling in the solid state leads to a
change in the quantitative ratio of primary crystals (solid solution and eutectic, the shape and size of prima-
ry and eutectic crystals of silicon solid solution, increased eutectic differentiation, the appearance of pseu-
do-primary aluminum solid solution (c-Al) dendrites;

- the observed structural changes ensure the improvement of the mechanical properties complex
and the wear friction parameters reduction;

- the dependence of the wear resistance of the AlSi18(B-Sn) alloy on the modes of physical and
chemical treatment in the liquid state and thermal cycling in the solid state was determined using the mi-
croindentation method. It was found that increasing the exposure time during hydrocirculation treatment up
to 30 minutes leads to a decrease in wear resistance compared to the initial state of the AK18(B-Sn) alloy.
The indicator of the wear factor increases almost three times. The use of thermocycling after TCT equalizes
the indicators of the wear factor with those of the original alloy. It was established that the AlSi18 (B-Sn)
alloy has the maximum wear resistance after hydrogen treatment for 20-40 minutes, the cooling rate does
not effect the wear resistance indicators, it is not necessary to use thermal cycling, the wear resistance in-
creases by 20% compared to the original alloy.

- the obtained experimental data allow to recommend for practical use hydrogen treatment for 40
minutes followed by rapid cooling and thermal cycling in the solid state at 475-485°C for 5 cycles to im-
prove the complex of mechanical properties and reduce wear friction parameters.
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VJIK 621.91.01
JOCJLKEHHS SIKOCTI JETAJIEI 3 BACOKOMIIIHOT'O YABYHY

Mauan I.C., c1. rp. MC-21-21, Tpynos L.P., ct. rp. MC-41-19, XHA1Y

Anomauia. B pobomi docniodxicysanu eniue MiKpoCmMpyKmypu i meepoocmi 8UCOKOMIYHO20 YABVHY HA
sucomnuil (Ra), kpoxosuii (Sm) ma cmpyxkmypnui napamemp (tp) wopcmxocmi npu 06pobyi Haomeep-
oum iHCmpymeHmanoHum mamepiarom. Hailikpawy 30amuicms 00 npupobku (32i0HO CMPYKMYPHO20
napamempa t,) Marome Ya8yHU NICIA 2APMYBAHHA | HU3bK020 8I0NYCKY M NOOGIUHOI HOpMAi3ayii.
Knrouoei cnosa: sucoxomiynuil 4agyH, mepmiuHa o6pooOKa, WopcmKicms, meepoicia.

INVESTIGATION OF THE QUALITY OF PARTS MADE OF HIGH-STRENGTH
CAST IRON

Machan 1., student of group MC-21-21, Trunov I., student of group MC-41-19,
KhNAHU

Abstract. The paper investigated the influence of the microstructure and hardness of high-strength
cast iron on the height (Ra), step (Sm) and structural parameters (t,) of roughness during processing
with superhard tool material. The best running in ability (on structural parameter tp) has cast iron
after hardening and low-temperature tempering and double normalizing.
Key words: high-strength cast iron, heat treatment, roughness, hardness.

Beryn

B nmanmii yac mmpoke 3acTOCYyBaHHS SIK MaTepiall AeTayiell ABUTYHIB TPaKTOpiB i KOMOaiiHiB
3HAXOJUTh BHCOKOMIITHHN YaByH 3 KynsictuM rpaditom (BUKT), sikuii moeaHye TEXHONOTIYHICTD Ci-
pOro 4aByHy 3 KOMIUIEKCOM BJIACTHBOCTEH BHIIHX, HK Y KOBKOTO YaBYHY 1 B Ps/l BUIAJKIB HaBITh
nuToi 1 KoBaHoi ctami [ 1, 2].

BucokominHuii 4aByH MOKE MaTH Pi3HOMaHITHHI KOMILIEKC BIACTUBOCTEH 3aBJ/ISIKH HAsBHOC-
Ti BENUKOI KIJILKOCTI CTPYKTYp METaJeBOi MAaTpHIli, SIKi CTBOPIOIOTHCS PI3HUMH BUAAMHU TEPMidHOT
00poOku [3, 4].

AHaJji3 myOaikamnii

Excroryarariiiai BmacTHBOCTI MaTepian HaOyBae Iicisl 0OCTaTOYHOI MeXaHidHOi 00poOKH, sKa
crpusie (HOpMyBaHHIO MOBEPXHEBOIO IIapy 3 MEBHUMH MapaMeTpaMHu IIOPCTKOCTI [5]. 3anexHicTh
eKCIUTyaTall[ifHUX BIIACTUBOCTEH BiJ] TapaMeTPiB MOPCTKOCTI BUKIMKAE HEOOXIHICTh BUBYSHHS BHCO-
THHUX Ta KPOKOBHX XapaKTEPUCTUK HEPIBHOCTEW MOBEPXHi, CTPYKTYpPHOTO mnapamerpa I, Ta ¢axTopis,
110 iX BU3HAYAIOTH.

B icHyrounx myOuikaiisix He pO3KpHTO 0COOIMBOCTI 3aiexxHocTi mopctkocTi BUKT Bix Buxy
TepMidHOT 00pOOKH, siKa 3a0e3edye OTpUMaHH HEOOXiIHOI MIKPOCTPYKTYPH 1 BIaCTUBOCTEM.

Tomy MeToro 1i€l poOOTH € BCTAHOBJICHHS 3aJISKHOCTI MMapaMeTpiB MOPCTKOCTI Bijl PEKUMIB
TEpPMIYHOT 0OpPOOKH.

14 PoGora BuKkoHana i kepiBHuTBOM Monenta Jlanazaposoi H.O.
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MeToauKH J0CTiIKEHb

Jlis mpoBeeHHS JTOCIIPKEHbh BUKOPUCTOBYBAJIM BUCOKOMIITHMM YaBYH XIMIYHOTO CKIIaAY:
3,3-3,8 % C; 2,4-3,2 % Si; C+1/3 Si = 4,25-4,35 %; 0,004-0,007 % S; 0,5-0,9% Mn; 0,045-0,008 %
P; 0,05-0,1 % Cr; 0,1-0,15 % Ni; 0,04-0,09 % Mg, npu BUPOOHHIITBI SKOTO HE MOTPiOHI medinuTHi
JISTYBJIbHI €JIEMEHTH 4M Mojudikaropu. B muromy craHi s yaByHY XapaKTepHa pO3BHHEHA JIiKBa-
ITis TPAKTHYIHO BCIX XIMIYHUX €JIEMEHTIB: KpEMHIW CXMILHUAN 0 3HAYHOI 3BOPOTHOI JIKBaIIii, Mapra-
Herb 1 pocop — mo mpsamoi. CTpyKTypa JIUTOTO YaBYHY - EPIIT i pepuT y BUTISAAI OOIAMIBKH HABK-
pyrH BKJIOYEHb Tpadity. Taka CTpyKTypa He J03BOJISE OTPUMYBATH BUCOKHI PiBEHh MEXaHIYHHX BJIa-
ctuBoctel. [y oTpuMaHHS Pi3HOMAaHITHOTO KOMIUIEKCA BIIACTUBOCTEH YaBYH IiJaBalid HOpMaliza-
ii 3 Mmbkkputuaaoro iatepsany (MKI), moasiitHiit HopMaizanii, rapTyBaHHIO 3 BUCOKHM 1 HU3bKHM
BiJIITyCKOM 32 PeXUMaMH, HaBEJICHUMH B TaOII. 1.

MertaorpadivHi JOCTiKESHHS IPOBOMIINCS 32 3araIbHONPUHHATO METOJMKOI0 Ha METaJIO-
rpadiuaomy Mikpockorni MIM-8. TeepnicTh BUMipIOBaiM Ha TBepIoMipi BpiHemis TBepaoCIIaBHOO
Kynpkoro niametpoMm 10 mm. Ilpodimorpamy moBepxHi 3amucyBaiyd Ha TMOPTATUBHOMY BHMIiprOBadi
mropctkocti mozen TR200.

HocaigxeHHs napaMeTpiB MIOPCTKOCTI YaBYHY 3 Pi3HOI0
CTPYKTYPOR i TBepaicTIO

SAxicte oBepxHi aeraneit 3 BULLI, sxi Oynmu oOpoOiieHi pi3isaMu 3 HAATBEPIOro Marepiamy
Ha (HTM) ocHoBi kybiunoro HiTpuay 6opa (KHB) , ouintoBanu 3a BucotHum (Ra - cepenne apudme-
TUYHE BIAXWICHHS) Ta KPOKOBUM (Sm - cepeiHill KPOK HEpiBHOCTEH) mapameTpamu, 3HAUYEHHS SIKHX
3aHOCHJIM B Ta0I. 1.

Ha mapamerpu mopcTtkocTi 00poOIeHOi MoBepXHI HacaMIepes BINTMBAIOTh MIKPOCTPYKTYpa
Ta TBEpIicTh YaByHy. LLIOopCTKICTh MOBEPXHI YaBYHY 3MEHIIYETHCS 31 3pOCTaHHIM TBEPAOCTi (Tadu. 1).

Tabmums 1 - Pexxumu tepmivnoi 06poOku Ta MikpocTpykTypa BUKI', mapameTpu mopcTkocTi

CraH 4aByHY
Jlutwii ctaH, [MongiitHa HOpMaTi- Hopwmanizamis 3 l'apryBan-
KpYITHOILIACTHH- 3arlis, ApiOHOIMC- MKI, nep- HS+HU3BKUHI Big-
yaTuil nep- MepCcCHUM nep- niT+pepur+KI' IIyCK, MapTEH-
[Tapamer- . - N
nit+depur y Bu- niT+depur CUT-F3aJIMILIKOBUI
pH TIIs111 OOJISIMIB- aycteHiT+KI
HepiBHOC- «i+KT
TeH, MM Teepaicts uaByny, HBW
210-220 | 250-260 | 275-285 | 470-480
YMOBHHI HOMEP YaBYHY
1 2 3 4
Ra 0,00135 0,0007 0,00075 0,00063
Sm 01325 0,093 0,1125 011

HaiimMeH1ra miopcTKicTh MOBEPXHI MPU 0O0pOOINl YaBYHY 31 CTPYKTYPOIO MApPTEHCHT BiJITyCKY
tBepaicTio 470-480 HBW, naiibinpia - mpu o0poOiii TUTOTo YaByHY 3 MEPIITO-PEPUTHOIO CTPYKTY-
poto tBepaicTio 210-220 HBW. IlpoTe sik TBepaicTh, Tak i 0COOIUBOCTI MIKPOCTPYKTYPH TPalOTh BH-
3HavYaNbHYy POJIb Y popMyBaHHI Mikpopenbedy. HalOiiblna mopcTKiCTh Y JUTOI0 YaBYHY MOSICHIOETh-
CSl HasBHICTIO BEJIMKUX AUISHOK (PEpUTY HABKOJIO TNOOYNiB rpadiTy, HasIBHICTIO KPYNHUX IUIACTHH
LEMEHTHUTY, TOOTO Ma€e Miclle CTPYKTypa IpyOoro KoHriomepaty. YaByH miciisi HopMamizauii Mae Oi-
JBIITY TBEPIICTH 1 OiNbIy BUCOTY HEPIBHOCTEW IIIC/IS TOYIHHSA, HDK OLIbII M'SIKMH 4aBYH MICIs MO-
JBiKHOT HOopMautizarii. [{e, MOKJIMBO, MOXKHA MTOSICHUTH THM, 1110 IICJIS MOABIHHOI HOpMaIi3allii yTBO-
PrOEThCs OLTBIT JUCTIEpCHA MEPIITO-pepuTHa CTPYKTYpa, YUM ITiCIIs HOpMaJTi3ailii.
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Bucora HepiBHOCTEH 3aJICKUTH BiJl MBUAKOCTI pizaHHs. B Tabn. 2 HaBencHI 3HAUCHHS OITH-
MaJIbHOT IMIBUIKOCTI Pi3aHHs, TIPH SKilf OTpUMaHI MiHIMaJIbHI 3HAYEHHS MTapaMeTPiB MIOPCTKOCTI.

SxicTe 00po0eHOl MOBEPXHI OLIHIOBATIH TAKOX 32 CTPYKTYPHUM napameTpoM tp. CTpykTyp-
HUI1 mapameTp tp, HepiBHOCTEH MOBEpXHi BIUIMBAE HA YMOBH TEPTs Ta 3HOCY AeTalel y mpoleci ix eKkc-
TuTyaTamii. [HTEeHCHBHICTD 3HOITYBAHHS 3AJIEKUTH, 30KPEMa, B/l BEIMYNHHA (PAKTUIHOTO KOHTAKTY Jie-
tajnei. OnopHa KpUBa XapaKTepHU3ye HEPIBHOCTI MTOBEPXHI B TOMY CEHCI, IO TOKa3y€e 3aKOHOMIPHICTh
3pOCTaHHs IUIOILI OMOpYy Y BUOpaHOMY Tepepisi IpH 30mKkeHHi (y Mpoleci KOHTaKTyBaHHs) abcoo-
THO TJIAJKOTO TiJIa 3 IOBEPXHEIO, 110 MA€ HEPIBHOCTI.

Tabmi 2 - OnTUManbHi 3HAYSHHST MIBUAKOCTI pizaHHs npu TovinHi yaByHy HTM Ha ocHoBi
KHB mst orpumMaHHs MiHIMaIbHUX BEJIMYWH IIOPCTKOCTI

YMOBHUIT HOMEp YaBYHY 1 2 3 4
OnTuMalibHa MBUAKICT Pi3aHHs, M/C 3,5-4,0 5,5-6,0 5,0-5,5 2,5-3,0
Ra, MKM 1,35 0,7 0,75 0,63

3HaYHUH BIUIMB Ha EKCIUTyaTalliifHi BIACTUBOCTI MOBEPXOHb JeTalleii MaroTh HEPIBHOCTI Bep-
XHBOTO IIapy, po3ramoBani Ha piBHI 30-40 % Bix Rmax. Po3monin marepiany HepiBHOCTEH y mpomy
nrapi BIUIMBA€ Ha 3HOC MIOBEPXOHB TepTs (Tabm. 2). 3 i€l Touku 30py HAMOLIBII CIPUATIMBUMH € Ya-
BYHH 31 CTPYKTYPOIO MapTEHCHUT BIAMYCKY Ta MEPIiTO-pepUTHA CTPYKTypa YaBYHY MicCIs MOJBIHHOT
HopMamizarii (tp = 45 % Tta 39 % BignosimHo Ha piHI 40 %) (Tabm. 3).

VY movarkoBuii nepiosi poOOTH TOBEPXOHB, IO TPYTHCS, X KOHTAKT BiIOYyBA€THCS O BEPIIH-
HaX HEePIBHOCTEH, B pe3yJIbTaTi 40ro (haKTUYHA MOBEPXHS 3ITKHEHHSI CTAHOBUTD JIMIIIC HEBEJIIMKHUIA Bil-
COTOK BiJ] pO3paxyHKoBOi. ToMy Ipu Maiii MJIONIi 3iTKHEHHS B MICISIX KOHTaKTy BUHHKAIOTh BEJIMKi
IUTOMI THCKY, IO MPU3BOIATH A0 IHTCHCHBHOTO MOYATKOBOTO 3HOCY JAeTajiel, BAHMKHEHHIO BY3IIiB
CXOTUTIOBAaHHS. BIUTMB MIOPCTKOCTI Ha MOYATKOBE 3HOLITYBAHHS JICTalli MOB'SI3aHUN HE TLTBKH 3 PO3Mi-
pamu GaKTHYHOT TOBEPXHI KOHTAKTY, ajie i 3 (JOPMOIO HEPIBHOCTEH.

Tabmurs 3 - BinmaocHa oropHa JOBXHHA by Ha pi3HUX piBHSIX, %0

'YMoBHUi HO- PiBHi BUMipIOBaHs 1, %
Mep YaByHY 10 20 30 40 50 60 70 80 90
1 8 19 25 30 38 42 64 83 97
2 5 19 38 39 53 59 66 77 94
3 2 9 19 33 44 58 72 84 92
5 3 17 37 45 53 70 84 95 98

[Ipugomy npiOHI Ta YKCIIEHHI HEPIBHOCTI 3a0€3MeUyIOTh OiIBITy 3HOCOCTIHKICTh, HIXK BEIIHKI
HepiBHOCTI OiNbIIOro KoKy [6, 7]. 3 1bOro MOrJsiay CHpUSTIIMBA CTPYKTypa MapTEHCHUTY, OCKUIBKU
miciist 11 00poOku popmyrorses apidHi (Ra = 0,63 MkM, Sm= 0,11 MM) Ta YnCIIEHHI HEPIBHOCTI.

[Tpu 06poO1Ii MOBEPXOHB, IO MAIOTh BEIMKY TOYHICTh 1 HEBEJIMKI PO3MipH MPH BEIHKIH MIOP-
CTKOCTi, KOJHM B TI€piOJl MOYAaTKOBOTO 3HOLIYBaHHS BHCOTa HEPIBHOCTEH MOXKE 3MEHIIUTHCS Ha
65-75 %, 3a30p y 3'€JJHaHHI MOXKE JIOCSATTH BEJIMYUHM JIONMYCKY HA BUTOTOBJICHHS JETall 1 TOYHICTH
3'eqHaHHs Oy/ie MOBHICTIO MOPYIIEHA. Y TaKUX BHIIAJKaX IOPCTKICTh JeTaleh MOBUHHA OyTH MiHIMa-
JIBHOIO.

V pasi, Koau B KiHIII AUITHKH IPUPOOKH 3HOC nocsrae 65-75 %, MoxXyTb OyTH pEKOMEHI0BaHi
JI0 3aCTOCYBaHHS YaBYHHU IIIiCJIS TOABIHHOI HOpMamizamii Ta rapTyBaHHS 3 HHU3bKHUM BiJITyCKOM
(tabm. 3).

BucnoBxku

1. Sk moka3zanu pe3ysbTaTd JOCHTIHKEHb Ha MIOPCTKICTH 0OPOOIIIOBAHOTO YaBYHY BIIMBAE HE
TIBKY TBEPIICTD, a i MIKpOCTPYKTYpa. [IpH IboMy TBEpPAICTh BIUIMBAE HA BUCOTY MIOPCTKOCTI, & MiK-
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POCTPYKTypa 1 Ha pO3IOALT MaTepialry HepiBHOCTEH 3a BUCOTOIO B 0 10 Rmax (BiMHOCHA omopHa 10-
BKHHA tp).

2. lllopcTkicTh Mae HAHOUTBIN 3HAYHUM BILTUB HA pupoOIroBaHicTh. Halikpamry mpupo0iro-
BaHICTb MalOTh YaBYHH IiCJIs TapTyBaHHs 1 HU3BKOTO BiAIMIYCKY, a TAKOXK MOABIIHOT HOpMaTi3alii.

3. Po3pobieno pexoMeHaallii Mmoo Ipu3HadeHHS ONTUMAaIBHOI MIBUIKOCTI pi3aHHS 3 METOIO
OTpUMaHHSI MiHIMaJIbHOI IIOPCTKOCTI JUISl YaBYHIB 3 Pi3HO MIKPOCTPYKTYPOIO Ta TBEPIICTIO.
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VJIK 621.771.23.09

JTPECUPYBAHHSA JTUCTOBOI CTAJII IS XOJIOJJHOI IITAMIIOBKHA'®

Icmainos P.C., crynent, KoroBa T.B., K.T.H., 101leHT
YkpaiHcbKuil 1ep:kaBHUI YHIBEPCUTET HAYKH i TEXHOJIOT I

Anomauis. /[ocniosiceno eniue Opecupysanus Ha eracmusocmi eapsiuekamarnux cmanei 08xn, 08IOA.
Busnaueno, wo 3 memoro niosuwjents nIACMUYHOCME Ma OMPUMAHHSL PIGHS 61ACMUBOCMEN MEMATLY
3eiono 3 JICTY 7808:2015 ooyinbno écmanosumu payionanbHi pexcumu  Opecupy8anHs AUCmo8oi
cmaii.

Knwuogi cnoea: opecupysanis, 1ucmoea Cmanb, MEXaHiuHi 61ACMU8OCMI, 2apsaya npoxkamia, niac-
MUYHICIMb, XOT0OHA UWMAMHOBKA.

SKIN-ROLLING OF SHEET STEEL FOR COLD PRESSING

Ismailov R.S., student; Kotova T.V., Ph.D., associate professor;
Ukrainian State of Science University and Technologies

Abstrac. The effect of skin-rolling on the properties of hot-rolled steels 08xn, 08FOA has been studied.
It has been established that it is expedient to establish rational modes of tempering sheet steel to ob-
tain properties in accordance with JCTY 7808:2015.

Key words: skin-rolling, sheet steel, mechanical properties, hot-rolling, ductility, cold pressing.

JpecupyBaHHs € OJIHIEIO 3 KJIIOYOBHX OIEpalliii B TEXHOJIOTTYHOMY IPOIeCi BUPOOHMIITBA Tra-
PsIUEKaTaHOro JIMCTOBOTO MPOKATY [UIA XOJOAHOI IITaMIIOBKHU. JlpecupyBaHHS NPpH BUPOOHHULTBI JIHC-
TOBOI CTaJli BUKOPHCTOBYIOTH B IIPOLECI MiArOTOBKH rapsyeKaTaHux IITad 1O XOJIOAHOI MPOKATKH 3
METOI0 BUJIJICHHS OKAJTMHHU 3 TX TIOBEPXHI.

JpecupyBaHHsI 3aCTOCOBYIOTH JJIsl YCYHEHHS 3y0a 1 MJIOIIa KK TEKy4OCTi Ha KPUBUX PO3TAT-
HEHHS 3pa3KiB rapsyeKaTaHoro JINCTOBOTO MIPOKATY i THM CaMHM 3aro0iraHHsl yTBOPEHHIO CMYyT—ITiHIH
KOB3aHHSI Ha MOBEPXHI IITAMIIOBAHUX JETAJCH, 1)1 3MEHIICHHS XBHJISACTOCTI, KOPOOOBATOCTI, Pi3HO-
TOBIIMHHOCTI, MIJBUILEHHS SKOCTI IMOBEPXHI MPOKaTy. Y JEIKUX BHUIAJIKAX JPECUPYBAHHS BUKOPHC-
TOBYETHCS JIJIsl PO3MYIIYBaHHS OKAJIiIHM Ha ITOBEPXHIi mTa0 i JINCTIB Tiepe iX TpaBICHHSM.

lapsiuexaTani mrabu MOXKYTh IMiJIaBaTHCh APECUPYBAHHIO HA Pi3HUX CTaisIX 0OpoOKU MeTa-
Jy: B TOJIOBHIM 4M XBOCTOBIiH "acTHHaX OesnepepBHO-TpaBmibHOro arperaty (BTA), B arperatax mo-
MIEPEYHOr0, Y3JI0BKHBOTO i KOMOiHOBaHOTO pizaHHs (AIIP), Ha OkpeMo po3TalIoBaHUX APECHpPyBaIlb-
HHUX CTaHaXx.

HpecupyBaHHs MeTaly B PYJIOHAX JO3BOJISIE OTPUMATH OJHOPIIHI BIACTUBOCTI MO TMEpepi3y
mTabu, TOAL SIK IPU JPECUPYBaHHI JIUCTIB BHACTIIOK iX Pi3HOTOBIIMHHOCTI OOTUCKYBAHHS 110 IIIUPHHI
JIMCTIB MOXYTh 3MIHIOBATUCH B IIIMPOKUX MEXax. Y bOMY BHIIAAKY BIACTUBOCTI JIUCTA B Pi3HUX HOTO
YacTUHAX HEOJHOPiJHI, 10 MOXKE MpPUBECTH N0 Opaky mpu mrammyBaHHI. KpiM Toro, BHacijoK
PI3HOI TOBIIMHY JIUCTIB B MaYIll BAKKO KOHTPOIIOBATU iX OOTHCKYBaHHS. TaKUM YHMHOM, OCHOBHOIO
TEH/ICHIII€I0 B PO3BUTKY APECUPYBAHHS € 3aCTOCYBaHHS MiIBUIICHUX LIBUIKOCTEH, a TAKOXK MparHeH-
HSl JpecUpyBaTH MeTaj B pyJioHax. JpecupyBaibHi CTaHM PYJIOHHOI MPOKATKH JO3BOJISIIOTH Kpalle
MiATPUMYBATH TEIUIOBUH PEXHUM 1 THCK MPU JPECUPYBAHHI, 1[0 CHPUSE MiABHINCHHIO SKOCTI METaIy
Ta cTaHy MOTO0 MMOBEPXHi.

15 Po6ora Bukonana mig kepiBauTBoM gouenta Korosa T.B.
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AHani3 myosikanii

JlpecupyBaHHs Yd XOJOAHA MPpOKaTKa 3 ManuMu obtrckyBanusamu (0,5-6,0%) — kiHieBa orre-
pais TeXHOJIOT1YHOTO MpolieCy BUPOOHHUIITBA JINCTOBOI CTalli, sIKa BIUIMBAE HA SIKICTh MMOBEPXHi, BIIac-
THUBOCTI 1 IITAMIIOBaHICTh JIUCTIB. Y NESKAX BUMAIKaX HA PECUPYBAIBHUX CTaHAX 3I1HCHIOIOTH TOKa-
TyBaHHS TOBCTHX JIMCTIB JI0 3a/aHOi TOBIIMHH. Kpim TOro, mpu ApecupyBaHHI rapsiueKaTaHi JHCTH
MiJJIal0Th HAKJIENy JUIS IiJIBUIICHHS 1X MIIHOCTI (IJIsi BUTOTOBJICHHS JISSKUX JIETalei aBTOMOOLIS).
3acTtocyBaHHSI MaJHX OOTHCKYBaHb AO3BOJISIE 3AIMCHATH HAKJIET TIOBEPXHEBOTO IIapy MeTaily i 30epi-
rTH HenehOpMOBAaHMMHE BHYTPIIIHI IIapH, B PE3yNIbTaTi YOTO BAAETHCS 3aMOOIrTH YTBOPEHHIO JiHIM
3CYBY MpH MITaMITyBaHHI i 3a0€3M€YUTH ONTUMANIbHE MOEAHAHHS MEXaHIUHUX XapaKTEPUCTHK JIHCTIB
[1-3].

B pesynpTati ApecupyBaHHS OJHOYACHO i3 3HWKAHHSAM IDIOMIAJKH TEKYyJOCTiI 3MIHIOIOTHCS
MEXaHiYHI BJIACTUBOCTI JINCTOBOI CTalli (3HIKYETHCS MEXKa TEKY4OCTi, 3MEHIIIYEThCS BiJHOCHE MO0~
BXKCHHSI, HE3HAYHO IiJIBUIIYIOTHCS TBEPMAICTh Ta Mexka MIHOCTI). [Ipu nmpecupyBaHHI mtabu 3 Malu-
MU OOTHCKYBaHHSIMH JleopMaIllisi BiOYBa€EThCS B IOBEPXHEBUX MIApax METAy 1 MeKa TEKydOCTi IPH
pO3TSTHEHHI 3MeHITyeThesl. [Ipn Benmukux oOTHCKyBaHHSAX MedopMallisi OXOIUTIOE HIDKHI IIapu MeTa-
7y, TOMY BHACTIIOK 3MIIIHEHHS MTOBEPXHI IITa0U raJbMy€EThCSl 3HHKEHHSI MEXi TeKydocTi. [Ipu miHi-
MaJTbHHUX 3HAYCHHSX G;3a0e3MedyeThCsl HaOibIa 3JaTHICTh CTaJll 10 MITaMIIOBaHOCTI [3].

