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Bcmyn

23-24 xBitHa 2024 poxy Ha Kadeapi TEeXHOIOTIi MeTalliB Ta MaTepialo3HaBCTBA BigOyiacs
MixkHapoaHa KoH(pepeHIlis 3100yBadiB BUIIOI OCBITH 1 MoJioauX ydeHuX «CydacHi mMaTepiand Ta
TexHoJorii ix 06poOkm». Ha kondepeHuii po3risganucs NMUTAHHS MiJBUILEHHS TOBrOBIYHOCTI
JeTaNe MalluH, sIKIi BUPINIYIOTHCS B OCHOBHOMY 3a PaxyHOK BHOOpPY SKICHHX MarepiamiB Ta
e(heKTUBHUX CMOCOOIB iX 00'eMHOiI Ta TmMOBepXxHEBOI 00poOku. IIMPOKO BUKOPHCTOBYETHCS
noBepxHeBa OOpoOKa s MiABHINEHHS 3HOCOCTIMKOCTI 1 MEXaHIYHHX BJIACTUBOCTEH BUPOOY
BIIJIOMY — HAaHECEHHS 10HO-TJIA3MOBHUX MOKPUTTIB, 10HHE O0MOap IyBaHHS, TOBEPXHEBE IJIACTUYHE
nedopMyBaHHS, Ta3epHa 00poOKa, iI0HHA IMIUIAHTAIIIS Ta iH.

Jis 3MIIHEHHS TIOBEPXHEBOTO IIapy MIMPOKO BHKOPHCTOBYIOTH HAIUIABICHHS POOOYHMX
MOBEPXOHb, MOJU(IKYBaHHS JeTaNied TPUOOCHUCTEM 13 3aCTOCYBAaHHSM BHCOKOKOHIICHTPOBAHHX
MOTOKIB E€HEprii, M0 SKHUX BIJHOCHTHCS JCTOHAIlIMHE HAMWICHHS, IO JIO3BOJISIE OICPIKYBaTH
MOKPUTTSI 3 BUCOKUMH (DI3MKO-MEXaHIYHUMH i TPUOOTEXHIYHUMHU BIACTHBOCTSIMH.

Ha xondepeHiii Oya npuijieHa yBara TEXHOJIOTISIM 3BapIOBaHHS, PO3BUTOK SIKUX BILUIUBAE
Ha TIPOTPEC Y Pi3HUX TaTy3sX MPOMHUCIIOBOCTI 1 Oy IIBHUIITBA.

OOMIH AyMKaMH 3 TUTaHb, MOB'SI3aHUX 3 BUPIIICHHAM MPOOJIeM MiABUILEHHS JOBrOBIYHOCTI
MaIlliH, BJIOCKOHAJIEHHS METOJIIB MMOBEPXHEBOI OOPOOKH Ta TEXHOJIOTIH 3BapIOBaHHS, yYaCHUKAMU
KOH(epeHIIil € KOPUCHUM 1 aKTyallbHUM.
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APPLICATION OF FRACTAL FORMALISM FOR EXPRESS ANALYSIS OF
MECHANICAL PROPERTIES OF PARTS!

Yaremenko O.Y., student of group MC-31-21
Kharkiv National Automobile and Highway University

Abstract. The method of comparative evaluation of the effectiveness of strengthening technologies
for increasing the durability of hydraulic hammer parts by means of detonation spraying is
considered. For an express analysis of the mechanical properties of the striker and the peaks of the
hydraulic hammer after detonation spraying, the fractal formalism is used to predict the mechanical
properties. The fractal dimension of the microstructure was calculated at a magnification of 100.
Key words: detonation coating, surface, fractal, strength, hydraulic hammer, mathematical model.

3ACTOCYBAHHA ®PAKTAJIBHOI'O ®OPMAJIIBMY IJISA EKCIIPECHOI'O
AHAJII3Y MEXAHIYHUX BJACTUBOCTEM JETAJIEA

Apemenko O.1., cryaent rpynu MC-31-21
XapkiBcbKHH HALIOHAJILHUI AaBTOMOOJILHO-10POKHIll yHIBepcUTeT

Anomauia. Pozensinyma memoouxka NnopieHANIbHO20 OYIHIOBAHHS eheKmMUBHOCMI 3MIYHI0BANbHUX
MexXHOI02IU NI0BUUEHHS 008208IUHOCII Oemaell 2i0POMOIOMA ULIAXOM OeMOHAYIUHO20 HANUIeHHSL.
s excnpec-ananizy mexamiuHux enacmueocmell OOUKA i niku 2i0poMoLoma nicjisi 0emoHayitiHo20
HanuleHHs  3acmocosano  paxmanvhuti  gopmanizm, Oa8  NPOSHO3VE8AHHSA — MEXAHIYHUX
enacmugocmeil. Dpakxmanvra po3mipHicms MIKpOCmpyKmypu pospaxogyseanacs npu 36ineuenni 100.
Kniwowuosi cnosa: oemonayiiine nokpumms, NO8epxXHA, paxman, MiyHicms, 2IOpOMOJIOM,
MamemMamuyHa mMooeib.

Introduction

The choice of processing methods plays a decisive role in the formation of the set of properties
of the original part, especially the methods of surface processing [1-3]. Detonation coatings, as a type
of gas-thermal coatings, due to the highest characteristics, are increasingly used in various industries.
Due to the highest characteristics (substrate adhesion strength up to 250-280 MPa), detonation
spraying [4,5] can be better for strengthening and restoring the most responsible and loaded parts and
assemblies. Detonation spraying increases the mechanical properties of various parts of a responsible
purpose, the surface of which wears out during operation.

