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Abstract. This article examines changes in a number of ghysand mechanical properties of
structural steel during fatigue testing. The tegse conducted under alternating bending conditions
using loading frequencies of 0.3, 3.0, 9.0, an® k81z on samples surface-hardened by borosilicate
coating. It is shown that the microhardness antbcligion density of the studied material increase
during the initial stage of testing, indicating tevelopment of a hardening process followed by
softening at the final stage.

N3YYEHUE ®U3NKO-MEXAHUYECKHX XAPAKTEPUCTHK
KOHCTPYKIHMOHHbBIX CTAJIEHA ITPHU ITPOBEJEHUH
YCTAJOCTHBIX UCITBITAHUN
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KiioueBble ¢JI0BA. MHKPOTBEPAOCTh, OKCIUIyaTalWsl, HAACKHOCTh, CTajb, I[TOBEPXHOCTHOE
YIPOYHEHHE, YCTAIOCTHBIC XapaKTEPUCTHKH, IIIEPOXOBATOCTh IOBEPXHOCTH, BPEMsI, TEMIIEpaTypa.
AHHoTauusi. B crarthe wW3ydYeHBl HM3MCHEHHUS psaga (U3NKO-MEXaHHYECKHX XapaKTCPHUCTHK
KOHCTPYKIIMOHHOW CTaJld IPHU MPOBEICHUH YCTAIOCTHBIX UCIBITAHUH. VICIIBITAHKUS MPOBOAMINCEH B
YCIIOBHSX 3HAKOIEPEMCHHOr0 u3ruba ¢ wucnojib3oBanueMm dvacror Harpyxkenwms 0,3; 3,0; 9,0u
18,0k 11 Ha 0Opa3iax mpoIIeANINX MOBEPXHOCTHOE YIIPOYHEHHE OopocmuirpoBanuemM. [lokasaHo,
YTO MHUKPOTBEPAOCTh W IUIOTHOCTh JUCIOKAIUN MCCICIOBAHHOTO MaTepualia Ha Ha4allbHOM dTare
UCTIBITAHUN BO3PACTAalOT, YTO XapaKTepU3yeT pa3BUTHC IpoIecca YIPOYHCHHUsS MaTepuaia,
CMCHSIFOIIETOCS PA3yIMPOYHCHIEM Ha 3aKIIFOYUTEIEHOM JTarle.

Most theoretical and experimental studies of faifpilure development have
been conducted without considering structural amdltiurgical factors, including
the presence of hardened layers and coatifgs complicates the selection of
optimal surface hardening process paramefng impact of the most common
chemical-thermal treatments of steel (carburizimgyiding, and boriding) on the
dislocation structure of surface layers of strualtusteel components and its
transformation during subsequent operation remassficiently studied.

Research in this area could lead to improved serfexdening compositions
and modes, thereby increasing the service life ahponents. Experimental
determination of the fatigue properties of vari@igictural steels was conducted
using a testing equipment complex developed at BYILB]. For testing,
experimental specimens were subjected to bendibgations. The advantage of
this design is that cyclic stresses vary alongsipecimen axisThis improves the
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accuracy of determining the physical and mecharpcaperties of materialsTo
study the development of the fatigue damage prdcestsuctural steel with surface
hardening, samples of 25KhGT steel subjected todiaonization (temperature
950°C, time 3.0 hours) were usdthe test results (Fig. 1, 2) show that at theahiti
stage (with a test base of up to 2-1@0 cycles), strengthening processes
predominate, accompanied by an increase in bothdiblecation density and
microhardness [2].
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Fig. 1. Change in microhardness of 25KhGT steelpsesrsubjected to surface hardening
under loading with mechanical vibrations of varyfreguencies (1-0.3 kHz; 2-3.0 kHz;
3-9.0 kHz; 4-18.0 kHz)
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Fig. 2. Change in dislocation density of 25KhGTesgamples subjected to surface
hardening under loading with mechanical vibratiohgarious frequencies (1-0.3 kHz;
2-3.0 kHz; 3-9.0 kHz; 4-18.0 kHz)

Since the value op is more sensitive to the action of cyclic stresshe
dislocation density rapidly increases under loadimgto 10 cycles. With an
increase in the number of cycles, the valug aicreases more slowly, and when
testing at a frequency of 0 kHz, its decrease ted@ig. 2, curve 1)When testing
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on large bases, the process of softening is netbdh is especially true for the
change in microhardness (fig. 1)Similar relationships with combined
strengthening-softening processes were determirea iumber of other structural
steels without diffusion saturationHowever, when testing homogeneous
specimens, the increase in dislocation densityratohardness is higher, and the
scatter of experimental results is smaller. Thisxiglained by the structural features
and stress state of the surface layers of speciswdscted to diffusion saturation.

The obtained test results can be explained by modencepts of fine
structure transformation under cyclic loadinguring the initial testing period
(approximately up to TOcycles), slight movement of pinned dislocationrsegts
can be expectedds the test period increases, dislocations overcbargers and
move through obstacles, causing plastic deformatibthe material. A further
increase in the number of cycles leads to an iseré@a dislocation density due to
the action of the Frank-Read sourddis also increases the number of vacancies
and interstitial atoms [3].

The determining factor is the strengthening processracterized by an
increase in dislocation density with increasing bem of loading cycles, as
confirmed by X-ray diffraction studies (fig. Z)he increase in dislocation density
is explained not only by the translational motidrpmned dislocations but also by
their multiplication, primarily due to the actiorf &rank-Read sources [3]. The
cessation of the increase in dislocation densitpadsociated with the action of
stresses from previously emitted dislocations.

Annohilation of dislocations of opposite sign is@lpossibleThis suggests
the nucleation and propagation of microcracksvere plastic deformation leads to
an increase in microhardness that lags behindritrease in dislocation density.
With a further increase in the number of loadingley, softening processes
develop in the material, characterized by a deerems microhardness and
microstresses. It should be noted that in the dened range of test frequencies, the
kinetics of changes in these quantities do noediignificantly. This confirms the
potential of fatigue testing using high loading quencies.As the frequency
increases, the strain rate of the material incie&sethe same number of loading
cycles, which also contributes to an increase ia Welocity of dislocation
movement and the intensity of their proliferatidig.(2, curve 4). Fatigue testing of
surface-hardened steels showed that changes irkitletics of physical and
mechanical properties, and consequently the prootskeir fatigue failure, are
characterized by a combination of hardening andeswofg of the materialThis
confirms previously conducted theoretical studied the fundamental possibility
of using accelerated fatigue tests at high loadieguencies and for steels with
surface hardening.
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