TakuMm unHOM, TIpH BHOOpI MapaMeTpiB JpecupyBaHHS BPaxOBYIOTH CKIIAJ CTalli, IIBUIKICTh
JIpecupyBaHHs, TeMIepaTypy IITa0W, TPaHUIIO0 IOMyCTUMHX OOTHCKYBaHb Ta iHII (DaKTOPH.
OTxe, JOCHIKEHHS BIUIMBY JPECUPYBaHHS HA BIACTHBOCTI TapsiueKaTaHuX IITa0 13 HU3bKOBYTIIEIE-
BUX CTaJlei, SIKi MPU3HAYCHI ISl XOJIOJHOT IITAMITOBKH, € AKTyaTbHOO 33]1a4uclo.

Pe3yabTaTu rocaiakeHb Ta ix 00ropopeHHst

B TexHOMOTIYHOMY TIpOoIeci BUPOOHHUIITBA METAIONPOKATY OPECHPYBAHHS BH3HAYAE SKICThH
TOTOBUX IITA0 1 JINCTIB, y TOMY YHCII 1X 3[JaTHICTH 10 TIMOOKOI BUTSDKKH TPH IITaMITyBaHHI 06e3 pyH-
HYBaHHA YW YTBOPEHHsS JiHIH 3CcyBy. JlpecupyBaHHs TapsdekaraHux mTad B Oe3mepepBHO-
TPaBUIILHOMY arperaTi pa3oM 3 iHIIMMHU TEXHOJOTIYHUMH OIEpalisMA y By3Jax Ta MEXaHi3Max Tpa-
BUJIBHOTO arperary BIUIMBAE Ha KiHIEBI MEXaHI4Hi BIACTUBOCTI METaIy.

Sk mpaBMIIO, MEXaHIYHI BIACTUBOCTI TapsyeKaTaHUX MITa0d, SIKi MOCTYMAOTh JJIsl TPaBJICHHS
3 Oe3nepepHuX mmpokomTadboBux cradiB (BLLIC), BinmoBimaroTh BUMOTaM CTaHAApPTiB HA TOTOBY
npoaykiiro (JICTY 7808:2015 mist TMCTOBOTO MPOKATY 3aBTOBINKY Bix 4 MM 10 14 MM 3 ByriieneBoi
SIKICHOT KOHCTPYKIIHHOT CTasi, MPU3HAYEHOI /Ul XOJIOJHOTO LITAMITyBaHHS), aje IiCis TPaBJICHHS
BJIACTUBOCTI raps4eKaTaHOro MEeTajly HOMITHO MOTiPIIYIOTHCS: MOKa3HUKH IUIACTHYHOCTI 3HMXKYIOTh-
Cs1, @ MIIIHOCTHI XapaKTEPUCTUKH ITiIBUIYIOTHCA.

MexaHiuHi BIaCTHBOCTI rapsieKaTaHoTO JIPECHPOBAHOTO, TPABICHOTO B PYJIOHAX JIUCTOBOTO
npokaty ToBmuHOI0 4,0-6,0 MM 13 craneit 08FOA Ta 08k micis KOXHOT 3 TEXHOJIOTIYHUX OTepaLii
HaBelIeHo B Ta0umi 1.

Brme crynento aedopmariii npu ApecupyBaHHI Ha MEXaHI4Hi BIACTUBOCTI TapsiueKaTaHoro
nucra i3 craneit 08k ta 08FOA mocmipkyBanu Ha JpecupyBaibHIl KIITI KBAPTO, pO3TAIIOBaHIH B r0O-
noBHil yactuHi BTA. [IpecupyBanns 3nificHioBanu i3 ctynereM aedopmauii Big 0 1o 8 %.

Bcranosineno, 1o 3i 30inbIIeHASIM OOTHUCKYBaHHS MPHU JApecupyBaHHi B niHii bTA 1uractud-
HICTh raps4eKaTaHoro TPaBIEHOTO METaly i3 KHIUISTYOi cTalli 3HWKYeThesl. OJTHAK, 3a JIOTIOMOT OO OIl-
TUMaJIbHO MiAi0paHoi TexHoJorii 00poOKu rapsuexaTanoi TOBCTONUCTOBOI crani B BTA mMoxxHa MiHi-
Mi3yBaTH MOTIPLUICHHS MEXaHIYHMX BJIACTHBOCTEH Ta 3HU3UTU HECIPHUATIMBHUI BIUIMB IPOLECY CTa-
piHHs (0OTHUCKYBaHHS B JpeCUPYBaNIbHIH KIIITI HE MOBHHHO TepeBuiryBaT 0,5% Ui KUIUISTYMAX CTa-
neit Ta 1% ans craneit, crabimizoBaHuX amoMiHiem). Takok Ha BIACTHUBOCTI JPECHPOBAHOI ITabU
BIUIMBAE TEMIIEpaTypa pyJjoHY, TOMY Ha APECUPYBAIBHUI CTaH PYJIOHM HEOOXIIHO MOJaBaTH TUTBKU
micnst oxonokeHHs. Lle BUMarae BcTaHOBJIEHHS B XBOCTOBiM uwactuHi BTA, Kpim JpecupyBanbHOT
KJIITI, CIIEIiaIbHOTO TIPUCTPOIO JIJISl IPUMYCOBOI'O OXOJIOKSHHS METaIy.
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Tabmumst 1 — Mexaniduai BIacTHBOCTI Tpokary i3 craneit 08FOA, 08kn

Mapxka Mexaiui ATIP Bumoru
crai XA Py BTA JICTY
BJIACTHUBOCTI 78082015
o, MlIla 215 245 255 -
0SIOA 6., MIIa 340 350 350 270-360
310, % 36 34 34 >32
HRB 51 54 55 <65
s, MIIa 310 380 390 270-370
08g 810, % 35 29 28 > 30
HRB 51 60 62 <55

B 3anexHOCTI BiJl CTyneH0 OOTHCKYBaHHS MPHU JIpeCUpPYBaHHI MOMIJIMBO YCYHYTH UM 3MEH-
UIMTH TUIOINAAKY TEKYy4OCTi Ha KPUBIH PO3TATHEHHS, TOMY BaKIMBOIO € MiHIMallbHA TPaHMIIS JIOIyC-
TUMHX OOTHCKYBaHb, HIKYE SIKOT Ha KPHUBIil PO3TATHEHHS 30epiraeThes Iomaaka Tekydocti. OaHak,
YUM OLITBIIE iaMeTp Ballka, TUM OiTbIlle OOTHCKYBaHHS HEOOXITHO ISl YCYHEHHS TDIOMIAIKA TeKyJO0-
CTi.

AHaJi3 JaHMUX TI0Ka3aB, 110 y CTa01Ii30BaHUX AJIFOMIHIEM CTaJlel HEPIBHOMIPHICTb IJIaCTUY-
HOi medopmanii HKYe, HiX y KUIIdiid. KpiM 11poro, po3KuciieHa aqroMiHIEM cTaiab B 3piBHSHHI 3
KUIUISTYOI0 XapaKTePHU3Y€EThCs OLIbII CIPUSTIMBUM JUTS IITAMIOBKH BiTHOIICHHSIM Gy / Gy.

BucHoBku

JochimkeHo MexaHiuHI BIACTUBOCTI rapsdekatanux crameid 08km, 08FOA micis apecupyBaH-
Hs. BcTaHoBNeHO, 1m0 31 30UIbIIEHHSIM OOTHCKYBaHHS IIPU JPECHPYBaHHI TUIACTHYHICThH TapsdeKara-
HOT'O TPaBJICHOTO METay i3 KUIUISYOI CTali 3HHXKYEThCsA. BH3HAUeHO, 10 PO3KUCIIEHA alfoMiHieEM
CTaJIb B 3piBHSHHI 3 KUIUISYOIO XapaKTePHU3y€EThCsl OLIBIION0 3MaTHICTIO JI0 IITAMITyBaHHS.

3 METOI0 MiABHMIIEHHS IUIACTUYHOCTI rapsiueKkaTaHux mTad Ta OTPUMAaHHS SKICHOI JIMCTOBOI
CTalli, MPU3HAYCHOT IS XOJIOAHOT INTAMITOBKH, JOIIBHO 31 ICHUTH BUOIp TapaMeTpiB pecUpyBaHHS
JUTst 3a0e3MeYeHHs PiBHS BIaCTUBOCTEH MeTany BianosigHo no JICTY 7808:2015.
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V]IK 669.018.8+621.78
MOJIU®IKYBAHHSA BTOPUHOIO CUPOBUHOIO*

Spemenko O.1O. ct. rp. MC-21-21, XHA LY

Anomauia. B npedcmasneniti cmammi po32110aemocsi HOGULL CROCIO 00epcantiss 0emoHAYIUHOT wu-
xmu 0ns MOOu@ikysanua 3 aimaszuoro ¢pakyicro. /[ns it ompumanus Oyno nidibpano cneyianibHuu
KOMNIeKm O0ENpunacié ma po3podieHo nesHull Memoo ix ymuaizayii, axutl 3abe3neuye neeni gop-
MYBAHHS OUCNEPCHUX AIMA3HUX 6KIIOUEHb, AKI NOKpumi KucHegumu naiskamu memanie FeO, Fe203,
Fe304, AI203, CuO. Memorwo Oocniddicenb 010 OMpuMaHts OemMOHAYIUHOL WUXMU NEBHO20 CKAAOY
ma 8uodifienHs it MacHimHol ck1ado6ol. J[{na peanizayii nocmasnenoi memu 6y10 He0OXIOHO 00epIHCany
npu ymuaizayii wuxmy nooiiumu Ha paxkyii 3a poamipom, a nomim 3a CKIaooM, GUKOPUCTOBYIOUU
MacHimHy 06podKy. KomnnexcHumu 00cniodHceHHAMU 8CIMAHOBUNU, WO MASHIMHA (paKyisa 3epeH KoH-
2nomepamy 6KMOYAE | YACMKY He MASHIMHOI 3 HAHOAIMA3aMU Ma NAIEKOSUMU NOKPUMMAMYU DIZHUX
cnonyk komnonenmie. Tomy 015 ehekmueHo20 UKOPUCTNAHHS MAKOT wuxmu 6y10 HeoOXiOHO demab-
HO 8U3HAUUMU 6MICI MAKOI 6MOPUHHOI CUPOBUHU OJisL PO3POOKU HOBIMHIX MEXHOI02Il HAHeCeHHs No-
Kpummie.

Knwwuogi cnosa: mooughikysanust npu Hanaaeienti, 3MIYHIOIOYU NOKPUMMSL, CIPYKMYPOYMBEOPEHHS,
HEOOHOPIOHICMb, 63a€MO0Is (a3, 61ACMUBOCTI, eKCHIYAMAYIUHA CMIUKICMb, AIMA3HA PaKyis.

MODIFICATION WITH SECONDARY RAW MATERIALS
Yaremenko O.Yu., st. of gr. MC-51-21, KhNAHU

Abstrac. The presented article considers a new method of obtaining a detonation charge for modifi-
cation with a diamond fraction. To obtain it, a special set of ammunition was selected and a certain
method of their disposal was developed, which provides certain formation of dispersed diamond in-
clusions, which are covered with oxygen films of FeO, Fe203, Fe304, Al203, CuO metals.

The purpose of the research was to obtain a detonation charge of a certain composition and isolate
its magnetic component. In order to realize the set goal, it was necessary to divide the charge ob-
tained during disposal into fractions by size, and then by composition, using magnetic processing.
Complex studies have established that the magnetic fraction of conglomerate grains includes a non-
magnetic fraction with nanodiamonds and film coatings of various component compounds. There-
fore, for the effective use of such a charge, it was necessary to determine in detail the content of such
secondary raw materials for the development of the latest coating technologies.

Key words: modification during surfacing, strengthening the coating, structure formation, heteroge-
neity, interaction of phases, properties, operational stability, diamond fraction.

Beryn

B ocraHHI poku Benvka yBara y MammHOOYIyBaHHI IPHUIUTSIETECSA PO3BUTKY TEXHOJIOTIH, SKi
JUIE 3MIIIHEHHSI Ta BIJHOBJICHHS JeTajell BHKOPUCTOBYIOTH MOIU(IKYIOUl IHCIEPCHI JOMIIIKH
HAHOMATepiaaiB Ta CHelialbHi CHocoOu X ojepxkaHHsa. [Ipu 1bOMY, OCOOJNMBY yBary HaiarOTh
3MEHIICHHIO BUTpAaT Ha iX OJEpXKaHHS Ta 3a0e3MEYEHHS! 3HAYHOTO TEXHOJIOTIYHOTO 1 €KOHOMIYHOIO
edeKTiB.

st neraneit, sKi py eKCIuTyaTtanii MaloTh He3HAYHHUI 3HOC, BHKOPUCTOBYIOTh HAHOTIOKPUTTSI
K OJHO — TaK 1 OaraTomapoBi, JUId THX, SIKI 3HONIYIOTbCS OiJbII IHTEHCHBHO 1 MOTPeOyIOTh
BIJHOBJICHHS HAIUIaBJIICHHAM JUII KOMIIEHCAllii 3HOIIyBaHOro Imapy. B psai  BUmankiB

16 PoGoTa BuKOHAHA 11i/1 KEPIBHUIITBOM cTapuIoro sukiaanada Omensuenko JI.B.
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BUKOPHUCTOBYIOTb ~METOAM HAIUIABJICHHA JPOTOM abo0  eNeKTpoioM. SIKicThb  BiIHOBJICHHS
XapaKTePU3y€eThCS TAKUMHU BIACTHBOCTSIMH, SIK BIACYTHICTP NIe()eKTiB Yy TaKOMY IIapi, 3a0e3meueHHsIM
¢dopMyBaHHS MIlHOI 30HM 3YCIUICHHS MOKPUTTS 3 OCHOBOIO, 3a0e3MeueHHAM HEOOXiTHHX
eKCIUTyaTallifHuX BJIACTMBOCTEH. SIKiCTh BITHOBJICHHS B 3HAYHIM Mipi 3aJIeKUTh SIK BiJl CTPYKTYpH,
TaK 1 BIACTUBOCTEH MaTepially AeTaii, IO BiXHOBIIOETHCS. [JIa 3MilHEHHS BHKOPHCTOBYIOTH DPi3HI
KapOiHi a3y Ta aaMa3Hy (PaKIl0 PI3HOTO CIIOCO0Y OJIepPIKaHHS.

Jomilkn HaHO- Ta JUCIEPCHUX ajMa3iB OAEPIKYIOTh 3TiAHO Ail0Y0i HOPMATHBHO-TEXHIYHOI
JOKYMEHTAlll{, a TaKOXX y BHUIVISAAI IIMXTH 3 alMa3zHOW (pakii€ro 3a JOJATKOBUMH TEXHIYHHMH
YMOBaMH.

B XHA/TY onepxaHo BTOPHHHY CHUPOBHHH BiJl yTHIIi3allii CrieialbHOr0 HA0Opy
Ooenpumnacis, siKi MalOTh Y CBOEMY CKJIaJli HAHO- Ta AUCIEPCHI anMasu. Taka muxTa Mae pi3Hi ¢ppakmii
3epeH Ta MOXE 3HAWTH BUKOPUCTAHHS B Pi3HUX rally3sX BUPOOHUITBA — MAIIMHOOYAyBaHHI,
MeTaITyprii, TpaHCTIOPTHOI 1 IpY BUAOOYBaHHI Ta3y Ta HaTH.

AHani3 myOJsikanii

[lIuxTy 3 BKIIOYEHHSAMH anMasiB, OTPUMAIOTh PI3HUMH MeToJaMu JedOopMyBaHHS,
CTaTUYHHUM, JUHAMIYHUM 1 JE€TOHAIIMHUM. B IIMX MOCIIIKEHHSIX ITOKa3aHo, 10 OUIbIN cTaOUIBHI Ta
SKICHI TTOPOMIKH 3 aJIMa3HOI0 (PAKIIEI0 TOCATAIOTHCS MPU BUKOPHCTaHHI JETOHAIIHHOTO METOIy iX
onepxkanus [1, 2, 3]. Y BimoMux myOmiKaIisax Tex BiCYyTHI 0COOIMBOCTI MapaMeTpiB TEXHOIOTIYHOTO
nporecy oJiep>KaHHs TaKOl IINXTH.

ExcniepuMeHTH 1Mo cHHTE3y anMa3iB MpH JEeTOHalii KOHJCHCOBAHMX BHOYXOBHX pPEUOBHH
ckiaay CaHbNcOd , HamatoThcst B poboTax [2], e moka3aHo, [0 BOHU PO3YHUHSIOTHCS 3 BUIIICHHAM
BYTJIENEBOi (ha3h, 10 SIKO BXOMSATH AUCIIEPCHI alMas3H.

Taxwuit crioci® oxepkaHHs anMa3Hol (as3u BiJIPi3HAETHCS 3HAYHOIO €(DEKTUBHICTIO Y 3B SI3KY 3
TUM, IO BiJICYyTHI MPUHIMIIOBI TPaHUII HAa OJiep>KaHHSI KOHKPETHHX CTaTHYHHX 00’€MiB Ta MacH
BUOYXOBHX 3apA/IiB, 3 MABHIEHHIM SKHX 3POCTA€E Yac [ii BUCOKOTO THCKY, 10 3a0e3meuye HeoOXiaqHy
AKICTh Ta pO3MipH POpMYy€EMUX BKIFOUeHb. BoHU 06a3yl0ThCs Ha crienudiYHUX KePYIOUUX ImapamMmeTpax
OJIepKaHHS aJIMa3HOi JuchepcHoi (a3u B yMOBax MpoOIeCy NETOHAllii Ta MaloTh  KOHKpPETHE
NpU3HAYCHHS.

B poborax [3] mokazaHo, IO MAETOHAIi0 OOEMPHUITACIB TPOBOJATH 1HAMBIILYaTBbHO IS
KOXKHOTO BEJIMKOKaJIIOEpHOTO OJMHUYHOIO CHApSIy B TPUMIIIEHHI 31 30BHIIIHIM pETyIIOBAaHHIM
TexXHoJIoriuHOro mporuecy. OjepkaHy BTOPHHHY CHUPOBHHY BHKOPHCTOBYIOTH MpPH IUIaBICHHI Yy
MeTaTypriiHAX Iporecax.

Lle#i cmoci0 He € eKOHOMIYHHM, Ta JOCTaTHRO €KOJOoriyHUM. KpiM TOrOo, KOXHUH 3
0oenpuIiaciB Ma€ CBO€ MPHU3HAYCHHS, BHUIOTOBJSIETHCA 3 BIAMOBIAHMX MaTepialiB Ta MOXE
BUKOPHUCTOBYBATUCS JIMIIE SK MOIU(IKATOP, 3TiHO XIMIYHOTO CKJIQJy KOHKPETHOI CHUPOBHUHH Yy
JOCTATHIN KIJIBKOCTI.

BusiBiieHO TakoX METOJU sKi BUCBITIICHHI y nmociijpkeHHsAX [3]. Ile aBi mpUHIMIIOBO pPi3Hi
CXEMHU: Tieplla — KOHTAKTHE yJapHO-XBUJIbOBE HAaBAaHTA)KEHHS ByIJeNbrpadiTHOrO Matepiaiy, SKui
3HAXOJUTHCS B KOHTAKTI 3 3apsoM abo yepe3 map 3 METajoM; Apyra — Oe3KOHTaKTHA, P sSKii Ha
ByIJIeNbIpadiTOBHIA MaTepiai Ji€ MeTajieBuil yaapHHuK, o Moxe nocsartu 100 I'Tla ta Ginble.

PesynbTaTn pociigxkeHb Ta ix 00roBopeHHst

J1ist 3MEHIIEHHsI BUTPAT Y BUPOOHUIITBI po3po0JIEHO HOBY TEXHOJIOTIIO Ta CIIOCIO OJIepKaHHs
JETOHALlIHHOT WIMXTH BiJ yTHi3amii OoempumaciB, sKi 3aBepIIMIM TEpioJi BUKOPHUCTAHHS Ta
30epiraHHs Ha CKIIaJax.

OpnepskaHHs Takol BTOPMHHOI CUPOBHMHH J03BOJIMTH BUKOPUCTOBYBATH i1 111 MOAM(iKyBaHHS
PLIKOTO PO3UYMHY IIPH BiJHOBJICHHI JieTajell HAIUTABIICHHSM 3HOIICHOTO 1apy.

Hoguii crioci6 ojiep>kaHHs IIMXTH 3 aIMa3HOK0 (QpaKINi€ero Ipu yTHIII3allii O0O€npuIacis, y SKUX
30irae TepMiH BHKOPHCTAHHS, MOJISATa€ B TOMY, IIO OYJIO NMPOBEJCHO aHali3 XiMIYHOro CKiamy ix
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pizHOBHIY (Tabi.1), 3ampoOTNOBaHO ONTHUMAILHO-IOIIIFHE CITIBBITHOIICHHS Ta BHECEHO KOPEKTHBH
IOJT0 TX PO3MIIIICHHS 1 MTOCTiAOBHOCTI TIPEBEACHHS B IifO.

OTpumaHa BTOpPHHHA CHPOBHHA JO03BOJISIE OAEP)KYBaTH CTalibHY ajiMa3Hy Qpakuiio i
BUKOPUCTOBYBATH JTOJATKOBO JOMIIIKH MOAN(IKYIOUMX KOMIIOHEHTIB, 110 BXOJSTH JO BMICTY IIMXTH.
e Taxi sk Mg, Ca, Al.

Ha xoxumiA 1Xkr 3apsmy peKOMEHAYETbCS BHKOPHCTOBYBAaTH 00’€M KOHTeWHepa I
JIETOHAIIHHOTO BUOYXY po3Mipom 1-4m3.

Taki MeTomam neToHamii HE BpPaxOBYIOTh XBHUJIBOBHI BIUIMB Ha TEXHOJOTiYHI MapameTpu
NpOIIeCy, a TAKOXK JOJATKOBY Jil0 Ha BUOYXOBi MapaMeTpu MipoedeKTy BiJ BMICTy MarHito, IKUi € y
Ooenpumacax, Mo MIaHyBaJIMCS 10 YTHIi3allii.

B ocHOBy HOBOro cmocoOy ofepXaHHsS IIWXTH NPH YyTWIi3amii OoenpwuiaciB, MOKIageHa
3amaga po3poOKH ONTHMAIBHOTO TEXHOJOTIYHOTO MPOIECY 3 OAepX aHHSIM CTabiTbHOI anMa3Hol
¢pakuii s MoaudiKyBaHHs PiKOTO PO3YMHY MPH BiIHOBIEHHI JeTali HarulaBieHHsIM. Lle MoxinBo
JIUIIe TP MiA00PY BiAMOBIIHOT HOMEHKIATYPH OOENPHUTIACiB, SKi 3aBEPIIMIIHN Tepio 30epiraHHs i He
MOKYTh BUKOPUCTOBYBATHCS, 3T1IHO PH3HAYCHHS.

Tabmung 1 — XiMiuauil cKiaj ris30Boi1 ctami, %

KoMmmnonenTu Bimeran XoJI0JHOKaTaHa CTalb

Byrneup 0,12 -0,20 1o 0,11

Maprasenp 0,35-0,60 0,35-0,55
Xpom 1o 0,15 1o 0,15
Hixkens 1o 0,30 1o 0,30
Kpemniit 1o 0,08 10 0,06
Mine 1o 0,20 1o 0,20
Cipka 10 0,06 o 0,04
dochop 1o 0,035 1o 0,035

Bupimenns Takoi 3amayi AOCATIM [ETOHAIIE MATpOHIB Kamiopy 12,5 MM (ocHOBHa iX
yactuHa ckiagana — 99 %) Ta xamiopy 15 mm — (mo -1,0 %) curnampHNX. YacTKy CHUTHAJIBHUX
MATPOHIB HE CJIi/I IePEBUIILYBaTH TOMY, 110 BOHH MICTSATh MarHiii Ta OyIyTh OCHITFOBATH IipOeQEKT.
LIst yacTka CHTHAIBHUX MATPOHIB Oy/1e TOCTATHS VIS iIBUICHHS JIOKAIBHOI TEMIIEpaTypH AeTOHAIii
10 30000C ta oxepkanHs cTabiinbHOI (pakmii anmmasiB. [Ipu meronarii Taki NMaTpOHU MOMIIHIN Ha
YOTHPH PiBHI YaCTHHH Ta PO3TAIIyBaJH iX MOMAPOBO Y KOHTCHHEPI.

CyrreBuid BIUIMB Ha cTaOimizamito anMaszHoi ¢pakuii MaroTh XBHJIBOBI 0Oararopa3osi
nedopMartii, e T0CATaeThCs JETOHAIER MOCIIOBHO KOXKHOTO APy 3 Pi3HUM iHTEPBaJIOM IPOLECY
3a yacoM. JIOCHiIXKEeHHSIM BCTaHOBJICHO, 110 JICTOHALIIS TIEPIIOro mapy BigOyBaeThcs y mepion 1-2 c;
Ipyroro 2-3 ¢; TpeThoro 3-5 ¢; yerBepToro 5-10 c.

TakuM ymHOM y TIepiof] Mixk yacoM Jii BHOYXOBOi XBWJI Bifl NI€TOHAIli KOXKHOTO Iapy
BiIOYBaOTHCS M€ 1 3BOPOTHI MEHI iIHTEHCHBHI JIOJAaTKOBI XBWJIbOBI JieopMarlii, 0 CTBOPIOIOTHCS
BiJl CTIHOK KOHTelHepa. Taka OaraToxBuiboBa jaedopmMarlis cpusie, K CIiKaHHIO anMasHoi dpakiii
TaK 1 CTBOPEHHIO KOHTJIOMEPATIB 3epEeH Ta MOAAIBIIOMY 1X MoApiOHEeHH!O. Lle 3a1euTh Bl MOKPUTTS,
10 KPUCTANI3YEThCS HA anMasHid ¢pakuii. Y npoMy BUIAIKy, KOJM KHCHEBMICHI TBepAi ¢asu 3amiza
KPHUCTANI3YIOThCS HAaBKOJIO alMa3HOi (pakiiii CTBOpIOIOYM KOHTJIOMEpaTH (muB. puc 1, a), iHmi
HEMarHiTHI CIIONyKH JeopMyeThCs Ta MOAPIOHIOETHCS Y 3epHaXx.

CTaTUCTUYHUM JIOKAIbHUM CHEKTPAIbHUM aHAIi30M 3€peH, SKi MOKPUTI IUITiBKaMH,
BCTAHOBJICHO, 1110 JOJIS anMa3Hol ¢pakiiii ckianae Bix 7,04 no 24,17 % C (puc 1, 6). Anmasu mokpuTi
3aJTI30KMCHEBUMH TITIBKAMH MOJIHBO BUSIBUTH JIMIIE MPH 0araTOKpATHOMY 30UIbIICHI ITUX KHCHEBUX
CTIOJYK.

OyiepyKaHHs TaKoi IMMXTU NPOBOIMIIM YTUJII3aIli€r0 GOENpUNaciB B KOHTeHHEpi 06’ emom 1m° 3
OTBOpaMH JUIS BHUXOAY Ta3iB Ta JIETKUX KOMIIOHEHTIB, a MigHaj Ajs IOIMIAPOBOi JETOHALil — 3
BUKOPUCTAaHHIM IIedi, sika Oyjla po3TalloBaHa 3HU3Y 11032 KOHTEHHEPOM. 3 ypaxXyBaHHSM Oe3NeKd
KOHTEHHEP PO3TaIlIOBYBaJId B IMOJII Ha BijcTaHi mpuOimmu3HO 1,5 kM Big 3a0ynoB. [is BijiijieHHS ra3is
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y BEpXHIM Ta OOKOBHX CTiHKaxX KOHTEWHEpa, a 3HH3Y IS CTiKaHHA KOMIIOHEHTIB 3 HH3BKOIO
TEMIIEPaTypOIO TIABJICHHS CTBOPIIIA OTBOPH JllaMeTpoM 6 MM, sIKi pO3TalIOBYBaJIH Ha BiacTaHi 50 MM
OJIHE BiJ] OZIHOTO.

JleToHarriiiHa muxra OTpUMaHa TaKUM CIIOCOOOM HE MOTPeOYe Hi SKUX JOJATKOBHX JOMIIIOK.
Pasom 3 mwum, mpu ofepkaHHI Takoi MOAM(DIKYIOUOi JOMIMIKHM il MOXKIHWBO JIETKO MOMUIUTH 3a
(paxmisMu Ta CKJIamOM (IUCHepcHAa MarHiTHA Ta HeMarHiTHa, abo KOHTJIOMepaTH — iX CyMim).
CrabinbHy SKIiCTh aMMa3HOI (Pa3u KOHTPOIIOBAIM BUKOPHUCTAHHAM ii MPOTATOM TEPMIiHY SKUH CKJIaB
4 poxwu. 3a el TepMiH BIACTUBOCTI ajIMa3iB HE 3MIHIOBAJIUCS.

Juia po3aisieHHS MHXTH, HA TEPIIOMY €Tami, MPOBOAATH ii MeXaHiuyHe MOApiOHEHHS, Ha
JIpyroMy — TPOCIIOBaHHS Ha CHTi. 3 METOI OTPHUMaHHA JHme ApiOHOi (pakxiii mpocitoBaHHS
3nifcHIOBanIM 6araTopazoBo. [1oTiM mpoBoaMINM MarHiTHY 00poOKy apiOHoi (pakuii 1 po3noainy Ha
MarHiTHY 1 HeMarHiTHy ckjagoBi. OOpoOKy TakoX MPOBOAMIH OaraTopasoBo.

200V X1000  10pm 0013 3 10000 13

a 0

Puc. 1. AnmasHa ¢pakiis, 110 GOpMy€eThCsl Y KOHIIIOMEPATIB 3epeH: a — aiMa3Hi BKIIOYCHHS,
0 — KHMCHERI TUTIBKH

JlJ1a oJaneIoro aHajizy MarHiTHOI 9YacTKH AETOHAMIWHOT IIMXTH OTPUMAHOI TPH YTHITI3amii
MIEBHOTO KOMIUIEKTY OOENpHIAciB AOIIIFHO BUKOPUCTATH METOAMKY OIIHKH MiHJIHMBOCTI (ha30BOTO
CKJIaay Ha OCHOBI MeTanorpadiuHux 300pa’keHb, OMUCAHUX ONTHKO-MAaTEMAaTUYHUM METOJIOM, B OC-
HOBI SIKOTO JIE)KUTh MIHJIMBICTh KOJBOPIB (ha3. 0 JO3BOJHUTH BUSBUTH YaCTKY THITY 3’ €THAHb OI[iIHUTH
JOKAJIHUH CKJIaJl KOMIOHEHTIB HMIMXTH, Ta IX O30T HABKOJIO aJIMa3HOI (asu.

BucHoBku

BceranorneHo, 1110 Takuii crocio AeToHarli 3a0e3neuye OTpUMaHHs MaTepialy MUXTHU 110 Mae
CTaOlIbHI XapaKTEpUCTHKAMU ajMa3HUX BKIIOYEHbB, [Ie JI03BOJISIE IX BUKOPHCTOBYBATH, MIEBHUH Yac i
HE TPOBOJUTH JOAATKOBOIO OYHMINEHHS. Takuil crocid oxepaHHsS BTOPUHHOI CHPOBHHHU € MAaJIOBUT-
paTHUM Ta MOXE 3aMiHUTH CTaHAAPTHI BEJIMKOKOIITOBHI MOPOIIKHM alMa3iB MpPU 1X BUKOPUCTAHHI.
OpneprkaHa muxTa Ta crocio 11 geToHanii KpiM anMa3Hol ¢pakiii BKIOYaE i iHII MOIUQIKyroUi cKiIa-
JIOBI.
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YK 693.6.002.5

AHAJII3 KOHCTPYKTUBHHUX OCOBJIMUBOCTEN OJJHONOPIIHEBOI'O
PO3UYNMHOHACOCA 3 KOMBIHOBAHUM KOMIIEHCATOPOM 3BLIBIIEHOTO
OB’€EMY, IO BINIUBAIOTHh HA HOI'O HAIIMHICTH

lanoBana M.B., k.T.H., 1oueHT, Bipuenko B.B.; K.T.H., J01eHT,
Kpusopor A.lL, K.T.H., 1oueHT, Ckopuxk M.O. cTapmuii BUKIaaa4
Hanionanbnnii yniBepceurer «IlosaraBcska nodirexnika imeni IOpis Konaparioka

Anomauia. 1IpoBeneHo aHami3 ICHYIOUMX KOHCTPYKIiM pO3YMHOHACOCIB, BKa3aHi OCHOBHI HEIOJIKY 1 Tiepe-
Bard ix eKCIUTyaTalliifHAX TIOKa3HUKIB. BH3HaYeHO OCHOBHI HAIPSMKH PO3BUTKY HOBHUX KOHCTPYKIIIH PO3UH-
HOHACOCIB. 3alpONOHOBAHO HOBY KOHCTPYKIIIO OJJHOIIOPIIHEBOTO PO3YMHOHACOCA 3 KOMOIHOBAHMM KOMIIE-
HCaTOpOM 30UIBIIIEHOTO 00’ €My Ta 3 TiAPABIiYHIM NPHBOJOM. HaBeneHO KOHCTPYKTHBHI OCOOIMBOCTI PO3-
YUHOHACOCA Ta MPHUHIMI HOro poOoTH. PO3KpHTI KOHCTPYKTHUBHI OCOOIMBOCTI KOMIIEHcaTopa 301IbIIeHOro
00’eMy, YCMOKTYBAJTLHOT KaMepH, KJIallaHHUX BY31iB Ta KaMEPH OXOJIOKESHHS LIFUTiHIPO-TIOPIITHEBOT TPYIIN.
IpoBeneHO eKCriepUMEHTABHI IOCIIDKEHHS pOOOUYMX MPOLIECIB OHOMOPIIHEBOIO PO3YMHOHACOCA 3 Pi3HH-
MH KOMOIHOBaHHMH KOMIIEHCATOpaMH, BUKOPUCTAHHSIM MOPILHIB 3 PI3HUMH BUIAMH TYMH, HWTHAPIB 3 pi3-
HHUX KOHCTPYKLIHHMX cTaieil. BcTaHOBIEHO sIKi MaTepiiM TepTs FUTiHAPO-TIOPIIHEBOI TPYIH BBAKAIOTHCS
HaWOLTBIIT 3HOCOCTIMKMMI. BKazaHO TepCrieKTHBY BIOCKOHATICHHS KOHCTPYKITii OTHOITIOPITHEBOTO PO3UMHO-
Hacoca 3 KOMOIHOBAHUMM KOMITEHCATOpaMy 30UTBIIEHOTO 00’ €My Ta BUKOPHCTaHHS PaIliOHAIBHIX KiHeMa-
THYHMX CXEM TIPHBO/IA, IIIITIHAPO-TIOPIITHEBOI TPYITH Ta CIIOCOOM Pecypco30eperKeHHsI TAHOTO THITY PO3YH-
HOHACOCIB.

Knouoei cnosa: oqHOTIOPITHEBAI PO3UMHOHACOC, IITIHAPO-TIOPIITHEBA TPYIIA, TiAPABIiYHUA IPHBO, BCMO-
KTyBaJIbHa KamMepa, BCMOKTYBATGHHI Ta HATHITAIGHUN KITAITAHH, KOMITEHCATOP 30LTBIIIEHOTO 00’ €MYy.

ANALYSIS OF DESIGN FEATURES AFFECTING THE RELIABILITY OF A SIN-
GLE PISTON SOLUTION PUMP WITH A COMBINED COMPENSATOR OF IN-
CREASED VOLUME

M.V. Shapoval, Ph.D., associate professor; Virchenko V.V.; Ph.D., associate professor;
A.l. Krivorot, Ph.D., associate professor, M.O. Skoryk. Senior Lecturer; department of
industrial mechanical engineering and mechatronics
National University «Yuri Kondratyuk Poltava Polytechnic»

Abstract. Plaster mortar pumps existing constructions analysis is carried out, the main disadvantages
and advantages of their operational indicators are determined. The main development directions of
new plaster mortar pumps designs have been determined. A new design of a single-piston plaster mor-
tar pump with a combined increased volume compensator and a hydraulic drive proposed. Design fea-
tures of the solution pump and the principle of its operation are given. The design features of increased
volume compensator, the suction chamber, the valve assemblies and the cooling chamber of the cylin-
der-piston group are revealed. Experimental studies of the single-piston plaster mortar pump working
processes with various combined compensators, using pistons with various rubber types, and cylinders
made of various structural steels were conducted. It has been determined which friction materials of
the cylinder-piston group are considered the most wear-resistant. The prospects of improving single-
piston plaster mortar pump design with increased volume combined compensators and the drive ra-
tional kinematic schemes use, cylinder-piston group and methods of this type plaster mortar pumps
resource conservation are indicated.

Key words: single-piston plaster mortar pump, cylinder-piston group, hydraulic drive, suction chamber,
suction and discharge valves, compensator of increased volume.
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Beryn

[IpoBenenmii ananiz poOOTH Cy4acHUX IiIOYHMX 3pa3KiB PO3ZYMHOHACOCIB SK 3aKOPAOHHHX, TaK
1 BITYM3HSIHUX, BKa3y€e HA HEOOXiAHICTh CTBOPEHHS JOCKOHANMX MAIIMH 31 CTaOlIbHUM MepeKavuyBaH-
HSM T10 TpyOOIpoBOIax OyAiBEIbHAX PO3UMHIB 3HIKEHOI PyXOMOCTI 1 pO3YHHY TIPY TMTOMIpPHHX MYIIb-
caIisix Ta HaJildHil poOOoTi 00IaHAHHS.

3rnapKyBaHHSl MyJbCalliii TUCKY 10 MOMIPHOTO PiBHS y OJHOMOPIIHEBOTO PO3YMHOHACOCA
MOXKe 3a0e3meYnTH KOMOIHOBAaHWH TTOBITPSHUN KOMIICHCATOp 3 ABOMA KaMepaMH: OJHA 3 BUTLHUM, a
JIpyTa 31 CTUCHYTHUM TIOBITPSM.

CymapHuil npuBeieHH 00°€M TOBITpA B 000X Kamepax MOBHHEH 3a0e3ledyBaTH HeoOXiaHe
3MUIA/DKYBaHHS MyJIbCallill THCKY PO3YHHY.

Takox BaXXKJTMBOIO BIMOTOIO JI0 PO3YMHOHACOCIB € 1X BHCOKA HaAIWHICTh ¥ po0OOTi, 0COOIMBO
Ipyd MeXaHi30BaHOMY CIoco0i coruryBaHHS. BupilmeHHs Li€l BUMOTM MOXKIIMBE MPH BUKOPUCTAaHHI
KOHCTPYKTHBHUX MaTepialiB, AKi MalOTh MigBUILECHI (hi3MKO-MEXaHi4Hi BIaCTUBOCTI pH abpasuBHOMY
3HOIIYBaHHI, Ta Cy9aCHUX TEXHOJIOTilf BUTOTOBIICHHS JIeTaNCH.

Bunnkae HeoOXiTHICTh Y CTBOPEHHI OJHOTIOPITHEBUX PO3YNHOHACOCIB ITiIBUIIIEHOT HAAIHHOC-
Ti 3 BAOCKOHAJIICHOIO IIHJIIHAPO-MOPIIHEBOIO TPYIOI0 Ta MPUBOJOM, KUK 3a0€3MEYUTh TOMIipHI MyJb-
carii mojmavi po34rHY, IIABHICTH poOOTH TipuBoAa ¥ minsuinernidi 06’ emunii KK, Tomy po3pobxa
HOBHX KOHCTPYKIif KOMIIEHCATOPIB Ta yJOCKOHAICHHS TIIOYMX € aKTYaJIbHOIO MPOOIEMOO Ui 3a-
Oe3mneyeHHs epeKTUBHOI poOOTH PO3UMHOHACOCIB.

AmnaJi3 my0sikamiii.

BiTun3HsHI MOPIITHEBI PO3YMHOHACOCH 3aCTOCOBYIOTH JJIS IIEPeKavYyBaHHs PO3YMHIB PyXOMic-
TIO HE MeHIIe 5...7 cM 1 KpymHicTIO ¢pakiii He 6inmbime 5... 12 MM [1, 2, 3].

[lepexadyBaHHS pO34MHY 3AIMCHIOETHCS 38 PaXyHOK 3BOPOTHO-IIOCTYNAIBHOIO PyXY MOPIIHS
13 Oe3mocepeIHIM BIUTMBOM Ha PO3YMH ITiJ1 YaCc HOro BCMOKTYBAHHS 1 HATHITAHHS.

[opmaesi pozunHoHacocu Mapku CO [1, 2, 3], AKi BUTOTOBISIOTECA Ha MapiymolbChKOMY
PEMOHTHO-MEXaHIYHOMY 3aBO/li, CKIANAIOTHCS i3 MPHUBOJA, MHIJIIHAPO-TIOPIIHEBOI TPYIH, poOOYOoi i
KJIAIMaHHOI Kamep i3 BCMOKTYBaJbHHUM 1 HATHITAIbHAM KYJIbOBUMH CaMOJIiIOYMMH KJIallaHaMH, MOBIT-
PSHOTO KOBMAaKa (KpiM JBOTIOPITHEBHX) JUIA 3T PKyBaHHS MyJbCallii TUCKY, MyJbTa yNPaBIiHHS i
paMu, Ha AKiii 3MOHTOBaHI BCi By3/1M po3uMHOHacoca. L{nmiHapo-nopuiHeBa rpyna po3dHMHOHACOCIB
BKIIIOYA€ B ce0e T'yMOBHIA MOPIICHb 1 TiIb3y MUIIHAPA 3 XpPOMOBAHOIO BHYTPIIIHBOIO MOBEPXHEIO, 110
3a0e3rneuye BUCOKUH pecypc rpynu. OCHOBHUMH XapaKTEPUCTUKAMH MOPITHEBUX PO3YMHOHACOCIB €:
He3aJIeXKHa 110/1a4a PO3YHMHY BiJI PO3BUHYTOTO Haropy, XOpPOla BCMOKTYBaJbHA 3[aTHICTb, BHCOKHH
pecypc nmmiHApo-nopirHeBoi rpymu (6mm3pko 2000 Manr-ron). IlopurHeBi po34MHOHACOCH MaKCUMAITh-
HO yHi(iKOBaHi i MpU3HAYEH] [Tl KOMIUICKTAI] ITYKaTYpHUX arperariB i CTaHIIiH.

Bimowmi ¢ipmu, siki 3aiiMaloThCs PO3pOOKOIO Ta BIPOBA/HKEHHSAM Y BUPOOHUIITBO € HiMEIlbKa
¢ipma "Putzmeister Werk Maschinenbau Gmb'"ta itaniiiceka dipma"Turbosol" [4].

B 1965 porii B ®PT" hipmoro «Putzmeister» [5, 6] 3amatenToBanuii ABOIMIIHIAPOBHIA Trdepe-
HIianpHuN po3unHoHacoc K-139, B skoMy 3HW)KEHHS PiBHS ITyJbcalliil 3a0e31meuyeThCs epiognIHIM
NPOILIECOM BCMOKTYBaHHsI, a MMPOLIEC HATHITAHHS 3/11HCHIOETHCS Oe31epepBHO.

HITykaTypHa MalnHa IaHOTO MOJISIFHOTO psiy 3 opimHeBuMu Hacocamu KA-139 e yHiBep-
CAJILHOI0 MAlIMHOI0 TPHU3HAYCHOT JIJISl MPUTOTYBAHHS PO3YMHIB 1 MITyKaTypKH Maiike BCiX BHJIIB.
JaHi MammHu XapakTepU3ylOThCsl BEIMKOI MPOAYKTUBHICTIO HABITh 32 YMOBH €KCIUTyarTalii B Haii-
CKJIQJIHIIINX BUMAIKaX, Ta IOMIpHUMH IyJbcaliiMu TUCKY §<0,25. 3a paXyHOK BUKOPUCTAHHS IIO-
TYXHOTO MEXaHIYHOrO NPUBOJY AaHI PO3ZYMHOHACOCH, HA BIIMIHY BiJ HAcOCIB iHIIMX THUIIB, Kpalle
TPaHCHOPTYIOTh HAaBITh BAKKO 3MIIIyBaHI MaTepiaiu.

[MopmHeBi po3zunHoHacocu Putzmeister KA-139 npaiioroTs npakTudHo 6€3 3HOCY JeTanei i
PHBKIB, IPY 3HAYHUX 1 HEBEJIIMKUX 00CSTaX MMOJayi JIOCATAI0Th BUCOKUX IMOKA3HUKIB THUCKY 1 32 paxy-
HOK L[FOTO IIUPOKO 3aCTOCOBYIOTHCS IPH BUKOHAHHI Pi3HOTO Aiana3oHa pooiT.



144

Pe3yabTaTi 10CITiIKEHD Ta iX 00r0BOPEHHS

[IpencraBieHo OAHOMOPIIHEBHH PO3ZYMHOHACOC 3 BUKOPUCTAHHSIM KOMOIHOBaHMX KOMIICHCA-
TOpiB mynbcauii THCKY (puc. 1, a) Ta 30inbIeHoro 06’ emy (puc. 1, 6, B).

PozunaOHAacOC i3 KOMOIHOBaHUM KOMIIEHCATOPOM ITyNbcallii THCKY (puc. 1, a) MicTUTH ropu-
30HTAJIBHO PO3TAIIOBAHUN POOOYHIA HIIIHAD 3 MOPIIHEM, KUK 00BapeHO T'YMOIO, Ta IITOKOM; IPUBOJ
MOPILHS BiJl KPUBOLIMITHO-IIATYHHOTO MEXaHi3My; BCMOKTYBaJIbHY Kamepy, B CEpeIuHi KO 3aKpil-
JeHa BcTtaBka (hacoHHOI popMH, Ta HaTHITAIbHY KaMepy 31 BCMOKTYBAJIFHUM 1 HATHITaJBHUM KYJIbO-
BMMH KJIallaHAMH, BCMOKTYBAJIbHUH 1 HarHiTanpsHUN natpyOkn. KomOiHOBaHMIT KOoMIeHCcaTOp 301b-
mieHoro 06’emy [1, 2] (puc. 1, 6, B) OCHAIIIEHO MWIIHIPUYHOK i 3aMKHEHOK KaMEPOIO 31 CTUCHYTUM
MOBITPsIM. 3aMKHEHa KaMmepa CKIIAZA€ThCS 13 3aKPYYEHOTO B KiNTbI TYMOTKaHWHHOTO IIJIAHTY IO Tie-
pUMETpY HTIHIPUYIHOT KAMEPH Ta Ma€ TOIIaBOK-00MEXKyBay, 0 PO3TAMOBAHUMA MO IIEHTPY IMITIH/I-
PUYHOI KaMepH Ha HANPaBISIIOYOMY CTPIIKHI. Y INTOKOBiH MOPOXKHUHI PO3MIllIeHi KaHaJIbHI NaTpyo-
KH, sIKi 320€3Me4y0Th IHTCHCUBHE MTPOMUBAHHS Ta OXOJIOKEHHS MOBEPXHI TUTYH)KEpa 1 CTIKaHHS JTU-
criepcHOro abpa3uBy y CHelliallbHI KapMaHH, SIKi 3HaXOAATHCS Y HIDKHIM YaCTHHI IITOKOBOI MOPOKHU-
HH.

3 MeTOI0 3HIDKEHHS PiBHS MyJbCamiid Ta MiIBUIICHHS pecypcy poOOTH TEepPThOBHX HeTajcH
U HAPO-TIOPIITHEBOT IPYIHU 32 PaXyHOK 3HIKEHHS MOMIEPEYHUX 3YCHIIh BUKOHAHO 3MIIIICHHS OCl BaJjia
KPUBOLIUIIA BiJIHOCHO OCi Horo mopumHs € Ta TeopeTHMYHO BU3HAYEHO HOTO palliOHAIbHY BEIHUYHHY,

siKa CKJIajae Y2 paniyca kpuBoinumna abo 20 MM (puc. 1, a, 0).

BcranoBneHo reoMeTpuuHi po3MipHd BCMOKTYBAJIBHOTO Ta HATHITAIBHOTO KIIATIAHIB: JiaMeTp
kynbkn knarmana D =50 mm i miamerp cinna xnanama d =40 mm. ITpu npoMy o6rpyHTOBaHO, 1O Haii-
MEHII TyJbcamii Tojgadi po34YMHY 3a0e3ledye BHUCOTAa MiNHOMY KyJIbKM KIalaHa Haja CiaioMm
h=15 v,

[Ipu po6oTi po3unHOHACOCA B HHOMY IIPOTIKAE OJHOYACHO JBA MPOIECH: M0JIa4a PO3YHHY IO
€MHOCTEH a00 Ha OMITYKaTypIOBaHHY IMOBEPXHIO 1 3HOIIYBAaHHS JETANEH, SKi MPAIfOIOTh B a0pa3uBHO-
MY CepeIOBHIL PO3UUHY.

3amaya BAOCKOHAJIEHHS PO3YMHOHACOCA, IS MiABUIICHHS MPOAYKTUBHOCTI HOTO Ta 3011b-
IIEHHS 00CSTIB BUKOHAHUX POOIT, CKIAAAETHCS 3 ICKUTHKOX MpoOsIeM, sIKi BUPIIIYIOTHCS HACTYITHUMH
HUISIXaMU:

— MIJABHUINEHHS ¢(PEKTUBHOCTI T1IPaBIIYHOI il pO3YMHOHACOCA 32 PAXYHOK BUOOPY CXEMH, KA
0 BiamoBigana Bumoram Mmakcumymy KK/ i MmiHiMyMy MaTepianoeMHOCTI;

— 3HW)KEHHS IHTEHCUBHOCTI JIi1 ()aKTOpiB 3HOIIYBaHHS, MIBUIIICHHSIM 3HOCOCTIHKOCTI KOMIIO-
HEHTIB;

— TIJBUIICHHS BiJIHOBIIOBAHOCTI PO3YMHOHACOCA 33 JIONMOMOTOIO 3HIKEHHS TPYAOMIiCTKOCTI
3MiHM 3HOIIEHUX KOMIIOHEHTIB, 3MINIEHHSIM BiJHOBIIOBAIBHUX POOIT 3 TepioJlaMu TeXHOJOTIYHHX
nay3 Ipu nepeKavyyBaHHi;

— IiIBUIIEHHS Jlera3allii Ta OYMIIEHHS IPOMHBOYHOT PIIMHH BiJl YACTOK PO3UUHY.

be3BiIMOBHICTH PO3UYMHOHACOCA CTBOPIOE YMOBH ISl €PEKTUBHOI POOOTH BCHOTO HITYKATyp-
HOTO KOMILJICKCY, MIiJABHUINEHHS MPOJYKTUBHOCTI Mpalli MpH MepeKadyBaHHI pO34HMHY, CHEeprosoepe-
JKEHHs 1 3MEHIIICHHS HAJIMIPHOT BUTPATH MaTepialliB (0COOIMBO METally), MOKPalIeHHS eKOHOMIYHUX
MOKa3HHUKIB.

PiBeHb pO3BUTKY MaIMHOOYAYBaHHS 103BOJISIE PO3POOUTH 1 BIATBOPUTH y CEpiiHOMY BUPOO-
HUIITBI HACOC Pi3HOI T'iIpaBIivyHOI MOTYKHOCTI T4 BUCOKOTO TUCKY, HEOOXIIHUX 1 JIOCTATHIX JIJISl TPaH-
CHOPTYBAaHHS PO3YMHIB IO TPYOOIPOBOAAM Pi3HOI PYXOMOCTI, B TOMY YHCII BIOCKOHAJIECHUX OJHOIO-
PIIHEBUX PO3YMHOHACOCIB OTHOCTOPOHHBOI Jii.

Onnak HeoOXiJIHI eKcIuTyaTaliiiHi SKOCTi po3uMHOHACOCA HE MOXKYTh OyTH JIOCATHYTI B TIOB-
Hill Mipi, TaKk SK IWTIIPO-TIOPIIHEBA IPyIa POZYMHOHACOCA TIPAIIOE B pOOOYOMY CEpEeOBUIII KOPO-
31i{HO-aKTUBHOTO OYy/iBEILHOTO PO3UMHY, KMl Ma€ B CBOEMY CKJIAJi TBEP/l YaCTKU Y BUIJISIIII KBapILy,
TTICKY.

YMOBOO CTBOPEHHS TAKMX HACOCIB € BTUICHHS B TIPOMUCIIOBUX TPOIIecax HAyKOBOT KOHIIETIIii
3HOCOCTIMKOCTI, OCHOBa 5IKO1 CTOITh B mapaitizawii abpa3uBHOI 1ii KBapily — OJHOI 3 HalOLIbII arpecu-
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BHHX CKJIQJJOBUX TBEPJIUX BKJIIOYEHb B PO3UMHAX — i KOMIIEHCAL] 3HOIIYBAaHHS y By3Jax TEpTs, AKi
JOCSTAIOTHCS 3aBISIKM BUKOPUCTAHHIO CYy9aCHUX MaTepiaiB 1 TEXHOJIOTIH iX 00poOKH.

AHati3 JiTepaTypHUX JDKEpeN, JOCBi BUKOPUCTAHHS i pe3yIbTaTH JOCIiIKEHb 3HOCOCTIMKO-
CTI IMJIIHAPIB 3 BHYTPIMIHIM poOOYMM MIapOM 3i cTanel, sKi BKIIOYAIOTh KapOigu XpoMmy, TakuX siK
40X, 70, 95X18, mokazanwu, mo Mpu ABOKPATHOMY MiABUINEHHI a0pa3uBHOI 3HOCOCTIMKOCTI BUTOTOB-
nenux 3paskiB TBepuicTio 40-60 HRC, pecypc mmniapo-nopiHeBoi rpynu 301TbIIy€eThCS IPU PIBHUX
yMmoBax He B 1,5-2 pasu, a — B 3 pasu i 6unbine. Tomy OyJ0 BUKOPUCTAHO ACKITbKA TPOTOTUIIIB IIHIiH-
JIpiB 3 PI3HHX JIETOBAHWX CTAJEH 1 MPH PI3HUX 3MIMHIOIYAX (PaKTOopax, sIKi MAKCUMAIIBHO ITiIBUIITY-
F0Th 3HOCOCTIHMKICTh /I3epKaia MIIHApa B abpa3uBHOMY cepeaoButi (Tabdm. 1).
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1, 12 — ycMOKTYyBaNnbHHI Ta HATHITAILHUH aTPYOOK; 2, 4 — BCMOKTYBaJbHHUI Ta HATHITAILHUH ITi -
PYKMHEHHH KyJIbOBI KJlamaHu; 3 — yCMOKTyBalbHa Kamepa; 5 — KOMOiHOBaHUI KOMIIEHCATOD;

6 — mopIeHb 3 HANPABISIOUNM ILTYHKEPOM; 7 — XOMYT TiJpaBlivyHAN TPUBIIHUHN TUITIHADP 3 pO3IIO-
JIUTFOBaYeM; 8 — TAPOIFITIHAP 3 TIOPIITHEM 1 IITOKOM; 9 — 30JI0THUKOBUI pO3MO/IiIIBHUK;

10 — perymnsitop nonadi riapaBiiunoi piguay; 11 — enekrpoasuryH; 13 — GinbTp MacTUIIBHOT PiIMHH;
14 — naTpyOOK CKUAAHHS TiApaBIiyHOI pianHK; 15 — mecTepHeBUi riApaBIidYHAN HACOC;

16 — mydra BTYIKOBO-TIANBIEBa; 17 — peayKTOp MiIKaYKK MOBITPST; 18 — CKIISTHE BIKOHIIE 3 OCBITICHHIM

Puc. 1. OnHonopiIHeBi po3UMHOHACOCH: a - 3 KOMOIHOBAaHMM KOMIIEHCATOPOM ITyJIbCallii THCKY;
0 — 3 KOMOIHOBaHUM KOMIICHCATOPOM 30UIBIIEHOT0 00’ €MY; B - TiIPOIPUBOJHHUN 3 KOMOTHOBAaHUM
KOMIIEHCATOPOM 30UIBIIIEHOT0 00’ €My

[Mpu BumpoOyBaHHSX Ha 3pa3Kax IMIIHIPIB, SKI TPOWIUIM 3aKaTOBAHHS 1O TBEPIOCTI
HRC 60, tpimun He BUsiBIeHO. ExcriepuMeHTaNbHI 1 BUpOOHWYI BUNPOOYBaHHS ITOKA3yIOTh, O Hal-
MEHIINH pecypc pobotu 3paska mutiHapa 3i crani 40X (puc. 2, a). Lle moB’s3aH0 B mepury 4epry 3
abpa3uBHMM BIUTUBOM KBapily, TBepaicTh skoro HRC 60-65.

VY By3mi TepTs, NPHU NOPIBHIAHHI 3pa3kiB muimiHapie TBepAicTio HRC 60 3i craneit 70 1 95X18 B
OJTHAKOBHX EKCITyaTalliiHUX YMOBaX, BCTAHOBJICHA LIOPCTKICTb IX MOBEPXHI CYTTEBO pizHa (Biamo-



146

BitHO R, =12 1 0,25 MKM), IO HE MOIJIO HE BIUIMHYTH Ha IHTEHCHBHICTH PECYpCy LMIIIPO-

MOPIITHEBOI TPynH. B IboMy BHUTIAAKY J3epKaio ITiHApa 31 ctam 70 mBuame 3HomryeTses (puc. 2 0).
Jlo Toro x CyTTeBa pI3HHUIL B CTaTUYHMX YMOBaX ITOKA3HWKIB TIIMOWHHOI MIBHIKOCTI KOpO3il
crami 70 — 0,3 mm/rox i crami 95X18 — 0,003 mm/rox He Jae OCHOBH ISl KiIBKICHOT OIIHKY BILTUBY
KOPO3iiHOI CTIMKOCTI MaTepialliB Ha IHTEHCHBHICTh 3HOIIYBAaHHS BHYTPIITHHOTO A3€pKaia MHUIIHApA
MOPIITHEM, IapKOBAaHOTO TBEPAUMH YaCTHHKAaMH KBapIy (TICKY), IO 3/A1HCHIOE PEBEPCUBHUI TIPSIMO-
THIMHUH PyX 3 IEBHOIO YaCTOTOIO.

Tabmurst 1 — MexaHidHI BIaCTHBOCTI MaTepialliB, 3 SKMX BUTOTOBJICHO ITOPIITHEBI TLTH3H

. Pecypc nmin-
TBepaicTh Ma-
Mapxka ma- ~ . 7ipa 10 Hoyar- .

Ne . Tepmoobpobka Tepiany micis doTO HUITIHAPO-

Tep1aty . KY 3MEHIICHHS .

n/n ATiHIDE Mmarepiaiy TEpMOOOPOOKH o6’ EMHORO IIOPLIHEBOI TPy
P HRC
KKJI, roquna
40X TOCT

8479-70 3arampHe 3aKalro-
L Ioct BaHHS B MacIi 52-54 560 Pucynok 2 a)

8731-87

3arajapHe 3aKalto-
BaHHS B MacIIi.
2. 71011;:?_ ?;F A30OTyBaHHS MOBE- 58-60 910 Pucynok 2 0)
PXHEBOTO Iapy
(0,1-0,8 mMm)
95X18 Pecypc nuningpa me

3. roCT | ArMmHEIAKANO- | gggy | 560 Gimme | 1C PHICPNANO, TO0-

1133-77 BaHHS B Macii TO IATIHAP B pp6o_

4OMY CTaHl1

Taxkoxx 3epHa kBapiry mikporeepaicTio 12500 — 13500 MI1a npairorots sk abpas3uB 110 BiTHOIIEHHIO
JI0 BCIX CTPYKTYPHHX CKJI/IOBUX 3arapTOBaHOI 1 a30TOBaHOI TIOBEPXHI JI3epKalia TLIb3H 3i ctaii 70, aje BoHH
TIOCTYTIAFOTHCS 32 MIKPOTBEPAICTIO KapOiiB xpomy craii 95X18.

ToMy BHKOpHCTaHHS BHCOKOJEroBaHOI cTaimi 95X18 y BHUroroBieHHI HWIiHApIB Oyne Haid-
Oinpmn pamioHabHUM ((OTO AAHOT MWITIHIPO-TIOPITHEBOI TPYITH BUKOHATH HE MOJKIJIMBO, TOMY IIIO BO-
Ha BCTAHOBJIEHA HAa poO0YOMY 3pa3Ky pO3UHHOHACOCA).

HeBin’eMHOIO CKJIAJIOBOIO YaCTHHOK KOHIICTIIi 3HOCOCTIHKOCTI OJTHOTIOPIITHEBOIO PO3UMHOHACOCA
CITYKUTP MIATPUMKA TETDIOBOTO OalaHCy PYXOMHX YHILUTFHEHb Ha PiBHI MiHIMAJIBHOI TeMIIEpaTypH, IO I0CS-
TaeThCs MOJIAYeI0 Y TIOPIIHEBY MOPOYKHIHY HAIIPABJICHOTO IMTOTOKY OXOJIO/PKYBAIBHOI PiJIMHH, HATIPABJIECHOTO
Ha BiZIKpUTE 3ePKAIO IIJTiH/Ipa BCITiJ] OPILHIO, SIKMH PyXaeThCsl BUTHCKatoUM po3urH. Lle no3Borsie 3muBa-
TH PEIITKA abpa3uBy, a TAKOXK €PEKTHBHO BIJBOJUTH TEIUIO, SIKE BUAUIAETHCS Y BY3JI TEPTS, 1 THM CaMHUM
T IBHIIYE PECYPC LTI PO-TIOPIITHEBOI TPYIH OHOTIOPITHEBOrO po3YrHOHAcoca mpruoan3HO B 10 i Oibie
paziB.

ToMy 1Jist TOCSITHEHHS IIMX 1iJIed BUKOPUCTOBYETHCS IPOMUBOYHA PiIMHA Y BUIJISII BOJHO-
MUJIBHO-MACJISTHOTO PO3YHHY Y IIPOLEHTHOMY CHiBBiAHOWIEHH] 92/4/4.

3po3ymiJio, 1110 B MPOLIECI eKCIUTyaTallii po34MHOHACOCA PO3UMH 3a0pYyIHIOETHCS YaCTOUKAMM
kBapiry (ITiCKy), TYMH BiJI OPIIHS, METAJIEBOTO a0pa3uBy, 3MUBAIOYH 1X i3 J3epKaia [IIiHAPa, 2 TOMY
B HW)KHIH YaCTHHI MPOMHBOYHOI KaMepH mependadeHi KapMaHH, B SIKi CTIKAIOTh LI PEIITKH. Takox
yepe3 JesiKUid nepioa HeoOXigHO 3iHCHIOBATH 3aMiHy IPOMHMBOYHOI PiAMHMU AJIs MiABULICHHS il QyH-
KIIIOHAJTBHOTO MTPU3HAYCHHSI.

BukopucraBmm nocBij itaniiicekoi ¢ipmu Turbosol B kKoHCTpyKIiT po3unHOHACOCa BUKOPHUC-
TaHO MOPILIEHb CHeNiadbHOI POPMHU, KOPITyC SKOTO 0OBAPIOETHCS TBEPIOIO T'YMOIO HA OCHOBI €THIICHIT-
pormunieHoBoro kayayky (CKOI1-50-46-56, CKMC-26ACM, ianekc UCO — EPM) [6]. Kouctpykitis
TIOPIIHS CIPOEKTOBaHA TAKUM YWHOM, 1110 KPAEBI KPOMKH MOPIIHS MAOTh (JOpMY MaHKETH, IO MIiJTb-
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HO TIpWIATAaE JI0 J3epKayia MWIHIPA, i e(PEeKTHBHO BHUKOHYE CBOIO (YHKIIO MPH 3BOPOTHO-
MOCTYMAIbHOMY pyci TopmiHsA. Taka KOHCTPYKIIS CYTTEBO MiABUIIHMIA PECypc POOOTH IHIIIPO-
HOPIIHEBOI TPYIIH.

0)

Puc. 2. lluninapo-nopiiHeBa rpymna miciis Harpans0BaHOTO Pecypcy poOOTH: (a) riib3a, BUTOTOBJICHA
31 crani 40X nopmrens BurorosieHui i3 rymu CKOI1-50-46-56; (6) rinb3a, BurorosneHa 3i craii 70
nopiueHs Burotosienui i3 rymu CKMC-26ACM

[ToB3yH KpHBOIIWITHO-IMATYHHOTO MEXaHi3My TaK0X BHKOHAHWH 3 BUCOKOSKICHOI JIETOBaHOI
craim 40X13 I'OCT 8589-75 3 TepmMooOpoOKor0 3akamtoBaHHsAM TBepaicTio HRC 52-54, mo Takox
CYTTERO MIJBUIINAIO PECYpC POOOTH HACOCA B IIJIOMY.

[Ipu KOHCTpYIOBaHHI 3aMKHEHOI KaMepu KOMIIEHCAaTopa HEOOXiTHO KepyBaTHUCS TaKuUM Tapa-
METPOM SIK JKOPCTKICTh AiadpparmMu

L-4P, ()
AX
ne AP — sycunis, sike cnipuiiMae 3aMKHEHa Kamepa, pH 3MiHi TUCKY Ha Ap , MIla; AP = Ap-S, b H;

AX — onuHUIA 1edopMaliii 3aMKHEHOT KaMepH, CM.
st mockoi miadgparmu i epeKTHBHA TUIONIA, SIKa BAKOHYE KOJMUBAIBHI PYXH IPH 3MiHI TUCKY
B KOMIIEHCATOPi pO3PaxOBYETHCS 32 BUPA30M

Sed) :izve(ﬁa (2)
Ap X
eV, — edexTHBHUIT 00’ €M — 00’ €M, SIKHIA BUTICHSETBCSI KaMepoto TipH 11 gedopmarnii Ha 1 cm;

D - AiameTp eeKTUBHOI IUIONI 3aMKHEHOI KamepH, D =2,5 cM.
[Ticis migcTaHOBKY YMCIOBUX 3HAYEHb OTPUMYEMO

Sep=7D-H=314-25.612,5=4810,56 cM’;
AP =2,5-4810,56 =12026,4 H;
L=120285_ 51647 4 Hicm.

[lixg yac poboTn pozunHOHAcCOCA 3aMKHEHAa KaMepa KOMIIEHCATopa, BUKOHYIOUM CBOIO Oe31o-
cepenHio (QYHKLiIO, a caMe KOMIICHCYIOUy, BUTPUMY€ CKIaaHi Aedopmanii mpu y3araiabHeHid mii
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3MIHHOTO TUCKY [ . B 1bOMy BHIaIKy BUHMKAa€ ra30HaCHYEHHS MaTepiany MPOMOPLIHHO THCKY P,

TOMY TIPH TYJBCAIisIX TUCKY 1 MaliHHI TUCKY MOJKJIMBE Ta30BUIIIEHHS B TIOPH 1 yTBOPEHHS BHYTPIIII-
HiX TPIIMH, IO TPU3BOJUTH A0 PO3BUTKY JIOKAJbHUX Je(EKTIB KaMepH.

B pesynbrati mynbcarii THCKY MOBITPs (ra3) B KOMIICHCYIOWil KaMepi HarpiBa€ThbCsl, BHACII-
JTOK IIBHIKOTO CTUCHEHHS (Ou3enpbHui e(eKT), i BHHUKAE MOKIIUBICTh IMPUCKOPEHOTO TEPMOCTAPIHHS
ryMH. Y 3B’SI3Ky 3 IIMM JUIsI IPOTHO3YBAHHS CTPOKIB €KCIUTyaTalii IITaHTy KaMepH BUCOKOTO THCKY
BUHUKA€ HEOOXITHICTh Y MPOBEACHHI aHAJI3Y 3aJICKHOCTEH p(t) 1 PO3paxyHOK TEMIIEPAaTypHOTO pe-

KMy 9(t).
Takoxx kamepa crpuiiMae MyJIbCyI0Yi HAaBaHTAKEHHS, TOMY JUTSI TABUINEHHS MIIIHOCTI 1 9acy

HanpauroBaHHs i NOTPiIOHO BUTOTOBISATH i3 TYMOTKaHWHHOTO MaTepialy Ha OCHOBI HITPHUJIBHUX Kay-
gykie CKH-26M [7, 8].

BucHoBku

B mporeci BUTOTOBIICHHS €KCIIEPUMEHTAIBHOTO 3pa3ka MaJOiMITyJIbCHOTO OIHOIIOPIIHEBOTO
pO3UMHOHACOCA 3 KOMIIEHCATOPOM 30UIBIIEHOTO 00’ €My, Horo m1abopaTopHUX i BUPOOHHYUX BHIIPO-
OyBaHb OyJIM BU3HAYCHI HAIIPSIMKH 3 TIOJIAJIBIIIOTO BJIOCKOHATIOBAHHS KOHCTPYKIIIi TaHOTO HAcoca, sKi
JIO3BOJISIIOTE IMIABUIIUTH HOT0 HAMIHHICTE, 3MEHIITUTH METATOEMHICTD.

3 METOI0 TiABHIIEHHS pecypcy poOOTH Hacoca MimOHpanvcs Marepiaad Ijs BUTOTOBJICHHS
JieTaJiell 1 BY3JiB TipaBiyHOI YaCTHHHM, 30KpeMa IpwiinApa (ctamb 95X18), rine3u 1mroka (CTaib
40X13), mamKeT Ta YUIJBHEHb, @ TAKOX MOPIIHS CHelialbHOI (POPMH, KOPITyC SIKOTO OOBAapIOETHCS
TBEp/0I0 TyMot0. Po3pobieHo cucreMy npOMUBAaHHS TIOPOKHUHH LU APO-TIOPIITHEBOT IPYIHU Ta YIIi-
TbHEeHb. /)11 3MEeHIIIEHHS] METATOEMHOCTI 1 TabapuTiB KOPITYC pO3YMHOHACOCA BUTOTOBJICHO 3BAPHUM 3
JIMCTOBOT CTaIi.

Takox 7151 3MEHIIeHHS Ta0apuTIB MO MUPHUHI HEOOXITHO BCTAHOBHUTHU €JIEKTPOJBHUTYH 3BEPXY
KOPITyCY PO3UYMHOHACOCA, aje TaKMM YWHOM, II00 He 301IBIIyBaTH TPYAOMICTKICTH POOIT IMI0m0 00-
CIIyTOBYBaHHS PO3YHHOHACOCA.

st 3a06e31medeHHs] MOKIIMBOCTI PETyII0BaHHSI [T0JIa4i PO3YMHOHACOCA, 32 PaXyHOK 3MiHH Yac-
TOTH XOJIiB IOPIITHS, HEOOXITHO IIKIBH KIMHOIIACOBOI IepeIadi CpOeKTyBaTH CYIUTbHO-KOMOIHOBaHI
3 Pi3HUMHU JliaMeTpaMHu TIiJ] TacH JUIS CTYIIHYAcTOI 3MiHU MEPEJATOYHOIO BiIHOIICHHS TIPUBO/TY.

BHeceHHsT B KOHCTPYKIIIIO MaJOiMIYJIbCHOTO PO3YMHOHACOCA HAaBEJACHUX KOHCTPYKTHBHUX
3MiH Ta BUKOPUCTAHHS 3HOCOCTIHKMX CTajei 1 CIUIaBiB HAAACTh MOXKIIUBICTH MiIBUIIUTH CTA01IbHICTh
po0OTH Hacoca TP MepeKadyBaHHI MAJOPYXOMHUX PO3YHHIB, 30UIBIIATHA PECYPC POOOTH TEPTHOBUX
JeTajell AIiHIPO-TMOPIIHEBOI TPYITH, KPUBOIIMITHO-IIATYHHOTO MEXaHi3My Ta Hacoca B IIIOMY.
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VJIK 621.791

JTOCJII)KEHHA MEXAHIYHHAX BJJACTUBOCTEM M TPINIMHOCTIMKOCTI
3BAPHUX 3'€IHAHb CTAJII 0912CY/

Adaedipos O., cryaent rp. MC-41-19, XHAY

Anomauia. Ilposedeno 00CHiONHCeHHs CMPYKMYPHO-MEXAHIYHOI HeOOHOPIOHOCMI CIMUKOBUX 36APHUX
3'eonany cmani 0912C, suxonanux 080CMOPOHHIM AGMOMAMUYHUM 38APIOGAHHAM naasienHsam. Ha
OCHOBI NPOBEOCHUX OOCTIONCEHb BUHAYEHO CEPEOHT 3HAUeHHs Ul Koepiyicnmu sapiayiil epanuyi mexy-
yocmi, mUM4aco8o2o onopy i mpiwurnocmitikocmi Jc memany 3'eounams. Ilokazano, wo cmamucmuy-
Hi eapiayii epanuyi mexkyuocmi, mumuaco8o2o onopy u mpiwuHocmitikocmi Jc memany pi3Hux 30H
3'€e0Hanb He MAOMb YIMKUX KOpeayitl Midxc cobor.

Knrouoei cnoea: cmanw, 36apiosants, Mexauiuui 61acmueocmi, mpiujuHoCmiliKicme.

RESEARCH OF MECHANICAL PROPERTIES AND CRACK RESISTANCE OF
WELD JOINTS OF STEEL 091'2C

Alefirov O., student of group MC-41-19, KhNAHU

Abstract. The research of structural and mechanical heterogeneity of the abutting weld joints of steel
09G2S executed by bilateral automatic welding by melting is conducted. On the basis of the conducted
researches mean values and coefficients of variations of a tear strength, temporary resistance and
crack resistance of Jc of metal of connections are defined. It is shown that statistical variations of a
tear strength, the temporary resistance and crack resistance of J. of metal of different zones of
connections have no accurate correlations among themselves.

Key words: steel, welding, mechanical properties, crack resistance.

Beryn

OnHi€l 3 icTOTHUX 0COOIMBOCTEH 3BapHUX 3'€IHAHD € CTPYKTYPHO-MEXaHiuyHa HEOJHOPIJHICTh
meraiy. [Ipupoza i BIacTHBOCTI I1i€l HEOJHOPIHOCTI HEOAHOPA30BO JOCITIDKYBAINCS, OJHAK, 11 pOJIb
AK (aKkTopa pyliiHyBaHb 3BapHHX 3'€IHAHb 3aJHMIIAETHCS J0 KiHIM He MeBHOW. HeratusHi edexTy He-
OJIHOPITHOCTI 3BUYANHO NPOSBISIFOTHCS B KOMILUIEKCI 3 MEPEPO3MOIIIOM TOJIIB HOMIHAIBHUX 1 JIOKa-
JBHUX HaNpyXeHb, nedopmariii, crapiHHAM MeTaly, HarpOMa/UKEHHSIM yTOMIIIOBAaHHX YIIKOJKEHb.
IcroTHUM € ¥ cTaTHCTHYHMI (PAKTOP CTPYKTYPHO-MEXaHIYHOT HEOJHOPITHOCT1, OCKUIBKY OPMYyBaHHS
BOTHMUII PyHHYBaHHS 3BapHUX 3'€JJHAHb 0araTo B YOMY 3aJIXKHTh BiJ] BUIIAJKOBUX PO3CIFOBaHb MiKpO-
1 MaKpoOXapaKTEpUCTHK Pi3HUX 30H 3BAPHOrO IIBA. Y 3B'SI3KY 13 UM CTPYKTYpPHO-MEXaHiuHa HEOIHO-
piIHICTE Ma€e 0cOOJIMBE 3HAYCHHS i PO3TIISIAETHCS SIK HEOOXITHUN €JIEMEHT KOMIUIEKCHOT'O EKCIIepH-
MEHTAJILHOTO JIOCIPKEHHS MIITHOCTI i TPIIIUHOCTIHKOCTI 3BapHUX 3'€IHAHb.

Le cipyunHsie aKTyaJbHICTh MPOBENEHHUX JOCIIIKEHb CTPYKTYPHO-MEXaHIYHOI HEOAHOPIIHO-
CTi 3BapHUX 3'€/IHAHb, BUKOHAHHUX JIYTOBUM 3BapPIOBAHHSAM ILTABICHHSIM.

Amnaui3 myOJikaniii Ta MeTa 10cTiIKeHb

3BaproBasIbHI MPOLIECH MPOTIKAIOTH M0 CKJIAAHUM (Di3UKO XiMIYHUM 3aKOHaM NP BHCOKiH Te-
mueparypi. OniHKa BIUIMBY OLIBIIOCTI TapaMeTpiB Ha 3BapIOBANIBHI MPOIIECH PO3PAXOBYEThCS HAOIH-
JKEHO 110 HOMOTpaMaM a0 eMMipuuYHUMH (OPMYJIaMH, CKIaJeHUMHU HAa OCHOBI CTATHCTUYHHUX JaHUX
30-40 piunHoi gaBHOCTI [1]. Bubip ciocoOy i Halikpamux pe>KuMiB 3BaplOBaHHS JIETOBAHUX CTaJIeH, sIKi

17 Po6ora BukoHaHa mij KepiBHMITBOM gouenTa Barposa B.A.
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MIPAITIOIOTh B PiI3HUX YMOBAX, IMOB'SI3aHUHN 3 JACSIKUMH TPYIHOIIAMHU: TPYAOMICTKICT 1 TPHUBAJIICTh BU-
KOHAHHS JOCIIHKSHHS, 3HaYHI MaTepiaibHiI BUTPATH, 1[0 OOMEXY€E KITBKICTh BapiaHTIB paIliOHaTHHO-
ro pimenHs. KpiM Toro, oTpumani MaTeMaTH4YHi MOZETI Ta 3aJ€KHOCTI HE AAalOTh Bi3yalbHOTO Hpe-
CTaBJICHHS IPO MPOTiIKaHHS MPOLECIB 3BaploBaHHA [2].

CtpykTypa 1 BIaCTUBOCTI 3BapHUX 3'€THAHb 3 HU3BKOJIETOBAHUX CTaJIeH MOB'sI3aHI 3 TEXHOIO-
TIYHUM TMPOIIECOM 3BaPIOBAHHS 1 3aJIeKaTh BiJl 00paHOro crocody i pesxxuMiB ((PPOHT ra30BOTO 3aXHUC-
Ty, LIBUJKICTh 3BapIOBAaHHS, HANIPpyra AyTd, CHJa 3BaplOBaJIbHOTO CTPYMY, TeMIIepaTypa MonepeaHbo-
TO MiITPiBY, TEMIIEpaTypa HACTYITHOI TepMooOpoOKH 1 iHmI.). KpiMm 11p0r0, MIBUAKO MPOTIKAIOTh MPO-
IIECH Y 3BapIOBalbHill BaHHI, CTBOPIOIOTh HEPIBHOBAYKHI YMOBH KpHICTaNi3allil, a HE3aBEPIIEHICTh MPO-
neciB qudys3ii # KOHBEKTUBHOTO MacONepeHeceHHsT 00yMOBIIOE XiMIUHY 1 CTPYKTYpPHY HEOIHOPiA-
HICTh [3], IO 3HMWKYE eKCIUTyaTalliiiHi BIaCTUBOCTI BUPOOIB 1 B OLIBIIOCTI BHUMAAKIB MIPU3BOIUTH IO
nepeYacHoro pyiiHyBaHHs. HaliOinpiny HeOe3neKy CTaHOBUTH 30HA CIUIABY HAIUIABICHOTO METANY 3
OCHOBHUM (HaBKOJIOIIIOBHA 30HA), JIe CIIOCTEPIraeThCs MiJBHUINEHA XiMiYHA 1 CTPYKTypHA HEOIHOPII-
HICTb, @ TAKOX MiK KOHIEHTPAIii BHYTPIIIHIX 3BapIOBATbHUX HAMPYKCHb.

Lime mocimiKeHb ToJIAraia B oiep KaHHs CTATUCTUIHOI iH(pOpMaIlii mpo XapaKTepUCTHKH Me-
XaHIYHHUX BIACTUBOCTEH PI3HUX 30H 3BapHUX 3'€THAHb JJISI HACTYITHOT PO3POOKH PO3PaXYHKOBHX MO-
neneit neopMyBaHHS i PO3BUTKY KPHUTEPIiB pyHHYBaHHSI.

Mertonu i MmaTepianu Aoc/igKeHHs

JlocipkeHHs] BUKOHaHI Ha 3BapHUX 3'eHaHHAX cTaii Mapku 0912C, sika MMUPOKO 3aCTOCOBY-
€ThCA Y cydacHOMY MammHOOymyBaHHI. Ctans 091'2C 3acTOCOBYETHCS I BUTOTOBJICHHS PI3HHX Jie-
Taye 1 eJIeMEeHTIB 3BapHUX METATOKOHCTPYKIIN 3arallbHOrO TMPU3HAUCHHS, 10 NPAIOIOTh MIPH TeM-
nepatypi Big minyc 70 go mmroc 425 °C: mapoBuX Ka3aHiB, arapaTiB 1 MICTKOCTEH, 1110 MPAIIOIOTh i
THUCKOM; JleTalleil TpyOOIpOBiIHUX apMaTyp, BiAMOBIAaTFHUX 3BapHUX MAITUHOOYIIBHUX 1 OymiBeIb-
HUX KOHCTPYKIIiH.

Jis BUTOTOBIICHHS 3pa3KiB BUKOPHCTOBYBAIIUCS MPOKATHI JIMCTU TOBIIUHOKO 10 MM, JOBKH-
HOt0 500 MM i mmpuHOIO 150 MM. MexaHiuHI BIACTHBOCTI CTajielt MpH MaHii TOBIIMHI JHCTOBOTO
npokary BiamoBigao 1o JAEPXKCTAHJAPT 5520-79 npencrasneni B Tadm. 1.

3BaproBaHHS MPOBOAMIOCS aBTOMAaTHYHHUM CIIOCOOOM ITifl (DJIFOCOM JPOTOM JiaMETPOM 2 MM.
Hus crami 0912C — ¢umroc AH-348A #i npit CBOS['A. 3BaproBaHHS MPOBOJIWIOCA i3 JIBOX CTOPIH.
ITepmra cropona: crpym 3BaproBadas 300-320 A, Hanpyra 26—27 B, mBuakicts 40 M/roj1, BIIIT IeK-
Tpona 25 mm. [pyra crtopona: crpym 3BaproBanHs 410430 A, manpyra 29-40 B, mBuakicTh
40 m/roj, BUIIT eneKTpoaa 25 M.

Tabnuns 1 - MexaHiuHi BIaCTUBOCTI JIMCTOBOTO MPOKATY TOBIIMHOKO 10 MM

Cranp JAEPXXCTAHIAAPT Moaynb Mexa TumyacoBuit Bigaocue
MPYXHOCTI | TEKy4OCTi orrip TIOJTIOB)KEH-
E, MIla o, MIla os, MIla HS
s, %0
0912C 5520-79 2,1-10° 325 470 21

Jns BU3HAUEHHS XapaKTePUCTUK MEXaHIYHMX BJIACTUBOCTEH BUIPOOOBYBAIMCS CTaHAAPTHI
mutiHapuyHi 3pasku 3a JICTY 6996 3 miameTpoM po00Y0i 4acTUHU 3 MM. 3pa3Kd BUPI3aluCs B I103-
JIOBXKHHOMY HANpPSMKY 13 YOTHPHOX 00JacTeil 3BapHOTO 3'€JJHAHHS, pO3TalllOBaHKUX Ha BijxcTaHi 0, 6, 8
125 MM Bix nenTpa mBa (puc. 1), Mo 40THPHOX 3pas3Ka 3 KOKHOI 001acTi.

BunpoOyBaHHs mpoBoAMIUCS Ha YHIBepcallbHiN icnuToBiii MammHi BiSS monem Bi-00-201,
NPU3HAYEHOI JIISI MEXaHIYHUX BHUMPOOYBaHb HA MIIHICTh, BUTPUBAIICTh 1 pylHYBaHHs B iHTEpBali
HaBaHTaxxeHb 10 5 kH i3 wactororo HaBantaxenHs Bix 0 go 100 . [{ns po3TsaraHHs HaBEPHYTHX -
JTHIPUYHMX 3pa3KiB BUKOPHCTOBYBABCS PEBEPCOP.
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TpimuHa BUpOIIyBanacs B yMoOBaxX IUKJIIYHOTO HABAaHTAKCHHS NPH TPHOXTOYKOBOMY BUTHHI 3
KoedirieaToM acumeTpii nukiy pisauM 0,1 mpu MakcumanbHOMY HaBaHTaxkeHHI 1,22 kH mist 3paskiB

31 ctam 09I"2C.

dé

i)

#3

25

30HA rep.\xi-moro BILTHBY

X MeTan wmea

OCHOBHHIT MeTal

6)

Puc. 1. CrannapTHuid UITIHAPUYHHUN 3pa30K 1 cXxeMa BUPI3KH

XapakTepHUCTUKN TPIIIMHOCTIMKOCTI BU3HAYAIUCS Ha TUIOCKUX MPSIMOKYTHHX 3pa3Kax i3 Kpa-
rioBoto Tpimmuoo BimnosimHo a0 JEPXKCTAHIAPTY 25.506-85. I'eometpis i cxema BHPI3KH
(puc. 2) aHanoriyHa cxemi Ui QUJIHAPUYHHX 3pa3KiB — 110 YOTUPHOX 3pa3Ka 3 KOKHOI 00J1acTi.

\\ W
NETAT BN

30HA TEPMIYHOTO BILTHBY

OCHOBHITH MeTan

6)

Puc. 2. [Tnockuii NpSAMOKYTHHUH 3pa3oK 1 cXxeMa BHPI3Ku:
lb=6MM;e=1mMM;t=6MM; b=12 MMm; L =48 mM; L1 =54 Mmm
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BunpoOyBanHs MWTIHAPUIHUX 3pa3KiB MPOBOIMINCS 13 3aIUCOM JiarpaM «HAaBaHTaXCHHS —
MOIOBKEHHsY. MexaHi4uHi XapakTepucTuky BusHavamucs 3a JJCTY 1497-84.

[Tpu BunpoOyBaHHAX HA TPHOXTOYKOBHI BUTHH I10 JiarpaMi «HaBaHTAXKCHHS — TIEPEMIIIICHHS
BU3HAYAJIOCS KPUTUYHE 3HaueHHs J-IHTerpaia, mo BiAMOBigaE MakCUMAaIbHOMY PYHHIBHOMY HaBaH-
TaXSHHIO 10 HACTYIHIN dopmydi [4]

] :(1_ﬂz)Kéz+ Ac % 0
¢ E (b-1)t k'’

ne w— koegimient [lyaccona pisawuii 0,3;

E — Mmonynb npy>kHOCTI;

| — BUXizHA MOBXKMHA TPIIIHHM;

b, t — po3mipu nonepeynoro OpyTTO-TMIEPETHHY 3pa3ka (puc. 2, a);

K¢" — yMOBHMI KpUTHYHUI KOE(IIEHT iIHTEHCUBHOCTI HATIPYKEHb;

A,c — pobota, 0 BIANOBiga€ TIACTUYHOI YACTHUHU MiJI JiarpamMor0 HaBaHTAXCHHS 3paska; y=2;
k =1.

BuxinHa noBkuHa TpilHU | BU3HAUANIACs SIK cepeiHE apru(METHUHIX BUMIPiB B 3 TOUKax Ha

KOHTYp1 YTOMIIIOBaHOI TPIllIMHH, PO3TAIIOBAHUX Yepe3 PiBHI MPOMiKKH (pHc. 3):

)

Puc. 3. KoHTyp BHXi/IHOT yTOMJIFOBaHOI TPIIMHA

VMOBHUI KpuTHYHKI Koe]illieHT iHTeHCHBHOCTI HanpyxeHb K¢ BU3Ha9aBcs 1o Gpopmyiti [4]

Ké =M'Y4,

t-/b?
| 1Y 3)

Y4:3,494{1—3,396 b +5,839 Rt

ne Pc — MakcuManbHe HaBaHTaXXEHHS, IO JIi€ Ha 3pa3oK;
L — BizicTanb Mix ormopamu, piBHa 48 MM.
PobGoTa Apc BU3HaYanacs K IUIOMIA ITiJ] {iarpamMor0 «HaBaHTaKEHHS — MIEPEMIIIICHHs», o0Me-
JKeHa MPSMOIO MapaliebHO1 JIIHIHHOT YaCTHHU AiarpaMy ¥ MpOBEACHOT yepe3 Kparky 3 MaKCUMaIIbHUM
HaBaHTtaxenHsMm PC (puc. 4).


https://drive.google.com/file/d/0B6GBmmO38s4bQkhNdHBlVVZlNWc/view?usp=drive_web
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Harpyzra, H

Ilepemimenns,
Puc. 4. liarpama nehopmyBaHHsI 3pa3KiB i3 KpalilOBOIO TPIIIMHOIO
IPU TPHOXTOYKOBOMY BUTHHI

Pe3yabTaTu g0cCaiIKeHb

Bapiarii cTpykTypHO-MeXaHIYHIX BIACTHBOCTEH € OCHOBOIO sl (pOopMyBaHHS YHCETHHOI MO-
JIeNTi OIIHKY TPIIIWHOCTIHKOCTI 3BapHUX 3'¢HaHb. CepenHi 3HaUeHHs W Koe]illieHTH Bapiallii BU3Ha-
yaucs JUIS TPhOX 30H 3BAPHOTO 3'€THAHHS LUISXOM O0'€JHAHHS CYKYMHOCTEH eKCIepUMEHTATbHUX
3HA4YeHb OTPUMAHUX y KOXKHiH 30Hi [5, 6] (Tabm. 2).

KoedinienT Bapiariii Bu3Ha4aBcs 3a (OpMYIIO0

: (4)

JIe G - CepeHbOKBAAPATUYHE BIAXUIICHHS;
X — cepemHe 3HAUCHHS.

Tabmums 2 - Cepenni 3HadeHH X 1 Koe(illieHTH Bapiamii v MeXaHIYHHX BIACTHBOCTEH i
J-Inmezepana B 30HaX 3BapHOTO 3'€ THAHHS

3oHa Mexa TumuacoBuit J-Inmezpan
3BapHOTO TEKY4YOCTI1 omip
mBa MIla \ MIla | v X, kJlx/m? | \
0912C

OcHoBHUM 442 0,04 593 0,02 84 0,14

MeTan

3TB 466 0,07 631 0,01 87 0,26
Mertan mBa 414 0,06 571 0,04 89 0,07



https://drive.google.com/file/d/0B6GBmmO38s4bWElrTUM2dXdEOE0/view?usp=drive_web
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KoedimieaTn Bapiarii rpaHuIll TEKy4oCTi i THMYACOBOTO OIOPY y 3BapHOMY IBi 3i cTaii
09I"2C 3minIoTHCA B Mexkax Big 0,04 mo 0,07 1 Big 0,1 mo 0,4 BigmosigHo. HaiOinapmioro sHaueHHs
koedimient Bapiauii J-lumeepana nocsirae B 3TB — 0,26 nna 091'2C. B ocHOBHOMY MeTaji 3BapHOTO
miBa 31 craii 091°2C koedinienT Bapianii nopisxtoe 0,14, y metani msa - 0,07.

3riHO 3 OTPUMaHUMH JaHWMH BapTO BiA3ZHAYWTH, IO Bapiatis J-Iaterpana nepesuirye Bapi-
arfii IHIUX OCIiKyBaHUX BeianunH. HaiiOinbie e nposeiuserbes aust 3TB, ockiibku B 11iH 30Hi ic-
TOTHO BHPaXCHa MIKPOCTPYKTYPHA HEOJTHOPIJHICTh, IO BIUIMBAE HA HANPYXKCHUH CTaH y BEPIIUHI
TpimuHU. MexaHiuHI BJIacTUBOCTI, OOYMOBIIEHI Ha MUJIIHAPUYHHAX 3pa3KaxX, MEHII MiIaHi BIUTHUBY
HEOJTHOPIAHOCTI, OCKUTFKA B TIpoIieci AeopMyBaHHS 3aIisiHI 3epHA METaTy IO BCIM NepeTHHaM 3pas-
Ka.

BucHoBku

1. IIpoBeaeHo AOCHIIKEHHS CTPYKTYPHO-MEXaHIYHOI HEOJHOPITHOCTI CTHKOBUX 3BapHHUX
3'enHanb crani 091 2C, BUKOHAHUX TBOCTOPOHHIM aBTOMAaTHYHUM 3BapIOBaHHSM IUTaBJIICHHSIM. BusHa-
YeHO cepelHi 3HaueHHs 1 KoedillieHTH Bapialiii TpaHUIll TeKy4OCTi, TAMYaCOBOTO OMOPY ¥ TPIIIHHO-
CTiliKOCTi JC MeTaly 3'eIHaHb.

2. IlokazaHo, 10 CTAaTUCTHYHI Bapiallii TpaHUIl TEKY4OCTi, TAMYACOBOTO OIOPY ¥ TPIIIHHO-
CTifikocTi JC MeTaiy pi3HUX 30H 3'€HaHb HE MAIOTh YITKUX KOPENALId MiXk c000¥0.

3. Ilpn ymcenbHOMY CTaTUCTUYHOMY MOJENIOBaHHI JeopMyBaHHS i pyHHYBaHHS 3BapHHUX
3'€IHAHB ISl KOYKHOI PO3TIISIHYTOI XapakTepUCTUKN HEOOXiJTHO BUKOPHUCTOBYBATH BiJNOBIHI Tif Koe-
¢imienTn Bapiarii. BukopuctanHsa y3aranbHeHHX KOe(iIlieHTiB Bapialliii MOXe MPUBOIUTH JI0 iCTOT-
HUX MOTPIIIHOCTEH OLIHOK MpaIe3aTHOCTI 3BapHUX 3'€JHAHb.
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YIK 620.179.14

KOHTPO.JIb IKOCTI TEPMIYHOI OBPOBKH 3A
KOEPLHUTUBHOIO CWUJIOIO '8

Bo3unwok O.L., cT. rp., MC-31-20, , XHALY

Anomauia. Posensnymo 36's130Kk Misc KOepyumueHoio cuioio i meepoicmio cepeoHbo8y2ieyedoi cmaii
nicas pizHUX 8U0i8 MepMiuHOi 0OPOOKU, HA OCHOBI AKO20 MACHIMHUL AHATI3AMOP MONCHO HAAAUIMNY-
8aMuU HA ABMOMAMUYHUL NepeKao 3navensb He 6 sHauenus meepoocmi.

Knwowuogi cnosa: cmans, mepmiuna oopobxa, KoepyumusHa cuid, meepoicmo.

QUALITY CONTROL OF HEAT TREATMENT FOR
COERCIVE FORCE

Vozniuk O, st. of gr. MC-31-20, KhNAHU

Abstract. The relationship between the coercive force and the hardness of medium-carbon steel after
various types of heat treatment is considered, on the basis of which the magnetic analyzer can be con-
figured to automatically translate Hs values into hardness values.

Key words: steel, heat treatment, coercive force, hardness.

Beryn

[IpoGyieMa KOHTPOJIIO SKOCTI JIeTaJIel € HaJ[3BHYaiiHO Ba)KJIMBOIO 1 aKTyaJIbHO, OCKUIBKH 1€
BIDIMBAE Ha AKICTh MAIIWH 1 KOHCTPYKIii. [{o mapameTpiB SKOCTI, sIKi B MEPIIy YepTy MiAIaI0THCSI KO-
HTPOJIIO, HAJIGKATh MIKPOCTPYKTypa i MeXaHi4Hi BIaCTUBOCTI JeTaine [1]. SAkicTh aeranei MamuH, ix
Mpale3aaTHICTh 3aJIe)KaTh B OCHOBHOMY BiJl SIKOCTI TepMidHOT 006poOKH. KOHTpOIb SIKOCTI TepMidHOT
0OpOOKHM MPOBOIATH HA TMIJIPHEMCTBAX 3a TBEPHUICTIO — II€ JOCUTH TOYHHH, MPOCTHH, 3pYYHUH Ta
epexTuBHUN MeTon [2]. OmHaK KOHTPOJIOBATH SIKICTb TEPMOOOPOOKH BHMIpIOBAHHSIM TBEPIOCTI B
JIeSIKUX BUTIaJIKaX HEJIOCTaTHBO HAJIIHO, a iHOMi i HeMoxuBo. [licist BUMipy TBEp/IOCTi Ha MOBEPXHi
JIeTalli 3aJIMIIAEThCS BIIOUTOK, AKUW Y BUIAJKY BUTOTOBJICHHS HPEIU3IHHUX JeTajlei HeOoOXiIHO BH-
JAJIATH MEXaHIYHO 00poOKot0. He 3aBkIu MOXKHa BHKOPHUCTOBYBATH TBEPAICTH 1 B TOMY BHIIQJIKY,
KOJIM HEOOXIJIHO IiJIaBaTH BXiJHOMY a00 BHUXIAHOMY KOHTPOJIIO BCI JETaji, 110 BHUTOTOBJISIOTHCS.
VY 3B'SI3KYy 3 MM JJIs1 CTOBIJICOTKOBOTO KOHTPOJIO JeTalieil moTpiOHO 3acTOCOBYBaTH (i3WYHI METOIU
KOHTPOJTIO, SIKi MAIOTh BUCOKY IIPOJYKTUBHICTH 1 € HEPYHHIBHUMHU.

BaraTopa3oBo pobunmcst cripoOy 3aMiHUTH TOBIIBHI 1 TOpOTi BUMPOOYBaHHS MEXaHIYHUX BIla-
CTUBOCTEH HEPYHHIBHMMH CTPYKTYPHO-UYTJIIMBUMHU (DI3SMYHUMH METOAaMH KOHTPOJIO, HAIPUKIAI:
aKyCTHYHUMHM, MATHITHUMH, Pa1i0XBUILOBUMH, €JICKTPUYHUMH Ta iH. [3-5].

VY naniit poOOTi 11 KOHTPOITIO SIKOCTI OyB 0OpaHuii MarHiTHUN MeTo] (32 KOCPIIUTHBHOIO CH-
JIOK0), SIK OJIMH 3 HAMOLIBII ITUPOKO BUKOPHUCTOBYBAHUX METO/iB KOHTPOIIO CTPYKTYPH 1 MEXAHIYHUX
BJIACTHBOCTeW JeTtaneii i BupoOiB 3 ¢epoMarHiTHuX martepianiB [1]. Pi3MYHOI0 OCHOBOIO MarHITHUX
METO/IIB € UyTJIUBICTh (HI3MKO-MEXaHIYHMX 1 MAIHITHUX BJIACTHBOCTI CTaJieH JI0 3MiH, 1110 BiJ0OyBarOTh-
cs1 B (pa3oBOMY 1 XIMIYHOMY CKJIa/li, CTPYKTYPHOMY 1 HAallpy>KEHOMY CTaHax cTaieH 1 cruiasis [1].

AHaJji3 myOaikauii

B 0cHOBI eneKTpoMarHiTHUX METO/iB KOHTPOJIIO SKOCTI TEPMIYHOI 1 XIMiKO-TEpMIUHOI Ta iH-
HIMX BUJIB 0OPOOOK JIEKUTH 3aJI€KHICTh MarHITHUX 1 €JIEKTPUYHUX BIACTUBOCTEH BiJl 3MiH y CTPYK-

18 PoGoTa BuKkoHana i kepiBHuUITBOM pouenta Jlanasaposoi H.O.
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TypH MeTaly, sIKi BiI0OyBalOThCA B Impolieci 00pooku [3-5]. OxHak, 1151 3aIeKHICTh € Ty’Ke CKIAIHOIO,
psia GakTopiB, MO BIUIMBAIOTH HA HEl, B3a€EMHO MEPETHHAIOTHCS, 1 TOMY HEMA€E SIKOTOCh YHIBEpCaJIbHO-
r'0 3aKOHY, L0 JIO3BOJISIE Y BCiX BUMAAKax 0e3 MoNepenHiX JOCHiPKeHb 3aCTOCOBYBATH MAarHiTHUI a0o
CJIIEKTPUYHUN METOJ KOHTPOJIIO 3aMiCTh MEXaHIYHUX Ta MeTanorpadiuHux nociimkenb. Tomy icHye
HEOOX1THICTh EKCIIEPUMEHTAIIEHOTO BU3HAYCHHS 3B'SI3Ky MarHITHUX XapaKTEPHUCTHUK 13 CTPYKTYPHUMH
1 MexaHiyHUMH mapamerpamu. [1oTiM BiAMOBIAHO 0OpaHUM mapameTrpaM, ¢opMi i po3MipaMm BHpoOa,
SAKUW TiIjIsirae KOHTPOIIO, PO3POOIISIETHCS anapaTypa, 10 A03BOJISIE MIBUIKO 1 JOCUTH TOYHO MPOBO-
JTUTH KOHTPOJIb MeXaHIYHUX a00 iHIMMX (hi3WIHUX UM eKCIUTyaTalliiHUX BJIACTHBOCTEW BHPOOIB 3a iX
MAarHiTHUMH i €IeKTPHYHAMH BIACTUBOCTSMH.

[lig MarHiTHUM CTPYKTYPHHM aHaJi30M CJiJl PO3YMITH BCSIKI MarHiTHI BUPOOYBaHHS, OCHOB-
HOIO METOIO SIKMX € HE BCTAHOBJIEHHS KOHKPETHUX 3HAUCHb MAarHITHUX BIACTHBOCTEH JaHOTO BUPOOY
abo CIuTaBy, a CyZPKEHHS 32 MAarHITHIMH BJIACTHBOCTSIMH PO Ti UM iHIII XapaKTePUCTUKH BHPOOy abo
aBUILA, SKi B HhOMY BiZ0yBalOThCS.

MarHiTHI METOJY KOHTPOJIO MIiKPOCTPYKTYpPH 1 BIACTUBOCTEH 3aCTOCOBYIOTH Ul METaliB i
CIUIABiB 3 SICKPABO BUPAKEHUMH MarHiTHUMH BIACTUBOCTSIMH — ()epOMAarHeTHKIB.

KoepuutuBHa cuia € ofHi€0 3 HAHOLIBII CTPYKTYPHO YyTIMBUAX XapaKTEPUCTUK (epomarHe-
THKIB 1 TOMY 11 BUKOPHCTOBYIOTh JUISI KOHTPOJIIO SKOCTI TEPMIYHOI 0OPOOKH 1 MEXaHIYHUX BIIACTHBOC-
Tell pi3HUX CTaleBUX 1 YaBYHHUX BHPOOIB. 32 3HAUCHHAM KOSPIUTHUBHOI CHIIM MOYKHA BH3HAYHUTH TBE-
PAICTb, NIMOMHY 1IEMEHTOBAHHOTO MIAPY JCTAJCH, SIKi MiJIal0Th TapTyBaHHIO CTPYMaMH BHCOKOI Jac-
TOTH. JI7151 3aCTOCYBaHHS IBOTO CIIOCO0Y KOHTPOJIO HEOOXIAHO MONepeaHhO BCTAHOBUTH 3B'SI30K MiXK
KOEPIUTHUBHOIO CHJIOIO 1 MEXaHIYHUMH XapaKTEPUCTHKAMH, 1 JAaji 3a 3HAUYCHHSM KOEPLUUTHBHOI CHIIN
MPOBOJUTH aBTOMAaTUYHUI KOHTPOJIb TOTOBUX BUPOOIB.

Merta poOOTH - BCTAaHOBIIEHHS 3B'SI3KY MiXK CTPYKTYpPOIO CEPETHHOBYTIIEIEBOI CTaNi, TBEpIic-
TIO 1 KOEPIUTHUBHOIO CHIIOIO.

MeToauKH D0CTiNKeHb

JocnimpkeHHs: TPOBOAMIIKCS Ha 3pa3Kax i3 crami 45, sika MUPOKO BUKOPUCTOBYETHCS IS BU-
TOTOBJICHHS AeTaneil mamuH. XiMigau# ckian crami: 0,42 % Byrnero, 0,18 % xpomy, 0,75 % mapra-
HITIO. [3 cTaii 45 Oyjau BUTOTOBJICHI 3pa3ku JiaMeTpoM 45 MM 1 TOBIIMHOK 8 MM. 3pa3ku MijiaBajiu
TEepMivHil 00p0oOIIi: rapTyBaHHIO 3 BUCOKUM, CEPEIHIM 1 HU3bKHMM BiJITyCKOM, BiJIaiy i HOpMaTi3aiii.
Lli pexxumu TepMidHOI OOPOOKHM € TUIIOBUMH JUIsl JAETalieil MiAHOMHO-TPaHCIOPTHUX MamuH. Kpim
TOTO, LI PEKUMHU JIO3BOJIIIOTH OTPUMATH PI3HY MIKPOCTPYKTYpPY — (EpUTO-TIEPIIiITHY, MapTEHCHUTY,
COpOITY 1 TPOOCTHUTY BIAITYCKY, KapOifu pi3HOI hopmu (TUTaCTHHYATI y TMEPIITY i 3epHUCTI y copOiTy i
TPOCTUTY), KapOifiu pi3HUX Po3MipiB (y cOpOITYy 1 TPOCTHUTY), Pi3HUI PiBEHb HAIPYKEHb - MiHIMaJIb-
HUH MMicIs BiAmamy, MaKCUMalIbHUH iCIIs rapTyBaHHS.

TBepuicTs cTalli BUMipIOBaIM Ha TBEpAOoMipi PokBema mpu BTUCKYBaHHI TBEPAOCILIABHOI KY-
TbKY giametpoM 1,58 MM (Jutst 3pa3kiB Mmicis Bifmaiy 1 HopMadizamii 3a mkanot B), mpu BTUCKyBaHH1
anMaszHoi mipamian (Uit 3pa3KiB Mmicist TapTyBaHHS Ta BiAIMyCKy 3a mkanoro C).

MertanorpadivHi JTOCIHIPKEHHS! MPOBOAMIIUCS 32 3arallbHOTPUHHATOI0 METO-IUKOIO 3TiTHO 3
I'OCT 9450-76 na ontTnarOoMy Mikpockorni MIM-8.

Jdnsi  BUMIpIOBaHHS KOEPIMTHUBHOI CHJIM BUKOPUCTOBYBAIM MAarHITHWHH  aHaizaTop-
koepuutumMeTp MA-412MM (puc. 1).

MarHiTHI METOJY KOHTPOJIIO MIiKPOCTPYKTYpPH 1 BIACTUBOCTEH 3aCTOCOBYIOTH Ul METaliB i
CIUIABiB 3 SICKPaBO BUPaKCHUMHU MarHiTHUMH BJIaCTHUBOCTSIMU — pepoMarHeTukiB. [loscHeHHS cHITBHOT
HaMarHiueHocTi (hepoMarHeTUKiB - HasSBHICTh y (hepoMarHiTHOMY KpHCTali obnacteil - JOMEHiB, sKi
HaMarHiueHi JI0 HACUYEHHS Y BIJICYTHICTh 30BHINIHBOTO MAarHiTHOTO MOJsL. Y MeXaX CBOIX TpaHHIlh
KOXXEH JIOMEH HaMarHiueHWi OJHOPITHO 1 0 Hacu4ueHHs. JloMEHU BiIOKpEeMIICHI OJWH BiJ OJHOTO
JOMEHHMMH TIpaHHIsIMHU. B mporeci HamarnigyyBaHHA ab0 po3MarHiuyBaHHS BiOYBA€TbCs 3CYB J0-
MEHHUX I'paHHIb. Bei pakTopu, siKi CIPHUSIOTh TaJbMyBaHHIO TPaHHIIL JIOMEHIB, IiJIBUIIYIOTH KOep-
LIUTHUBHY CHITY.



Puc. 1 Marnitauii ananizarop MA-412MM

KouTpoan sikocTi TepMiuHOT 00po0KH TeTasieli MArHITHUM MeTO010M

craii 45 micis pi3HUX PEKUMIB TePMITHOI 0OpPOOKH 3aHOCHIIH B Ta0I. 1.
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PesynpTat mocnimkeHHS MiKPOCTPYKTYpH, BUMIpIOBaHHS TBEPAOCTiI i KOSPUUTHUBHOI CHIIN

Haiibinbme 3naueHHst KoepuuTHBHOI cun He = 1,9 KA/M y cTani micis rapTyBaHHs, sIKa Ma€e

MakcuManbHy TBepaicth S60HBW, Haiimenmre — y crami micns Biamany He = 0,3 kA/M, sika Mae MiHi-
ManbHy TBepaicts 143HBW.

Tabmums 1 - Pexxumu repmigaoi 06poOku cTai 45

OXOJIOJKEHHSI Y BoJIi. Bucokuii Bianyck:
HarpiB g0 600 °C, BUTpHMKa MPOTITOM
60 XB, 0XO0JIOJDKEHHSI Ha TOBITPI

No Pesxxumu TepmiuHOT 00pOOKH Mixkpoct- | Tsepaicte, | Tsep- Koepuu-
pe- pPYKTypa HR JUCTh, THUBHA
KH- HBW cua,
My KA/M
1 Binnan: warpis mo remneparypu 850 °C, | ®epur+ 80HRB 143 0,3
BUTPUMKa mpoTaroM 60 XB, 0X0joxa- | HEpiiT
YKEHHS 3 TYYI0
2 Hopwmanizanist: HarpiB 10 temmeparypu | Depurt 90HRB 185 0,5
850 °C, BuTpuMKa mpotaroM 60 xB, | IEpiiT
OXOJIO/PKEHHS Ha MOBITPi
3 lapTyBaHHS: HArpiB 10 TEMIIEPATYPH Mapren- S5HRC 560 19
850 °C, ButpumMKa mpotsirom 15 xs, cuT
OXOJIOJPKEHHS y BOJII
4 lapryBaHHs: HarpiB 10 Ttemrmeparypu | Mapren- 54HRC 543 1,6
850 °C, BMTpMMKa NpoTsaroM 15 XB, | CHT BiA-
OXOIIO/KEHHSI Y BoJli. HU3bKMIA BiTycK: nycKy
HarpiB g0 200 °C, BUTpHMKa MPOTITOM
60XB, OXOJIO/DKEHHSI Ha TIOBITP1
5 lapryBanHs: HarpiB 10 Temmeparypu | TpoocTur 42HRC 390 13
850 °C, BHTpEMKa TpoTAroM 15 XB, | BIAIYCKY
oxonomkeHHss y Bomi. CepemHiii Bin-
nyck: HarpiB 70 350 °C, BuTpuMKa npo-
TsiroM 60 XB, OXOJIOJDKCHHS Ha MOBITPI
6 TapryBauns: Harpis g0 temmeparypu | CopOit 26HRC 258 0,9
850 °C, BuTpHMKa TpoTaroM 15 xB, | BIAIYCKY

MaxkcuMalbHe 3HaYeHHS KOCpL[I/ITI/IBHO'l' (0270105 0% cTaml micis rapTyBaHHS IOSCHIOETLCA THUM,

IO B CTPYKTYpi HalOiIbIIa KiJBKICTh (hepOMarHiTHOTO 3aii3a (CTpYKTypa MapTEHCHT — NepeCHueHUI
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TBEPIUH po3unH ByIJelo B a-Fe, skuii Mae (pepoMardiTHi BIaCTUBOCTI), AeeKTiB KpUCTATIUHOI Oy-
JIOBU (AMCIIOKAMiil), MAKCUMaJIbHUN PiBeHb BHYTPILIHIX HampykeHb. Lli 0cobaMBOCTI CTPYKTYpH Ta-
JBMYIOTh 3CYB IOMEHHHUX I'paHulb. HaliMeHIe 3HaueHHS KOSPLUUTUBHOI CHIIN HiCTIsl BiAIIALY MOSICHIO-
€THCSI TUM, IO y M€l CTalli MiHIMaJIbHA KUTBKICTh Me(eKTiB KpUCTATIYHOI Oya0BH, (hepOMarHiTHOTO
3aiiza ((azoBuii ckinan — pepuT+ueMeHTUT, Peput Mae pepoMarHiTHI BIACTUBOCTI, a IEMEHTHT — JIy-
JKe cimabki (hepoMarHiTHI BIACTHBOCTI), HAWMEHIINN PiBeHb BHYTPIIIHIX HAIPYKEeHb, KPYITHE 3€PHO.
Lle moseruiye 3cyB TOMEHHHUX IPaHULb 1 PO3MarHiuyBaHHS 3pa3Ka.

Cranp 45 micist HopMamizauii Mae TBepAicts 185HB, a micist rapTyBaHHS 1 BUCOKOTO BiJmyc-
Ky - 258HB. Ilpu po3xomkeHHsx y TBepaocTi B 1,4 pa3u BemuUMHA KOSPUUTHBHOI CHIIM LIUX 3pa3KiB
Bifpi3HseThCA B 1,8 pasu — micng Hopmamizanii He= 0,5 kA/mM, miciis rapTyBaHHS 1 BACOKOTO BiITycKa
— H. = 0,9 kA/M. Lle cBimunuTh mpo Te, MO KOSPLUTUBHA CUIIA Ty’Ke YyTiuBa 10 ¢opMu KapOimis: ii
BEJIMYHMHA Y CTaJi 3 KPYNHUMHU KapOigamu 3epHUCTOl GopMH (CTPYKTypa copOiTy micis rapTyBaHHA i
BHCOKOTO BiJIIIYCKY) BHUIIE, HIXK y cTaji 3 KapOimaMu mactTuH4Yatoi Gpopmu (pepuro-mepiiTHa CTPyK-
Typa Micis HopMadizaiii).

I3 30inbLICHHSM TeMIIEpaTypHy BiIIyCKy CTali KOSPUUTHBHA CHJIA 3MEHIIY€ETHCS, 0 MOSCHIO-
€THCSI 3HWKEHHSM PiBHS BHYTPINIHIX HANPYyKEeHb, 3MEHIICHHSAM KiTbKOCTI Ae(peKTiB KpucTaaiaHoi Oy-
JTOBH Ta 301IBIIEHHSIM PO3MipiB KapOiTHUX BKIIFOUEHb.

Ha BenmuumMHYy KOSPIUTUBHOI CHIIM BILUTUBAE HE TUIBKU (PopMa, aje i po3mip KapOiTHUX BKIIHO-
yeHb. CopOIT Bi TPOOCTUTY BIPi3HAETHCA po3MipaMu KapOimHWX BKIO4YeHb. KapOimHi BKITOUEHHS
copOiTy MaroTh ORI PO3MIpPH, HIXK y TPOOCTHUTY. | BIAMOBITHO KOSPIIUTHBHA CHJIA y CTaji i3 CTPYK-
Typoto copOiry (H. = 0,9 kA/M) MeHIIa, HIX 13 CTPYKTYporo TpoocTuty (H. = 1,3 kA/M). Unm HIKYe
TeMIeparypa BiAIlycKy, TeM MEHII1 po3MipH KapOiTHUX BKIOUeHb. UnM Oyl po3mipu kapOiniB 10
pO3MIpiB OMEHIB, TUM Oinblle 3a0€3MeuyeThCsl 3a4eIIeHHS JOMEHHUX TpaHUIlh 32 craboMarHiTHI
BKITIIOUEHHS KapOinHoi ¢a3u 3rimHo Teopii Kapcrena. To6To y 30iiblICHHI BEIMYUHN KOSPIUTHBHOT
CWJIM OCHOBHY pOJIb TPalOTh HE caMi CJabOMarHiTHI BKJIIOUEHHS LEMEHTHTY, a iX 3JIaTHICTb
TalbMyBaTH 3MIIIEHHS JOMEHHHX CTIHOK 1 THM CaMHM TEpPeNIKO/DKATH PO3MarHiqyBaHHIO
¢epomarniTHOro Marepiamy. Takum 9rHOM, 301ITBIIIEHHST TEMITEPATYPH BilITyCKY MPU3BOAUTH 10 3HU-
JKEHHS TBEPAOCTI 1 BiJIMOBITHO KOSPIIUTUBHOT CHJIH.

3aseXHOCTI TBEPIOCTI 1 KOSPIUTUBHOI CHIIM BiJl TEMIIEPATypH BiJlITyCKy MAalOTh OJHAKOBHIA
XapakTep — i3 301IbIICHHSAM TeMIIEPaTypH BIJIYCKY i TBEPAICTh 1 KOSPUUTHBHA CHJIa 3MEHIIYIOTHCS

(puc. 2).

HBW He kKA/M 4

500 [~ P~
400 - :

300 - \J .
200 | o I 0 L 1 1
0 200 400 600 t,°C 0 200 400 600 t.°C

a o

Puc. 2. 3anexHicTh KOSPIUTUBHOT CHIIM BiJl TBEPAOCTI 3pa3KiB i3 crami 45 micius
rapTyBaHHS 1 BIIITYCKY

Le no3BoIsiE 3pOOUTH BUCHOBOK PO MOXKIIMBICTH 3aMiHU MIPU MPOBEICHHI KOHTPOJILHOI OTie-
patii SIKOCTI TepMiuHOi OOpPOOKH - TBEPIOCTI HA KOEPIUTHUBHY cuiry. KpiM Toro, mpu BHMiprOBaHHI
TBEPJOCTI BU3HAYAIOTh BIACTHBOCTI TIILKM TIOBEPXHEBOTO LIAPY JA€Talli, a KOSPIUTUBHA CHJIA YyTIHNBa
JI0 BIIACTHBOCTEW BChOTO 00'€MY.
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[Micns npoBeneHHs BUMPOOYBaHb, BAKOPHCTOBYIOUH 3aJIC)KHOCTI KOSPIIUTUBHOI CHITH BiJI TBe-
paocTi (puc. 3), MarHITHHN aHaNI3aTOp HAIAIITOBYIOTh HA aBTOMATHYHWH Tepekiaa 3HadeHb H. B
3HaYeHHS TEXHOJIOTIYHOTO TapaMeTpy — TBepaocTi. [licis mporo mpunag Moxe OyTH BHKOPUCTaHUN
JUIST KOHTPOJTIO TBEPAOCTI JIeTane oaHakoBoi (hopMH 1 po3MipiB, sIKi 3po0IIeHI 3 OMHIET 1 Ti€l X cTali,
32 3HAYCHHSIMH KOSPIIUTUBHOI CHJIM B aBTOMATUYHOMY PEIKUMI.

He. KA'M

200 300 400 500 HBW

Puc. 3. 3anexxHicTh KOSPIMTUBHOI CHIIH BiJ TBEPAOCTI CTali 45 micis
rapTyBaHHSA 1 BiAITyCKY

[TpoBexeHi IoCHiKEHHS JO3BOJIMIN BCTAHOBUTH (DAaKTOPH, IO BILIMBAIOTH Ha KOCPIUTHBHY
cuty: ¢a3oBUH CKJIajJ, po3MipH 3epeH, ¢popMma i po3Mipu KapOigHHX BKIIOUEHb, PiBEHb BHYTPINIHIX
HaTPY>KeHb, KITBKICTh Ae(eKTiB KpUCTaIigyHOi OyqoBH cTami. ToMy 1 XapakTeprcTHKa MOXKE BHUKO-
PHUCTOBYBATHCS JJIsI HEPYHHIBHOTO KOHTPOIO CTPYKTYpPH 1 BIACTHBOCTEH CTaJCBHUX JeTaliell MalluH
TiCIIsl pi3HUX BUJIIB TEPMIYHOI 0OPOOKH.

BucHoBku

1. Ha ocHOBI mpoBeieHHUX TOCIIKEeHb 010 BCTAHOBIICHO, 10 KOSPIIUTHBHA CHJIA Yy TJINBA J10
BCIX 3MiH B CKJIQJi 1 CTPYKTYpi CTaJeBUX AeTalel 1 ToMy Moke OyTH BHUKOPHCTAaHA IS KOHTPOJIO
SKOCTI TepMi4HOi 0OPOOKH.

2. MiX KOEPIUTUBHOIO CHJIOK 1 TBEPAICTIO OyJia BCTAHOBJICHA 3aJIC)KHICTh, HA OCHOBI SIKOi
MarHiTHUI aHaji3aTop OyB HAcTpPOEHHH HAa aBTOMATHYHUI NepeKIia]l 3HaueHb H. B 3HAYCHHS TEXHO-
JIOTIYHOTO TIapaMeTpy — TBEPJIOCTI.

3. Li pe3ynbTaTtu, Oyay4du CHCTEMATH30BaHI, y3arajibHEeHi i IOTIOBHEHI, MOXYTh JIATTH B OCHO-
BY PO3pPOOKH METOJWKH HEPYHHIBHOTO €KCHPEC-KOHTPOJIO SKOCTI MPOMYKIIii, 10 BUITYCKAETHCS HA
MaIIMHOOY/IiBHUX Ta METANyPrilHUX 3aBO/IaX.
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VJIK 669.715
JIA®Y3INHE 3BAPIOBAHHSI Y BAKYYMI PI3BHOPIJIHUX MATEPIAJIIB

Mamuyp 1.0.%%, acmipanT
JHY im. Ouecs 'onuapa

Anomauia. Obparo mexnonoziio 3’ €OHAHHS PI3HOPIOHUX MAMEPIALi6 MUMAH-NIAAMUHA 3d OONOMO20I0
oughysitinozo 36aprosanns y eaxyymi. Ilpoananizoeano diacpamy cmany Ti-Pt ma euznaueHo OCHOGHI
Munu 63a€mMo0ii KOMNOHEHmMig. BCmaHo8neHo, wo YMeEopeHHs 36apHo20 3 €OHAHMS 3a PAXYHOK POCIY
Oughy3itinoi’ 30HU 8 NAAMUHI | MUMAH] WISAXOM ROCTO08HO20 3POCMAHHA IHMEPMemMAaniOHux wapie
TisPt, TiPt, TiPts, a makooic 30n meepoux poszuunie. Ha 6ucomoeienux 3paskax 6ueueHo MiKpo-
cmpyKmypy 3 €OHAHHA RAAMUHA-MUNAN Ma NPOo8edeHi BUMIpIOBanis Mikpomeepoocmi. Lle do3gonuno
NPUOIU3HO BUSHAUUMU 3d2AlbHY WUPUHY nepexionozo ciot. Ha ochosi nposedenux oOocnioxcems
B6CMAHOBUNU IMOGIpHULL ¢hazosull ckaad Ou@ysitHoi 30HuU. [l YMOUHEHHs Npo8oOuUNdch iOeHmu-
Gixayis ¢asz na ougppaxmomempi J[POH 1.5. Busuenms inmencugHoCmi MaKxcuMymie peHmeeHocpamu
ma po3paxyHox ioenmugikayii 1iHiti 00360116 6CIMAHOBUMU HAABHICMb IHMepMemanioie ma ix cymiuti
3 MePOUMU POZUUHAMU.

Knrouoei cnoea: ougysiiina 30na, inmepmemanio, Mexamiuti 61aCMUEOCMI, MUMAH, NAAMUHA, 36APHE
3’ €OHaHHs.

VACUUM DIFFUSION WELDING OF DIFFERENT MATERIALS

Mamchur 1.0., postgraduate
DNU named after Oles’ Ghonchar

Annotation. The technology of joining heterogeneous titanium-platinum materials using diffusion
welding in a vacuum was chosen. The state diagram of Ti-Pt was analyzed and the main types of in-
teraction of the components were determined. It was established that the formation of the welded joint
is due to the growth of the diffusion zone in platinum and titanium through the sequential growth of
intermetallic layers Ti3Pt, TiPt, TiPt3, as well as zones of solid solutions. The micro-structure of the
platinum-titanium connection was studied on the manufactured samples and microhardness measure-
ments were carried out. This made it possible to approximately determine the total width of the transi-
tion layer. On the basis of the conducted studies, the probable phase composition of the diffusion zone
was established.On the basis of the conducted studies, the probable phase composition of the diffusion
zone was established. For clarification, the phases were identified on a DRON 1.5 diffractometer.
Studying the intensity of X-ray diffraction peaks and calculating the identification of lines made it pos-
sible to establish the presence of intermetallics and their mixtures with solid solutions.

Key words: diffusion zone, intermetallic, mechanical properties, titanium, platinum, welded joint.

Beryn

CyuacHi TexHOJIOTii TOTpeOyIOTh BUKOPUCTAHHS HOBUX TEPCIIEKTUBHUX MaTepialliB, TEXHO-
yorii X OTpUMaHHS Ta TEXHOJIOTil BUTOTOBJICHHA AeTasledl 1 KOHCTpYKUid. [lepcrieKTHBHUM HampsiM-
KOM € BHKOPHCTaHHS TEXHOJIOTIH OTpUMaHHS HEpPOo3 €MHUX 3’€lHAHb NDIIXOM 3BaprOBaHHS.
SIKIIo0 KOHCTPYKIIS nepeadadye 3’€JHaHHS PIZHOPIMHUX MaTepialiB, sIKi YTBOPIOIOTH IHTEpPMETAIIHI
¢a3u, BUHUKAIOTh MEBHI YCKIaJHEeHHs. [HTepMmeTaniau, ki po3TamoBaHi O0e3nepepBHIM JIAHIIOTOM €
¢azor0, 3a KO0 3IilCHIOETbCA pyiHyBanHsA [1,2]. Tomy pi3HOpimHI Marepianu TOTPeOYIOTh
3’€IHAHHS Y TBepAid (a3l 3a JOMOMOroK METO/IiB 3BapIOBaHHS TEPTIM, BHOYXoM, audy3iiiHoTro 3Ba-

19 Min kepisunuTBOM HaykoBOTO KepiBHuKa npod., A.1.H. CaHiH A.D.
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pIOBaHHS Y BaKkyyMi. Peryiroroun mapameTpy 3BapioBaHHS, MOXKHA KOHTPOJIOBATH (ha30BHH CKIal Ta
mUpUHY AUQY3iiHHOT 30HU.

AHani3 myOJsikanii

Hudysiiine 3BaproBaHHS Y BaKyyMi BHECJIO CYTT€BI 3MiHH B PO3BUTOK HAayKH 1 T€XHIKH, J103-
BOJISIIOYM 3'€THYBATH JAETaNi 1 By3JIM 3 OJHOPIAHUX 1 PI3HOPIZHMX METaJiB, a TAKOXK METaliB Ta ix
CIUTaBiB 3 HEMeTaJIaMH IpH 3a0e3MedeHHi KOMIUIEKCY BIIaCTUBOCTEH, SIKI HE MOXKHA OTPUMATH 1HITUMH
croco6aMu 3BapIOBaHHS: TIAKHM, CKIICIOBAHHAM 1 MEXaHIYHUM KPITUIEHHAM. ABTOPOM HOBOTO CIIOCOOY
3’€IHaHHS MaTepiaiiB y TBepuid ¢asi 0yB mpodecop H.®. Kazakos. 3a yac, 1110 MUHYB TICJIS OTpH-
MaHHS IIHM CIIOCOOOM IIepIIOTO 3BApHOTO 3'€MHAHHS, B YKpaiHi i 3a KOPJOHOM BHKOHAHA BEJIMKA
KUTBKICTh HAYKOBO-AOCTIIHUX POOIT TEOPETUYHOTO 1 MPUKIATHOTO XapakTepy 3 audysiitHoro 3'eHa-
HHsI PI3HOPITHUX MaTepiaiB.

Merta i nocTaHoOBKa 3aBJIaHHA

BceranoBuTtn BIUIMB mapameTpiB AuQy3iHHOrO 3BaplOBaHHS y BakKyyMi Ha ()a30yTBOPEHHS
nmugy3iiHOT 30HH Ta SKICTh 3BAPHOTO 3’ €THAHHS PI3HOPITHUX MaTepialiB TUTaHA i TUTATHHHU.

OcHoBHMI MaTepiaJ T0CTiKeHb

MarepianaoM IOCITiIKEHHS € METaNY IUIATHHA 1 TUTaH, 3’ €JHaHl AUQY31HHIM 3BapIOBAHHIM Y
BaKkyyMi 3a pi3HHX MapaMeTpiB. AHaJi3 AiarpamMu IUIaTHHA-TUTAH J03BOJISIE BCTAHOBHUTH IO TUIATHHA
Ma€ May pO34MHHICTh y O-THTaHi 1 3HA4HO O1NTbII 0OMEXKEHY PO3YHHHICTD Y [3-THTaHi, a TAKOXK yTBO-
proroteest 3 tunu inTepmeramigis: TisPt, TiPt, TiPts [5,6]. 3BaproBaHHs MPOBOAWIN Ha KOHCTPYKIIiI,
SKa CKIANa€eThcs 3 TUTAHOBOTO 3pa3ka 10x10x10MM 3 miaTMHOBOIO (ONBrOI0 TOBIIMHOK SOMKM 3a
HactynauMmH pexxumamu T = 1138K, P = 6,37 MIla, t = 900, 1800, 2700c. [Ticis 3BaproBaHHS BUIO-
TOBJISUIMCH 3pa3Ky B MEPETUHI HONEPEYHOMY HOBEPXHi 3BaproBaHHs. Jlani BUKOPHCTOBYBAIHN TEIJIOBE
TpaBIIeHHS MmiJ 4yac moinipyBaHHS. Ha puc. 1 HaBemeHa MiKpOCTPYKTypa 3’€THAHHS 3 BiIOWTKaMu
MIiKpPOTBEPAOCTi, OTpUMaHUMU Ha MikpoTBepaomipi [IMT-3 i HaBanTaxkenHi 50 r.

Puc. 1. Indysiitna 30Ha 3’€qHaHHS TUTaH-TIaTHHA, X500

Jis OimbIn AE€TANBHOTO JOCTIKEHHS TOHKOI OymOBU MuQY3iiHOI 30HH BHUKOPHUCTOBYBAIIN
pacTpoBuii enekTpoHHHI Mikpockon ISM-35 (puc.2).

Puc. 2. ludysiiina 3ona 3’ ennanns miatuHa-TuTaH (Ts = 1138K, Py, = 6.37 Mlla, T = 2700c, x4000)

AHaJmi3 3MiHH MIKPOTBEPJOCTI BiJ] YACTOrO TUTAHA JO YKMCTOI IJIATMHU IOKAa3aB HasBHICTh
mupokoi obsacti audysiHoi B3aemomii (460MkM). Bu3Hauwmmu, M0 3HAYSHHS MIKPOTBEPIOCTI
BIJMOBIAAI0TH iHTEpMeTaigaM (upuHa ciioro 80MKM), sIKi po3TaioBaHi OiJis MOBEPXHi 3BapIOBAHHSI.
Takox 3HaYSHHS MIKpOTBEPJIOCTI Ta aHAI3 JiarpaMu JI03BOJIIN TPUITYCTUTH HASBHICTH IAPiB TBEP-
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mux po3umHiB. s imenTudikarii ga3zoBoro cximamy nudy3iiHOT 30HH MPOBOIMIA JOCTIHKCHHS Ha
mudpakrometpi JIPOH-1.5. [HTeHCHBHICTD MAaKCHUMYyMIB PEHTTEHOTPAMH MTPOTOPIIiitHA KUTBKOCTI (a3 i
MPEJICTABJISIETHCS OAHIE0 200 JBOMA HAWOUIBI IHTCHCUBHUMH JIHISIMU, K1 OyJIM MONEPEIHBO 3aIlu-
caHi ISl IUIATHHM 1 TUTAHY.

Haii6inpimn iHTeHCHBHI BimOOpakeHHS A JaHUX yMOB TOTPAIUISIOTH Y Jiala3oH KYTiB
20°-65°. TouHicTh BU3HAYCHHS MEPiOAiB ineHTUYHOCTI ckinanae Oins 0.002A. [locnimkeHHS IPOBOIU-
JIUCh HAa CKOIICHUX NUTihax BiJ IJIATHHU 3 MOCTYIIOBUM 3HSATTSM ITiJ{ HCBEJTUKUM KYTOM JIO TOBEPXHI
TUTaHy. 3pa3ku BCcTaHOBIOBaNM Ha nudpaktomerpi JJPOH-1.5, Takum grHOM, 11100 BATTPOMIHIOBaHHS
MaJajio Ha TIOBEPXHIO 3pa3Ka, depe3 sIKy MPOXOJIUTh Bich 00epTaHHS 3pa3Ka 1 JiumiIbHuKa. MeTta 10-
CITiDKEHHS — POBECTH 11eHTH(iKALliII0 PEYOBUHH B CyMillli 32 HA0OPOM HOTro MIKIUIOIIMHHUX BiJICTa-
Hell 1 BiIHOCHO! IHTEHCHBHOCTI BIATIOBITHUX JNiHIA Ha peHTre-Horpami. Ilicims po3paxyHKy imeHTH-
¢ikamito JiHIM MTPOBOAMIN 3a MOBIMHWKOM. 3a pe3ylbTaTaMH JOCTI/DKEHb BHSBIICHI 1HTepMeETaliau
TisPt, TiPt, TiPts Ta ix cymimi 3 TBepaumu po3uuHamu [7]. TakuM 4MHOM MPOBEICHI AOCIIHKECHHS
JTIO3BOJIMJIM BCTAHOBUTH (ha30BHIA CKIIA] JU(PY31HHOT 30HU.

BucnoBku

OOpaHO TEXHONOTiIO 3’€MHAHHS PI3HOPIMHUX MaTepialliB TUTaH 1 MIATHHA — AUQY3iifHE 3Ba-
pIOBaHHS Y BaKyyMi; BUTOTOBJICHI MIKpONILTI(H I MIKPOCTPYKTYpPOTO JOCIIKEHHS; TPOaHaIi30Ba-
HO B3a€MOJII0 TUTaHa i TUIATHHU 3a Jiarpamol0 CTaHy; MpOBelleHI BUMIPIOBaHHS MIKPOTBEPAOCTI Ha
BUTOTOBJICHUX 3pa3Kkax; MpoBeAeHi gochimkenHs Ha audpakromerpi JPOH-1.5; npoBenena ineHTH-
¢ikamig das3. MikpocTpykTypa sika oTpuMaHna 3a gornomororo PEM ISM-35 cBiguuThs nipo HasiBHICTH
TpboX ANQY31HHUX MpOILIApKiB. AHAI3 AiarpaMH CTaHy IJIaTWHA-TUTAH Ta BAMIPIOBaHHS MiKpOTBEp-
JOCTI JO3BOJIUB BCTAHOBUTH MIMPHHY An(y3iitHOT 30HM 460MKM, HasIBHICTH iHTEpMETANIIiB (IIMPHHA
cioro 80 MKM) Ta TpOIIAPKiB TBEpAMX po3uuHiB. OTpuMaHi AaHi CBiIYaTh MPO HASABHICTH iHTEpMe-
tamigiB Ti3Pt, TiPt, TiPt3 i TBepaux po3unHiB. BusHaueHHs (a3zoBOro Ckiiaay 3BapHOi 30HU HA JU-
¢pakrometpi JJPOH-1.5 no3Bonuio imeHTH}iIKYBaTH HAABHICTH iIHTEPMETANIIIB, a TAKOXK IX cymilIi 3
TBEPAUMHU po3urHaMU. JlaHi OTpUMaHi 3a TOTIOMOTOI0 HABEACHUX METOIIB OCITIKEHHS JO3BOJSIOTh
KOHTPOITIOBATH 3pOCTaHHS (pOHTATBHUX (Pa30BUX cIOiB 1 (a30yTBOPEHHS, IO BILTUBAE HA SAKICThH
JUQy31HHOTO 3’ €THAHHSI.
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DEVELOPMENT OF ZnSxSel-x NANOCRYSTALS WITH IMPROVED PHYSICAL
AND OPTICAL PROPERTIES OBTAINED BY THE COMBUSTION SYNTHESIS
METHOD
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V.M.Volchuk?, Doct., professor
'Prydniprovska State Academy of Civil Engineering and Architecture
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Abstract. All compounds of ZnS,Se1.x nanocrystals were created by combustion synthesis method. The
obtained samples were discovered to have diameters of 55 + 5 nm and to have a heterogeneous crys-
talline structure. The fraction of the cubic phase grew in the appropriate ratios as the x value in-
creased, but the fraction of the hexagonal phase in nanocrystals declined from 65 = 5% to 30 + 5%.
According to XRD data, Mn?* impurity ions are not mixed in the immediate environment despite the
creation of ZnS,Se1« solid solutions. The Mn?* ions were surrounded by sulfur ions at a value of 0.2 <
x < I and selenium ions were at a value of x <0.2.

Keywords: ZnSxSel-x nanocrystals, combustion synthesis, X-ray diffraction analysis, crystal
structure, EPR spectra.

Introduction

Due to their unigque physical characteristics, ZnSxSeix solid solutions stand out among semi-
conductor compounds of the A;Bs type. Such materials, which have an energy bandgap in the range of
2.7-3.7 eV depending on the value of x, can be used to create short-wave radiation photosensitive de-
vices, light-emitting diodes, and lasers in the blue spectral band [1]. The widespread utilization of
A;:Bs type nanocrystals (NC) chemicals in different optoelectronic-radiating structures has recently
drawn more attention to these substances. As a result, high-performance technologies are being devel-
oped to produce NC with predictable and regulated qualities.

In comparison to other techniques, the combustion synthesis (CS) (self-propagating high-
temperature synthesis) has a number of benefits for producing NC of the A;Bs type. This approach
stands out for its high rate of NC production, ability to generate huge quantities, low cost and energy
consumption per unit, simplicity of the used equipment, and environmental friendliness [2]. By using a
straightforward high-temperature reaction of a fine powder mixture of Zn, S, and Se, the CS approach
enables the production of doped NC during the synthesis by adding the appropriate doping materials to
the charge.

Analysis of publications

It should be mentioned that prior CS results were obtained for ZnS NC, ZnS:Mn, and ZnSe
polycrystals [3,4]. However, according to our sources, this approach has not yet been used to synthesis
ZnS,Se1x and ZnSySe1x:Mn NC. The features of ZnS,Sei1.x and ZnSxSeix:Mn NC obtained by the CS
method, as well as the research findings of their crystal frameworks and EPR spectra, are examined in
this paper.

Results and discussion

In a quartz ampoule positioned inside a sealed steel reactor, solid solutions of ZnS,Se;.x and
ZnS,Se1x:Mn were synthesized. Zn, S, and Se powders that had been physically combined and placed
into the ampoule in the proper ratios. Ethyl alcohol was added to the charge prior to premixing in or-
der to facilitate better mixing. The x, parameter describes the S to Se ratio in the charge. After the
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mixture had dried, a thermal impulse from the nickel-chromium coil in the reactor's upper section was
used to start the synthesis reaction. Atmospheric pressure in the air was used for the synthesis. The x
parameter, which was later shown to differ from the x, parameter, was responsible for determining the
S and Se ratio in the resulting ZnS,Se1.x NC. The MnCl; salt was added to the ZnSxSe1x NC in order to
dope it with Mn?* ions, 102 weight percent of the initial charge.

Utilizing Co-K radiation, XRD examination of the produced NC was carried out on a DRON-
2 diffractometer. Utilizing the Radiopan SE/X-2543 radiospectrometer, the EPR spectrum was inves-
tigated. Using a REMMA-102-02 scanning electron microscope, the images of the nanoparticles were
captured.

The shape of the powder made up of the ZnSxSe1.x NC crystals produced by CS According to
the XRD results, this powder was made up of polycrystals with a heterogeneous crystal framework
that ranged in size from 1 to 5 um and contained NC. The Scherrer method was used to measure their
diameters, which were within 55 = 5 nm. The ZnS«Se1x NC's minimum and maximum dimensions
were unique to the compound with an x value of 0.2 and 1, respectively.

The proportion of the hexagonal phase in the ZnS NC was ~ (65 £ 5)%, the cubic phase ~
(35 £ 5)%, the ZnSgsSeo, NC (60 + 5)% and (40 + 5)%, the ZnSpsSeo2 NC (50 + 5)% and (50 £ 5)%,
and the ZnSe NC (30 £ 5)% and (70 £ 5)%. As a result, the proportion of the cubic phase in the ZnSy.
Seix NC rose as the x parameter decreased. It is notable that a significant portion of the hexagonal
phase, which is not unique to ZnSe bulk crystals, was found in the ZnSe NC. The ZnSxSei« solid solu-
tion's cubic phase's NC crystal lattice parameters ranged from a = 5.386 (for x = 1) to a = 5.633 (for x
= 0). These values found determined to be less than the ZnS,Sei« solid solution single crystal lattice
parameters, which range from a = 5.4093 (for x = 1) to a = 5.6687 (for x = 0) [5]. This further demon-
strates the strain pressures unique to NC. The ZnS,Seix (Aa/a) NC crystal lattice has microdefor-
mations ranging from 5-10** to 2-10%. The compounds with x = 1 and x = 0.9 had the smallest degree
of microdeformations, whereas the compound with x = 0.2 had the largest. From 5-10%° to 1-10'2, the
dislocation densities were observed. Specific compounds with x = 1 and x = 0 had the lowest disloca-
tion density, and compounds with x = 0.1 and x = 0.2 had the highest dislocation density. The results
indicate that the compound with x = 0.2 undergoes a significant rearrangement of the ZnS\Se;x NC
crystal structure.

During the ZnS,Sei1.x NC's CS reactions at X, < 0.9, a sediment made of selenium oxides pre-
cipitated out on the reactor walls. This fact enables us to assume that the S and Se ratio in the charge
prepared for CS is determined by the X, parameter, not the x parameter in the ZnS,Seix NC. Using
Vegard's law—a linear modification of the crystal lattice parameters when the S and Se ratio is
changed—we were able to calculate the x parameter in the ZnSxSei1.x NC according to XRD data. This
law only applies to ZnS,Sei-x solid solution crystals. It was discovered as a result that the parameter x
considerably differs from the x, parameter in the synthesized ZnSxSei.x NC.

Up until the compound with x = 0, no more crystalline phases are seen in the produced solid
solutions, according to the XRD data. Only in the ZnSe NC did we find evidence of the Se,Os phase
traces, which makes sense given that NC is often synthesized in the atmosphere.

An analysis of the ZnS,Se1« NC of solid solutions EPR spectra revealed that all compounds
include a hyperfine structure made up of six evenly spaced lines peculiar to the Mn?* paramagnetic
centers, even in the NC undoped by manganese. These lines appeared to be doubled in the compound
where x = 1, indicating the overlap of two EPR spectra. One of them is a member of the Mn?* ions that
are found in a hexagonal local environment and has the hyperfine structural constant A = 7.15 mT.
Mn?* ions found in a cubic environment are linked to another spectrum with a hyperfine structure con-
stant A = 6.88 mT.

Conclusions
The results demonstrate that it is feasible to synthesize NC of ZnS,Se1.x mixed compounds us-

ing the CS approach, as well as to dope them with a manganese admixture during the synthesis. NC is
a mixed crystal framework in all substances. According to the EPR findings, the local environment of



165

the Mn?* ions is not mixed in the compounds with 0.2 < x < 1. Sulfur ions surround the Mn?* ions in
these NC. Selenium ions surround the Mn?* ions in compounds where x < 0.2.
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VJIK 621.791

BCTAHOBJIEHHAA 3AJIEZKHOCTI TBEPTOCTI 3A MAPTEHCOM BIJ
MIKPOCTPYKTYPU IIPU IHAEHTYBAHHI 3PA3KIB 3 BYI'JIEHEBOI
THCTPYMEHTAJIBHOI CTAJI Y12A%

€ropos H.O., ct. rp. MC 41-19, XHAY

Anomauia. Ilokasano, Ak OucnepcHicms MIKpOCmMpyKmypu 3paskie 3 gyeneyeeoi cmani Y124 eniusae
Ha 3HauenHss meepoocmi 3a Mapmencom npu indenmyeanni nipamiooio Beprxosuua. Bcmarnogneno
SHAYHUL pO3MIpHUU eexm, moOmo 3HAYeHH MBEPOOCHIi KOMCHO20 3PA3KY 3i 30i1bUleHHAM HABAH-
MAdCeHHs 3MeHuytomoca matixce y 1,7-2,2 pasu.

Knwuogi cnoea: MikpoCcTpyKTypa, MEpIIiT, LIEMEHTHUT, TBEPAICTh 32 MapTeHcoM, iHAEHTOP, Aiarpama
1HACHTYBaHHSA, PO3MIpHHIH €EeKT.

ESTABLISHING THE DEPENDENCE OF HARDNESS ACCORDING TO
MARTENS ON MICROSTRUCTURE WHEN INDENTING SAMPLES FROM
CARBON TOOL STEEL U12A

Yehorov N., st. of gr. MS 41-19, KhNAHU

Annotation. It is shown how the dispersion of the microstructure of samples made of carbon steel
U12A affects the Martens hardness value when indented by the Berkovich pyramid. A significant
indentation size effect was established, that is, the hardness values of each sample with an increase in
load are reduced by almost 1,7-2,2 times.

Keywords: microstructure, perlite, cementite, Martens hardness, indenter, indentation diagram, inden-
tation size effect.

Beryn

3apa3 € Benuka npolieMa y BCTAaHOBJICHHS 3aJIE)KHOCTI TBEPJOCTI METaliB 1 IX CIUIaBiB SK BiX
MIKpOCTPYKTYPH, TaK 1 Bil HaBaHTaXeHHs Ha injeHTop (indentation size effect). Ha npuxiani metoma
BUMIpIOBaHHS TBEPJAOCTI 3a mkanow MapreHca 3rigao 3 [SO 14577 [1] Hamu BctaHOBJIEeHa crpoba
BCTQHOBUTH IIIO 3aJISKHICTb.

3HauHNM (PaKTOpPOM, IO BIUIMBAE HA 3HAYEHHS PE3yJbTaTiB BUMIPIOBaHHS TBEPAOCTI BYTJIe-
1IeBO1 iHCTpyMeHTabHOI cTam Y12A, e sk po3mipuuii epekt, ToOTO indentation size effect, Tak i
BIUIMB PO3MIpy 3epHa CTPYKTYPHHX CKIIQJIOBHX MIKPOCTPYKTYPH.

[luTaHHIO BIUTMBY MIiKPOCTPYKTYPH Ta HaBaHTA)XCHHsS HA 3HAYCHHS TBEPJOCTI  BYIJIEIEBOI
IHCTpYMEHTaIBHOI cTalli Y 12A 3a MeToioM MapTteHca 1 IPUCBSIYEHE JaHe JOCIIHKCHHS.

Anauni3 myOJikauiii i MmeTra podoTn

B pobotax [1-2] HaBeJieHO, 110 HAHOLIBII TPOTPECHBHUM HA0OPOM MEXaHIYHHUX BJIACTUBOCTEH
METaJIeBUX MaTepiaiB € MixkHapogHui cranaapt ISO 14577, 1o SKOro BXOIUTh HACTYIHUI KOMIUIEKC
napameTpiB: TBepAicTs 3a Maprencom HM, tBepaicts 3a Maprencom HMs , TBepaicTh iHAEHTYBaHHS
Hit, Monynb mpyxHOCTI EiT , TOB3YYicTh NPH iHJAeHTYBaHHI C7 , penakcailisi mpy iHAEeHTyBaHHI Rt ,
pobota nipu iHaeHTyBaHHi [1]. OMHUM 13 HAHBaXKJIMBILIKX MTAPAMETPIB I[LOI0 KOMILIEKCY € MeToa Ma-

20 Po6oTa BUKOHAHA ITiJl KEPiBHULITBOM npodecopa Momenka B.1I.
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pTeHCa, AKii BpaxoBYe SK MPYKHY, TaK 1 INIACTUYHY CKJIAIOBI Y TBEPAOCTI. AJle IIPHU ITEOMY BaXKJIUBY
pOJIb Tpa€ AUCTIEPCHICTh 3epHA CTPYKTYPHUX CKJIAJIOBHX MeTairy abo CIIIaBy.

ABtopu [3] cBimuath, 1m0 po3MipHHA edeKT, TOOTO 3aleKHICTh TBEPIOCTI BiJ HABaHTaKEH-
HS IPUCYTHIHM TpW BUMIpIOBaHHI TBEPAOCTI OyAb SIKMX METaJIeBUX MarepiamiB. SK BiIOMO, pO3Mip-
HUl eexT 30UIbIIye a00 3MEHIIyE MOKa3HUKH TBEPIOCTI BiJl IEKIIbKA BiJICOTKIB 110 2-3 X pasiB.

B po6oTi [2] Takox moBeneHO, IO pO3MipHHiA eeKT OyBae mpsMUil a00 3BOPOTHIH.

O6’exToM focmikeHs Oynu craneBi Mipu TBepaocTi. Lo crocyeThest BIUIMBY HaBaHTaKEHHS
Ha 3HAUYEHHS TBEPJIOCTI CTAJICBHX 3pa3KiB - [1e MUTAHHA € aKTyaJbHUM JJIS1 CyJacCHOTO MaTepialo3HaB-
CTBa.

Mertoto naHoi poOOTH € JOCHIKEHHSI  XapaKTepy 3MiHU TBEPJOCTI 31 30UIbIICHHIM HaBaH-
TaXCHHSI Ha 1HACHTOP IS BYTJIEIIEBOI IHCTpYMEHTANBHOI cTaii Y 12A 3 pi3HOI0 MIKPOCTPYKTYpOIO.

Marepiajau i MeTOAU JOCTIIKEHHA

Jua nocnimkenns Oynu BigiOpaHi 3pa3ky, BATOTOBIEHI 3 Mip TBepaocTi. [lo3HaueHHs 3pa3KiB,
iX TBepIIiCTh Ta MIKPOCTPYKTYypa HaJaHO B TaOmwii 1.

Tabmuns 1 — 3HauenHs TBepAocTi 3a BikkepcoM cTaneBux 3pa3kiB B 3aJ€KHOCTI BiJl MiKpO-
CTPYKTYpH

3pazok TBepaicTh 3pa3Ky 3a BikkepcoM Ta Mapka craii MikpocTpyKTypa
Mipa 1. Mipa tBepmocti SO0HV10 (Y12A) IMepoit + 1IeMEHTHT
TBepocti HV 2. Mipa teeprocti 790HV10 (Y12A) (Hpiréi%“;gg;iﬁ;“ﬁ;

Teepaicts BumiproBanacek Ha npuiani NanoTest (Micro Materials Ltd.) YHikanbHICTB JaHOTO
MPUIaAY - TOPU3OHTAIBHE PO3TAITYBAaHHS IIMAHACIS 1 iHASHTOPA, IO JTO3BOJISE 3 OLIBIIOK TOYHICTIO
BM3HAYaTH TBEPHAICTh B MIKpO- i HaHoJiana3o0Hi. e moB’s3aH0 3 CHIIOI0 TSOKIHHS, KA i€ Ha JTOCIi-
JOKYBaHUH 3pa3oK MiJ] yac MPOBEACHHs BUMTPOOYBaHHSI.

PesyabTaTi gocaigxeHHs

3aJiexKHICTh TBEPIOCTI 32 MapTeHCOM BiJ] HABAHTA)XKCHHS HaBEJICHO Ha puC. 1.
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1 —3pazok 1 (mipa tBepaocti SO0HV10 (Y12A - mepnit + nieMeHTHT)); 2 — 3pa3ok 2 (Mipa TBepAOCTi
790HV10 (V12A - nepmit + neMeHTUT (ApiOHO II0OYISpHUIT))
Puc. 1. 3anexHicTb TBepIOCTi 32 MapTEeHCOM BiJl HABAHTAXXEHHS Ta MIKPOCTPYKTYPH
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3 pUCYHKY BHJIHO, ITI0 MPH ITiIBHUINECHHI HaBaHTaxeHH 10 0,2 H 3HaueHHs TBepmocTi 3a Map-
TeHCOM 3MeHInyeThesl B 1,7 pasa ( mipa tBepaocti SO0HV10 (Y12A - mepait + nemMeHTur), i B 2,2 pa-
3u g 3pa3ky 790HV 10 (V12A - mepnit + uemeHTUT (apidHO rnobynspuuit)). [lpu upoMy Oinbn api-
OHO-ZIUCIIEpCHA MIKPOCTPYKTYypa 3pa3ky 2, ToO0To craimi Y12A 3i CTPpYKTYpO TEpJiT Ta [EMEHTUT
IpiOHO TIOOYIApHUIA, 3HaUeHHS TBepIocTi 32 MapreHcoMm B 1,4 pa3u Buiie.

BucHoBku

1. IIpu mocmimKeHHi 3alIeKHOCTI TBepAOoCTi 32 MapTeHCcoM  3pa3KiB 3 BYTJIENEBOI iIHCTPYMEH-
TanbHOi cTanmi Y12A 3HauHO MpOsBISETHCS po3MipHUi edekT (indentation sizee ffect), ToOTO 3MeH-
IEHHS TBepAOoCTi 32 MaprerncoMm B 1,7-2,2 pa3u 31 301IbIICHHSAM HAaBaHTaXCHHS HA 1HACHTOP  BIT
0,007 no 0,2 H.

2. Ilpu nmociipKeHHI 3aJIeHOCTI TBEPAOCTI 32 MapTeHCOM Bifl MIKpOCTPYKTYpU 3pasKiB 3
BYTJICLIEBOI iIHCTPYMEHTAIBHOI cTali Y12A  BCTaHOBIEHO HACTYIHE: OUTBII APiIOHO-AMCIIEPCHA MIK-
pocTpyKTypa 3pa3ky 31 crami Y12A Hamae migBHIeHHS TBepaocTi 32 MapTeHcoM mpuOIU3HO B
1,4 pa3m.
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IMPROVING THE QUALITY OF WELDED JOINTS OF CAST IRON DURING
COLD WELDING?

Shpenovych V.V, student of group MC-31-20, KhNAHU

Annotation. The issue of using manual arc cold welding of cast iron with electrodes on Sv-08A wire
with an oxidizing coating containing oxidizers, slag-forming and stabilizing elements: marble, hemati-
te, quartz sand, chromium oxide, aluminum powder, mica and soda is considered.

Key words: cast iron, welding, oxidizing agents, hematite, coating.

INIABUINEHHSA AKOCTI 3BAPHUX 3'€1HAHb YABYHIB ITPU XOJIOJHOMY
3BAPIOBAHHI

InenvoBu4 B.B., crynent rpynu MC-31-20, XHAJLY

Anomauia. Po3zensnymo numants 3aCMocy8antsi pyuHoeo 0y208020 X0100H020 36aPIOBAHHS YABYHY
enexkmpooamu Ha Opomi Ce-08A 3 OKUCTIOBANLHUM ROKPUMMAM, WO MICHUMb OKUCTI08AY], WNAKO-
VMBOPIWYL i cmabinizyioui eleMenmu’. Mapmyp, 2emMamum, Keapyosuii NicoK, OKCUO Xpomy,
ATIOMIHIEGULL NOPOULOK, CH00Y i COOY.

Knrouoei cnoea: uasyn, 36aproeanns, OKUCI08ayl, 2emMamum, ROKPUMmisL.

Introduction

In iron castings different defects are detected at different processing stages. In addition, the re-
duced strength and high brittleness of grey irons in some cases lead to breakdowns during operation of
the parts made of them, which in turn leads to failure or downtime [1].

Welding processes are widely used to eliminate defects in cast iron castings and to repair
damaged parts.

State of the question

Noteworthy is the work carried out by P.S. Elistratov on the development of EMF type
electrodes on Sv-08 wire coated with oxidative form. Under conditions of high-temperature phase of
the welding arc carbon is the most active oxidizing agent. Oxidized carbon as CO gas is removed from
the welding bath. The large thickness of the coating and high values of welding current used at
welding by the electrodes of MES did not allow to establish optimal limits of electrode
manufacturability [1]

Purpose and mission statement
The purpose of this work was to create electrodes for cold welding of cast iron on the rods
from Cv-08A wire and coating containing oxygen-containing component - hematite, which differ from

the electrodes of the brand MES with improved welding and technological properties and high quality
of the molten metal by changing the slag and alloying coating system.

Research Materials and Methodology

21 PoGoTa BUKOHAHA IiJ KEPIBHULTBOM jaoleHTa barposa B.A.
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Metal electrodes for manual arc welding, manufactured by pressing method, were used for re-
search. Rods of electrodes were made of steel welding wire of Sv-08A grade according to GOST 2246
with diameter of 3 and 4 mm.

The electrodes were coated with sour look. Aluminium powder of PAP-1 grade according to
GOST 4135 was used as a weld metal deoxidizer. Hematite (Fe203) in accordance with GOST 4418
was used as an oxidizing component.

Coating weight factor of electrodes was 0.45...0.47 at coating thickness on the side of 0.8 mm
of electrodes with diameter of 3 mm, and 1 mm - electrodes with diameter of 4 mm. 5 versions of elec-
trodes were produced. For comparison, the EMF electrodes were manufactured.

Welding and surfacing of samples for testing hardness and chemical composition of weld met-
al and molten metal, as well as welding and technological properties of electrodes, in accordance with
the requirements of GOST 9466, were produced both on alternating and direct current of forward and
reverse polarity. Welding transformer TD-502.U3 and rectifier VDU-504 were used as power sources.
Current strength for 3 mm diameter electrodes was 100 ... 120 A, and for 4 mm diameter electrodes -
160 ... 180 A.

For manufacture of welded samples plates from cast iron of mark CY 21 according to GOST
1412 with thickness of 30 mm were used. Preparation of edges for welding of butt joints corresponded
to GOST 9466. Hardness of metal of a seam and the clad metal was measured on device TK-2 (on a
scale C), microhardness was measured on device TIMT-3, at loading 100 g. Samples for chemical
analysis of molten metal were taken from three upper layers of eight-layer cladding in accordance with
GOST 7122.

Results of the study and their discussion

The general character of the microstructure of the welded seams was estimated with the help
of the optical microscope MIM-8M on transverse microsections of 15x25x30 mm, etched in 5% nitric
acid alcohol solution.

The main task in the development of ZTM-Ch electrodes was the maximum removal of carbon
from the weld metal due to its oxidation with oxygen of the gas and slag phases of the arc.

To study the degree of carbon burnout from the weld metal the multilayer cladding with the
height of 20 mm by the studied electrodes on the mechanically processed plate surface from grey cast
iron of mark CY 21 was made and the chemical analysis of the weld metal by depth with the step of 1
mm from the top of the clad metal to the base metal was made.

The obtained results show that in the weld metal molten by the developed electrodes with in-
creasing distance from the base metal the carbon content in the weld metal decreases sharply and
reaches the minimum required values at the height of 6-7 mm. This corresponds to the second pass at
welding with 4 mm diameter electrodes. The content of Si, Mn alloying elements as well as P and S
harmful impurities is also reduced.

At welding by electrodes of mark SES the decrease in the content of carbon in weld metal is
less intensive and the level of carbon below 0,12 % is reached at height more than 10 mm that corre-
sponds to the third pass. The reduction is similar to that of other elements.

The results obtained confirm the assumption of a more complete decarburization of the weld
metal by the composition of ZTM-Ch electrodes coating, which makes it possible to conduct further
studies.

Graphically, the results of these studies are shown in Fig. 1.
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Fig. 1. Dependence of carbon content in metal on seam height

In order to study the effect of carbon content in the molten metal on the hardness, the depend-
ence of the hardness of the molten metal on the seam height was studied. Measurements were made on
three-layer cladding grinding in seven points with a pitch of 1 mm (Fig. 2).
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Fig. 2. Diagram of hardness measurement of molten metal

The results of hardness measurements are given in Table 1.

As can be seen from Table 1, the hardness of the molten metal decreases in the height of the
seam. Maximum weld metal hardness in the fusion zone (point #2).

As can be seen from Table 1, the hardness of the molten metal decreases in the height of the
seam. Maximum weld metal hardness in the fusion zone (point #2).

At electrodes ZTM-UCH hardness of metal in the fusion zone is much lower than at electrodes
of PSF that allows to mechanically process welded seams.

The study of macrostructure of welded samples at cladding from 1 to 5 layers (Fig. 3) showed
that the alloy line of cast iron-steel is smooth without obvious defects and discontinuities. The molten
metal in all samples is dense, without cracks and slips.
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Table 1 - Hardness of the molten metal, HRC

Electrode Numbers of points (from below up through 1 mm)
option
1 2 3 4 5 6 7
electrodes 18 55 48 46 42 35 20
PSF
electrodes 18 43 38 30 20 17 16
ztm-uch

A smooth transition from the base metal (grey cast iron CH 21) to the cladding is seen on the
undressed slate (Fig. 4). The amount of structurally free graphite gradually decreases as it is removed
from the base metal in full accordance with the degree of cast iron decarburization with oxygen of
coating.

The width of the thermal influence zone revealed after metallographic etching (Fig. 5) is
0.3-0.35 mm.

The structure of the basic metal is plate graphite, matrix is sorbite-like and thin-plate pearlite
with insignificant amount of ferrite.

Fig. 3. Macrostructure of Weld Joints

In the zone of thermal influence - troosto sorbitol and annealed graphite, Hu = 297-420
(HRC = 29-43). Cement and ledeburitis needles are also observed (needle hardness Hu = 742,
HRC 61).
The width of the section with the presence of needle structure is 0.1-0.2 mm.

Fig. 4. Melting zone of cast iron-steel, x100, not damaged
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Fig. 5. Microstructure of cast iron-steel melting zone, X450

The structure of the molten metal in the area immediately adjacent to the main one is a large
grain of troto-sorbit with a hardness of Hu = 420 (HRC = 43). Then troostosorbit Nu = 322-420
(HRC 32-43) with light areas of troosto-martensite Ny = 464 (HRC 46).

With removal - troostosorbit and small ferrite inclusions Ny = 254-350 (NRC 23-35).

Near the surface - a structure typical for cast low-carbon steel (Hu = 170-254).

The results of chemical analysis of three-layer surfacing of cast iron plates CY 21, made by
electrodes ZTM-UCH diameter of 4 mm at currents 140, 160 and 180 A in reverse polarity are pre-
sented in Fig. 6, 7.

As can be seen from the results of research with increasing current strength at welding at
straight and reverse polarity the degree of carburization of weld metal increases, which is explained by
an increase in melting of the main metal - cast iron. Depending on the number of welds, the carbon
content of the weld decreases, which is explained by dilution of metal of previous welds with molten
electrode metal. Similar dependencies are observed for Mn and Si.
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Fig. 6. Dependence of the carbon content in the weld metal on the current strength
at reverse polarity welding
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Fig.7. Dependence of carbon content in the weld metal on the current strength
at direct polarity welding

Conclusions

1. Electrodes for cold welding of cast iron on Cv-08A wire with oxidizing coating have been
developed.

2. The quality of the molten metal is high, without pores and cracks. Alloy line of steel-iron is
smooth, with gradual change of carbon content.

3) The hardness of the molten metal varies in height of the molten metal from HB 200 in the
upper layers to HRC up to 43 - near the alloy zone. In the thermal-influence zone, the hardness
increases to 61 NRC. The width of the cement-ledeburite zone is 0.1-0.2 mm.

4. With increasing current strength at welding at straight and reverse polarity the degree of
carburization of weld metal increases.

5. The technology of multilayer cold arc welding of cast iron parts and welding of defects in
castings is developed.

6. Introduction of the developed electrodes will allow to correct foundry defects in castings
and to restore the broken cast iron parts of various machines and mechanisms that will prolong their
service life.
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Annotation. The regularities of micro-shock fatigue destruction of annealed metal materials under
severe loading conditions are revealed. Based on the law of summation of damages and taking into
account the features of crack formation in dynamically deformed volumes of wear materials, a model
is obtained for erosion. The generalization of the obtained private model at the micro - macroscale
level of wear made it possible to obtain a universal power dependence suitable for assessing the dura-
bility of materials. The law of summation of damages for stepped loading is presented .

Key words: crack, wear, erosion, fatigue life.
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Anomauia. Bussneno 3aKoOHOMIPHOCME MIKPOYOAPHO2O 8MOMHO20 PYUHYBAHHS BIONANEHUX MEMANe8UX
Mamepianie y HCOpCmKUx ymogax uasammavicenns. Ha nidcmagi 3axomy niocymosyeamHs nouwkoo-
JHCEHb A 8PAXYBANHSL 0COOIUBOCEN YIMBOPEHHS MPIWUH Y OUHAMIYHO 0eOpMOBAHUX 06 ‘eMax ma-
mepiania, Wo 3HOUYIOMbCS, OMPUMAHA MOOenb 0/l epo3ii. Y3aeanbHeHHs OMPUMAHOT YaCcmKOBOI MO-
oeni Ha MIKPO-MAKPOMACWMAOHOMY PI8HI 3HOULYBAHHS 00360IUII0 OMPUMAMU YHIBEPCATIbHY CIMAMuY-
HY 3QJIeHCHICMb, RpUOamuy OJist OYIHKU 006208IuHOCmI Mamepianie. Hasedeno 3axon niocymosyeanHs
HOWKOOICEHD 01 CMYNIHYACINO20 HABAHMANCEHHSL.

Knrouoei cnosa: mpiwuna, 3HOULY8anHS, epo3is, 6MOMHA 008208IUHICIb.

Introduction

The destruction of the volume of material on the surface of the engine cylinder liner, subjected
to repeated dynamic loading by cumulative microjets , liquid drops or spherical shock waves, can be
schematically represented as follows (Figure 1).

The action of a single pressure pulse on the material surface leads to the formation of a dent,
on the periphery of which concentric isolated cracks of small depth appear. The occurrence of a crack
is associated with the presence of surface defects such as microcracks present in a thin surface layer of
the material before loading and the action of tensile stresses from Rayleigh waves. At the first stage,
compressive stresses predominate in the wave passage zone. Subsequently, a shear wave separates
from the contact region, and noticeable tensile stresses act at a considerable distance along the radius
in the deformed zone of the material.

At some depth 6from the surface, transverse cracks may occur. We can assume that the depth
of their location corresponds to the boundary of the plastic deformation zone 5. The cause of trans-
verse cracks is the so-called "internal reflections™, in particular, the reflection of an elastic unloading
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wave from a slower longitudinal elastoplastic wave. It is important to note that the elastic unloading
wave after reflection turns into a stretching wave.

Objects and methods of research

To study the fatigue life of wear materials, special samples of structural steel were modeled.
Special samples subjected to cyclic world shocks.

Research method

To determine the fatigue life of wear materials, a method was used to assess the destruction
from cyclic fatigue at the macroscopic level using the linear theory of damage accumulation.

Results and its discussion

According to the data of [1], on the surface of a crater, when metals are tested on MSW, coni-
cal depressions with a depth with a right angle at the top can appear hc = 0,1dk . The occurrence of
such depressions is associated with the action of the greatest shear stresses (Figure 1). It is also obvi-

ous that damage can occur in the bulk of the material under the contact patch as a result of the accu-
mulation of shear strains along with the detachment action of the reflected unloading waves.

i/
Hornyexm-
S,Cfa'»‘/a",&.fzc:
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TAPOLLUHSEL

1 — surface of the crater; 2 — concentric cracks;
3 — transverse cracks; 4 — conical recess in the center of the crater
Fig. 1. Scheme of the location of damage when exposed on the material of the liquid jet
(liquid droplets)

In some cases, the appearance and further development of radial cracks in the contact zone due
to erosive chipping of more brittle components of the microstructure, for example, carbide particles in
steels, cast irons, and other materials, cannot be ruled out in the contact zone.

Depending on the impact velocity and material properties, the initiation and development of
cracks from the initial size /o to the critical length /¢, sufficient for the subsequent formation of wear
products by chipping or tearing, can occur after a different number of external pulses.

From individual strong impacts in the material, apparently, cracks of critical length and ero-
sion products corresponding to them in size can immediately appear. The speed of such impacts will
be comparable to the critical speed 3., which is an important characteristic of the wear material.

If the destruction occurs after a significant number of impacts, i.e. If there is low- or high -
cycle surface fatigue, then the growth of a crack to a critical length can be considered as a result of the
interaction of stress waves with the tips of activated cracks. The curvature of surface cracks observed
in practice during their propagation deep into the material is a consequence of such an interaction. It is
important to note that a stress wave does not have to be tensile in order for a crack to grow. It was the-
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oretically and experimentally shown in [2] that the interaction of a compression wave with a crack tip
leads to the appearance of tensile stresses in the material in front of the crack and to a change in the
direction of its further growth.

From the point of view of linear fracture mechanics, it can be assumed that the resistance of
the material at impact velocities 3>9y, is related to the fracture toughness K | ¢ ; at 9< S and relative-

ly slow crack growth - with cyclic viscosity, namely: with the parameter K I';“” characterizing the con-
ditions of crack starting (activation) at the least constraint of plastic deformation, and with the parame-

ter Kgax corresponding to the limiting state of the material at KI o or KII ,or K depending

C mc'’
on the initial material structure and loading regime .

For predictive estimates of the erosion resistance of structural materials and coatings, it is nec-
essary to know the dependence of the critical number of microshocks , or the accumulation period of
damage accumulation by a thin surface layer, on the velocity (pressure) of a jet or liquid droplets and
the mechanical properties of wear materials.

An analysis of the kinetics of microshock fatigue fracture of annealed metallic materials under
severe loading conditions makes it possible to consider the following regularities as the most probable:

— occurrence during the accumulation period Tof an accumulating Plastically deformed layer with a
depth Sofincl. ;

— development of a specific microrelief on the surface in the form of ripples and separate cra-
ters of predominantly spherical shape;

— gradual destruction of the surface layer, the emergence and growth of concentric radial and
transverse microcracks comparable with the dimensions of the plastically deformed layer;

— formation of erosion products comparable with the sizes of radial and transverse cracks.

When evaluating the fatigue life of wear metals, the linear theory of damage accumulation is
used. A typical fatigue fracture diagram is shown in Figure 2. In this diagram o, the stress amplitude,
N is the number of cycles. We assume that the average cycle stress is zero and the stress amplitude
does not change during the test.

Number of cycles

The arrows show the transition from one load stage to another.
Fig. 2. Scheme of damage summation

In the amplitude range from coto o2, the fatigue curve | can be approximated by the function
(6—0 )”N:const 1)
0 1’

where: n and const ; are experimental constants of the tested material;
n, N and const 1 are random variables.
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Curve | corresponds to the destruction of samples from cyclic fatigue at the macroscopic level.
Curve Il characterizes the moment of appearance of various damages at different load levels.
The equation for this curve is:

(a—ao)“N = const 2)

where: N - is the number of loads to a given degree of damage;
constz -is a constant that characterizes the properties of the material at a given degree of dam-
age.
For the step loading scheme shown in Figure 3, after the transition from stress o1 to o2, the to-
tal number of cycles until the material fails will be equal to

N=Ng+ANcp. (3)
(o}
ANc
Lo 7 [ |
[ |
| I
2 [ |
j: | I
v O3 | :
|
[ |
| I
[ |
| 1
0 N Ng + N

Number of cycles

Fig. 3. Scheme of a stepped loading

Based on expressions (1) and (2) for points B, C, D and E, we can write:

(al —ao)” N, =const; (02 —ao)”<N2 - NCD):constz;

n . n —
(0'2 — O'O) N2 = constl, (0'1 — 0'0) N1 = constl.
After simple transformations of relations (3) and (4), we determine the total durability
n
O, — O
N=N_-N_[1-|2—2| | (5)
? ° 9,7 %
From (4) the following relations follow:
N, ~ const, AN ~ const, —const,
= and = (6)
N , const, N2 const,

from which follows
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—L 4+ 0 -1, (7)

Relation (7) is a special case of the linear law of damage summation for two loading stages .
In the general case, for m loading stages , the damage summation law can be written as

i(Ni/NKpi)zl' (8)

i=1

where Ni is the number of loading cycles at the stress level with amplitude o4}
pri is the number of loading cycles at the same level corresponding to the fatigue failure of

the sample.

The right side of expression (8) when testing materials for torsion and bending can vary from
0.6t02.2[3].

Returning to expression (7), we note that it contains random variables N 1, N 2and AN ¢p,
which is associated with a small selection of samples with the standard method of constructing fatigue
curves. To obtain deterministic fatigue properties of materials, it is necessary to increase the number of
samples in a batch and apply a statistical approach when processing test results.

The refined damage summation law for the considered case of loading can be represented as

follows [4]:
<(N1_NKP1)2> AN <(N2_Nkp2)2>

B 11+ +—CP i1y
N N 2 N N 2

Kpy Kpy kP kP

=1 9)

In this form, the damage summation law makes it possible to more accurately determine the
total durability under stepped loading in comparison with the linear law (7) and (8).

Conclusions

When evaluating the fatigue life of wear metals, the linear theory of damage accumulation is
used. According to the fatigue fracture diagram, curves were obtained corresponding to the destruction
of samples from cyclic fatigue at the macroscopic level, which characterizes the moment of occurrence
of various damages at different load levels. By testing steel materials for torsion and bending, their
endurance limit is determined.
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VIIK 621.791

BCTAHOBJIEHHS 3AJIEZKHOCTI TBEPJOCTI IHAEHTYBAHHSA TA MOAYJIA
MMPY>KHOCTI BI MIKPOCTPYKTYPH ITPU JOCJIII’KEHHI 3PA3KIB 3
BYTIJIEHEBOI IHCTPYMEHTAJIbHOI CTAJII Y12A?%

Momenok A.B., acmipant XHAY

Anomauin. Iloxazano, ax oucnepcHicmv MIKpOCmpyKkmypu 3pasxie 3 gyeneyeeoi cmani Y124 eniusae
Ha 3uauenus mexaniunux eracmusocmeil no 1SO 14577 npu indenmyeanni nipamiooio bepxosuua.
Bcmanoeneno, wo smenuenns po3mipy 3epua nepiimo- yemeHmumuoi mikpocmpykmypu cmani Y124
3HAYHO NIOBUWYE MAKI NAPAMEMPU MEXAHIYHUX elacmusocmet, K mgepoicmy iHoenmysanus y 1,5-
2,5 pazu, a mooyns npysicnocmi  Ha 3-70%.

Knrouoei cnosa: mikpocmpykmypa, nepiim, yemenmum, meepoicms iHOeHMYS8AHHs, MOOYIb NPYHCHO-
cmi, diazpama iHOeHmy8aHHSL.

DETERMINATION OF THE DEPENDENCE OF INDENTATION HARDNESS AND
ELASTIC MODULUS ON MICROSTRUCTURE IN THE STUDY OF SAMPLES OF
U12A CARBON TOOL STEEL

Moshenok A.V., postgraduate student of KhNADU

Annotation. It is shown how the dispersion of the microstructure of samples of carbon steel U12A af-
fects the values of mechanical properties according to ISO 14577 when indenting with the Berkovich
pyramid. It was found that a decrease in the grain size of the pearlite-cement microstructure of U12A
steel significantly increases such mechanical properties as indentation hardness by 1.5-2.5 times and
elastic modulus by 3-70%.
Keywords: microstructure, pearlite, cementite, indentation hardness, elastic modulus, indentation dia-
gram.

Beryn

3apa3 € BeiMKa npoliemMa y BCTAaHOBJICHHS 3aJIe)KHOCTI TBEPIOCTI Ta NPY>KHOCTI METaJIiB 1 iX
CIUIABiB BiJl MIKPOCTPYKTYpH. Ha mpukiaai MeTo/liB BUMIpIOBaHHsI TBEPJOCTI IHACHTYBaHHS Ta MOJY-
st Ipy>kHOCTI 3riHO 3 [SO 14577 [1] HaMu BCTaHOBJICHO IO 3AJICKHICTb.

3Ha4HUM (AKTOPOM, L0 BIUIMBAE HA 3HAUYEHHS pPe3yJbTATiB BUMIPIOBAHHS TBEPIOCTI iHIEH-
TYBaHHS Ta MOJYJISl IPY>KHOCTI BYTJICNIEBOI IHCTPYMEHTAIbHOT cTaii Y 12A € po3mip 3epHa CTPYKTYp-
HUX CKJIaJIOBUX MIKPOCTPYKTYPH.

[IuTanHIO BIUIMBY MIKpPOCTPYKTYPH Ha 3Ha4CHHS TBEPIOCTI iHAEHTYBaHHS Ta MOIYJISI IPYXK-
HOCTI BYTJIETIEBOI IHCTPYMEHTANBHOI cTaii Y 12A i mpucBsYeHe JaHe JOCIiHKEHHS.

Anauni3 myOJikauiii i MmeTra podoTn

3rigHo 3 Mi>kHapoHUM crangaptoM 1SO 14577 [1] BcTaHOBJICHO , IO HAWOLIBIT TPOTPECHB-
HUM Ha0OPOM MEXaHIYHHX BJIACTUBOCTEH MeTalleBUX MaTepialiB : TBepicTh 3a Maprerncom HM, TBe-
paicts 32 MapreHcom HMs , TBepaicTh iHaeHTYBaHHS Hit, MOayns npykHOCTI EjT , MOB3YyYicTh Npu
ingenTyBanHi Ci7, penakcailis nmpu iHaeHTyBanHi Ryt , pobora npu infeHTyBaHHi. OCHOBHHMH IMapa-
METpaMH IIbOTO KOMIUIEKCY € TBEPJICTh 1HJCHTYBaHHSI, SIKa BPaXOBYE SIK MPYXKHY, TaK 1 IIIACTUYHY
CKJIaJI0OBi y TBEPJAOCTI, a TAKOXX MOAYJIb MPYXKHOCTI, SIKUH XapaKTepHU3ye NPYKHICTh TOCIIIKYBaHOTO

22 PoGoTa BUKOHAHA ITijl KepiBHUIITBOM nonenTa Jlanasaposoi H.O.
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Marepiany [2-3]. Aite ipu IIbOMY BaXXJIUBY POJIb Ha 3HAYECHHS TBEPIOCTI iHAECHTYBAHHS Ta MPYKHOCTI
rpa€ IUCTIEPCHICTh 3epHA CTPYKTYPHUX CKJIQJIOBUX MeTairy a0o CIIIaBy.

[Ipeamerom gocnimkens Oynu craneBi Mipu TBepaocTi. 11lo cTrocyeTbest BILTUBY MiKPOCTPYK-
TYpH Ha 3HaYCHHS TBEPAOCTi Ta MPY>KHOCTI CTaJIeBUX 3Pa3KiB - 11€ MUTAHHs € aKTyaJbHUM IS cydac-
HOTO MaTepialo3HABCTBA.

Mertoto naHoi poOOTH € TOCIiIKEHHSI TBEPAOCTI 1HACHTYBaHHs Ta MPY>KHOCTI BYTJeneBoi iH-
CTpyMeHTaJIbHOI cTani Y 12A 3 pi3HOI0 MIKPOCTPYKTYPOIO.

Marepiajau i MeTOIH JOCTiTKEHHA

Jua nocnimkenns Oynu BigiOpaHi 3pa3ky, BATOTOBIEHI 3 Mip TBepaocTi. [lo3HaueHHs 3pa3KiB,
iX TBepIIiCTh Ta MIKPOCTPYKTYpa HafaHO B TaOmwmii 1.

Tabmuus 1 — 3HaueHHs TBepAOCTi 32 BikkepcoM cTaneBHX 3pa3KiB B 3aJIE)KHOCTI BiJl MiKpO-
CTPYKTypHU

3pa3zok TeepaicTs 3pa3Kky 3a Bikkepcom Ta Mapka craii MikpocTpyKkTypa
1. Mipa tBepmocti SO0HV10 (V12A) [Tepiit + 1IeMEHTUT
. . iT +
. . 2. Mipa tBepocti 790HV10 (Y12A) Tepui + nemenTir
Mipa TBeprocTi (mpibHO o0y IsIpHHIIA)
HV . : .
3. Mipa tBepmocti 350HV30 (V12A) [epmit

[TepuiT + 1IEeMEHTHUT

4. Mipa tBepaocti 8S0HV50 (Y12A) (1pi6HO r10ByApH)

TBepuicTs iHIEHTYBaHHS Ta MOIYJb MPYXKHOCTI BuMiproBasack Ha npuiani NanoTest (Micro
Materials Ltd) [4]. VHikaibHICTh JaHOTO MPHJIAIY - TOPH30HTAILHE PO3TAIlyBaHHS IIHHACIS 1 iH-
JIEHTOpa, IO JO03BOJIE 3 OUIBIIOI TOYHICTIO BHM3HAYaTH TBEPAICTh B MIKpO- 1 HaHOJIama3oHi.
Lle moB’s3aHO 3 CWIIOIO TSDKIHHS, SIKa JIi€ HA JOCTIDKYBaHHH 3pa3oK ITiJ] Yac MPOBEICHHS BUIPOOY-
BaHHSI.

Vel

fontees psomanit  Arobesk Savgie Stage  Llltvaton  Mantenese  Heln

Micro Materials Ltd.

MEASURNG NANOTTTHNOLOGY

NanoTes! .

MicroTast .
Mictoscope .

Liquid Cob @)

Puc. 1. Ilpunag NanoTest Micro Materials Ltd
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Pe3yabTaTn 10CTiIsKeHHS

3a aBTOPCHKOI Mporpamoro [5] BHU3HaYaeMO TBEPAICTh iHACHTYBaHHA (puc.4) Ta MOIYIb
TPYXKHOCTI (pHC. 5) 32 OTpUMAHUMU TIPH 1HICHTYBaHHI OKa3HUKAMU [Iiarpami iHaeHTyBaHHs (puc. 3)
srigno crannapty ISO 14577 (puc. 2).

F o4 mee g w0167
Plamne Dngh v 4181
Harmess (57w &
Fimdicad Mo (68w 51704
Elarte: Py Promene § 0081
Curemes Comphance (rmmt 1 9
Exaate wiis 3 RIS
IORPR 1

!

Cutront F ilmame
(D a8 20RO AT B P DRSS L

Ve rambr 1 LU

Priges S—

NAeAROn mBier 34 W N
W affer Currunt anadyin

Load cycie sumber | LN

Puc. 3. TunoBa aiarpama ingeHTyBaHHA 3pa3KiB 1-4 mipaminoro bepkosuua
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Po3paKyHOR MeXaHIuHuX BnacTHBecTei no IS0 14577
Teepaictb inaentyBannwa H;,

mr | 30.03.2023 MolueHok AHgpin MC-11a-22
[iana3oH [iarpama
3pasok  Ne 1 ‘ HaBaHTaxeHHs, mN ‘ 200-200 ‘ iHaeHTyBaHHA No .
11 ISO
ﬂpa'\ﬁT;;O Finax, MN R ax, NM h,, nm he, mm Hit, N/mm2
3HaueHHs MapavMerpy 170,000 1623,400 1560,900 0,001576525 2792
H,, = Fpoer _F ; Frna == ,

i . E
A, 24,494xh? : /

ODoIHAYMEHVE TEEDNOOCTU
vHACHTVUDoOEauvua H,,

Hy 05/10720/30 = 40id

| Sl Y S T )

G TeepaGeT iy
(Nimn? )

N

hc = hmax -€ (hmax _hr)

> 3anucb pesynbTtata no ISO 14577> 2792 H |t 0,1 70 I1 0/20/30

Puc. 4. Po3paxyHOoK TBepAOCTI iHAEHTYBaHHS s 3pa3ka Nel

PO3NaXYHOK MEXaHIuHMX BNacTHBECTeN no IS0 14577
Moavnn npy:xuocri E,,

10.03.2023 | Mouwerok Anapii MC-11a.22
e . [arpava
3pasox  N¢ ‘ 1 ] e S I 200200 [ penrmen Ny 1

14517

[ | 0N | amenm | ' bomn | E, N ]

Mansias gy | 200,000 l 1623,000 l 1560,000 000157575 | 133857
1=y £ e e
pls W “ i Vi
| f ¥, . U m /
Noanauenua moayna npymmocti !" o a0, 4
E; 0.5/10/20/30 = 220000 ' - /
byt gt Voot St z “ 7wk
_ g R Al
1 .
I - !Al oeene — - - "l - hmn . (hu-n —”)
Srmmoe > 133987 Ey 0200 10120030
“ Panascagn it ToopAlcTw % Mapreniom HM TRenaxTs 30 Maptowcow HMs .l“,’i’,‘l':."_['.'i','.'.'fﬂ'_'.'.L"_. Patova wu

Puc. 5. Po3paxyHok Mozaysist Ipy»KHOCTI 1uis 3pa3ka Nel

3anexHICTh TBEPJIOCTI 1HACHTYBAHHS Ta MOJYJISl IPY>KHOCTI B 3aJIEKHOCTI BiJ] MIKPOCTPYKTY-
pu HaBeAeHO y Tabumni 2. 3 Tabnuui 2 BUAHO, IO CTAJIEBi 3pa3KH 3 Pi3HOT MIKPOCTPYKTYPOIO Ta TBe-
paictio 3a Bikkepcom Big 500 g0 790 omunuis ( 30i1bmieHHs ¥ 1,6 pa3u) Halal0Th TaKOX 301bIIEHHS
TBEPAOCTI iHAeHTYBaHH: 3 5,85 10 8,96 I'Tla, ToOTO ¥y 1,5 pasmu.
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Tabmuist 2 — 3HadeHHsT TBEPAOCTI IHACHTYBAHHS Ta MOIYJIS TIPY>KHOCTI B 3aJICXKHOCTI BiJl Mi-
KPOCTPYKTYpH BYTJIENIEBO1 IHCTPyMEHTAIbHOT cTam Y 12A

Momasemms spaka | Mixpoctpykrypa | PACT: imaeuy- [ Moy mpyssiocr
1. Mipa TtBepmocTi .
+

S00HV 10 (V12A) [epait + LIeMEHTUT 5,85 207,9
2. Mipa TBepaocTi [TepmiT + emeHTHT 896 2145
790HV10 (Y12A) (mpibHO THOOYISIpHUIT) ’ '
3. Mipa TBepaocTi .

350HV30 (Y12A) [epmit 4,21 140,9
4. Mipa TBepaOCTI [TepmiT + memeHTHT

850HVS50 (Y12A) (mpiGHO TIOOYNIApHUIA) 10,99 2484

[Tpu uboMy MOIYIB PYKHOCTI 30UTBIIY€ETHCS TUTBKK Ha 3%. A OCh JOCHIPKEHHS Ha APYTii
napi aHajorigHoi ByrieneBoi cram Y12A Teepmicts 3a Bikkepcom Bix 350 mo 850 omuHuUIb Hagae
301IbIIEHHS TBEPAOCTI iHAeHTYBaHHs Bix 4,21 mo 10,99 I'Tla, a moayns npyskHocti 3 140,9 no 248.,4,
T00TO y 1,7-2,6 paziB. Takum 4YMHOM, 3MEHILICHHS 3€pHA MiKPOCTPYKTYPH 3aBKIAH HA/JA€ 301IbIICHHS
SIK TBEPAOCTI, TaK i MOTYJISl IPY>KHOCTI MPHOIM3HO y 2 pa3u.

BucHoBku

1. Ilpu mocmimKeHHI 3aMeKHOCTI TBEPJOCTI IHASHTYBAaHHS 3pa3KiB 3 BYTJIEIEBOI iIHCTPyMEH-
TanbHOi cTanmi Y12A BCTaHOBJICHO, 0 3MEHIICHHS 3epHA MIKpPOCTPYKTYpHU Hajae 30i7bIICHHS TBE-
pmocti iHAeHTyBanHs B 1,5-2,6 pa3iB. A 3pocTaHHS MOMYJS MPYXKHOCTI JUIs IMX 3pa3KiB 3HAYHO
menmre: Bix 1,03 mo 1,7 pazis.

2. JlominbpHO A5 30UIBIICHHS eKCILTyaTalliiHUX BIaCTUBOCTEH JeTaleil MalliH JOCTIIKYBaTh
TaKi iX MexaHI4HI BJaCTUBOCTI, SIK TBEPAICTh IHJACHTYBaHHS Ta MOAYJIb IIPYKHOCTI.
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