Purpose and setting of the task

To carry out work on the comparative evaluation of the effectiveness of detonation spraying on
increasing the durability of hydraulic hammer parts, as well as to obtain mathematical models that
will make it possible to make an operational forecast of the mechanical properties of the parts based
on the analysis of their fractal structure.

1 Po6ora BuKkoHaHa mij kepiBHMITBOM Ipodecopa I'mymkosoi J1.b.



Research materials and methods

Evaluation of the mechanical properties of parts after detonation spraying using non-destructive
control methods based on structure analysis is complicated due to the complex configuration of the
shape of its components. A heterogeneous and geometrically complex structure is characteristic of
many surfaces after various types of spraying [ 6-8 ].

It is proposed to apply the theory of fractals to estimate the mechanical properties of hydraulic
hammer parts [9-11].
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1 - block from which the gas mixture is supplied; 2 — igniter; 3 - ignition unit; 4 — unit of the dosing
device; an employee for the formation of the necessary gas mixtures; and lighter; of the barrel 5 —
the barrel ( a pipe with a diameter of 20-50 mm, a length of 1-2.5 m ), 6 - the surface of the part,

7 - sprayed particles
Fig. 1. The scheme of the detonation device consists of

In a general form, detonation installations consist of unit 4 of the supply of dusting powder, which
includes a powder feeder and a dosing device; unit 1, serving to form the necessary gas mixtures and fill
the barrel of the detonation device with them at a given speed; ignition unit 3 and igniter 2, designed to
initiate the explosion of the working mixture; barrel 5, which is a pipe with a diameter of 20-50 mm, a
length of 1-2.5 m and intended for the directed propagation of an explosive wave towards the open end
of the barrel.

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), fuel oil or
air is blown in specified portions - finely dispersed powder into the gas mixture immediately 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 through the barrel to the surface of the
part 6 the particles 7 that are sprayed, with a speed determined by the geometry of the barrel and the
composition of the gas.

Cleaned working surfaces of hydraulic hammer parts without preliminary treatment were
strengthened by detonation sputtering of VK25 alloy (80%) and PT-NA-01 binder (Ni 91%, Al 9%). The
VK 25 powder used is tungsten-cobalt carbide (WC-Co) containing up to 25% cobalt, and is used for
fretting corrosion, abrasive wear at normal and elevated (up to 650°C) temperatures. Powder with a grain
size of 20-100 um was used; which was melted in an oxygen-acetylene flame and transferred to the surface
of the part by the gas flow. The thickness of the sprayed layer is 0.1 mm. The ratio of oxygen content to



acetylene content was 12; powder loading depth 300 mm, spraying distance 150 mm, powder weight 200
g, barrel length 1.6 m, barrel diameter 16 mm.

Research results and their discussion

The surface roughness 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 R values of 4.8-5.4 on the body and sleeve
and to 2.8-3.7 on the striker and peak.

The initial signs of failure of the reinforced layer were detected at the peak after 400 load cycles.
Burrs in zones "M" and "F" on the striker (Fig. 2) appeared after 1300 cycles, on the sleeve after 1050
load cycles and on the body after 1700 cycles. The test was carried out in the amount of 1800 cycles.
Measurements of the tested parts show that the indicated 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
a wear of 1.2 mm The appearance of damage to parts strengthened by detonation spraying is shown in
fig. 2 and 3.

The location and nature of damage to the surfaces of the parts are identical to those observed
on the previously investigated device sets. Such characteristic signs of degradation of the surface
volumes of the material of the parts as wear, smearing, plastic deformation with the formation of
radial grooves, surface oxidation are noted on the body and sleeve. In zone "A" on the case there is
wear and tear, on the sleeve there are characteristic shear lines.

Fig. 2. Damage to the peak and sleeve Fig. 3. Damage to the hull and striker,
strengthened by detonation spraying , x3  strengthened by detonation spraying , x3

In zone "B" on the body there is a slightly pronounced fold-like relief, on the sleeve the relief
of the furrow is smoothed to the base, so that a pattern of wave-like crumpling zones is observed.
Peeling of the surface layers of the metal in the "C" zone differs on the sleeve, on the body - a smooth
surface. In zone "D" there are traces of surface treatment.

The pattern of wear of the pick and pick is typical. In the presence of a central spot and grooves
in the peripheral part of the "N" zone, a fold-like relief of the grooves in the "M" zone, wear and
plastic deformation with the formation of a rough, flaking surface in the "F" zone and wear with
slander in the "E" zone, it is noted less "roughness™ of the terrain and greater smoothness for the fight
and spades. In combat, the degree of damage is lower.



The body and the striker are characterized by the presence of darker colors of slop on the
surface.

During the test, cracks formed in all the examined parts of the device. On the sleeve, the cracks
up to 0.05 mm deep are single and are observed only in the "Z" zone (Fig. 4). On the case, cracks are
visible in zones "A", "B" and "Z", respectively, with a depth of 0.25 mm, 0.4 mm and 0.1 mm (Fig.
5). There are no cracks in zone "D".

No cracks were also found on the battlement and peak in the "N" zone. There are cracks 0.3—
0.4 mm deep 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 occurred (see Figs. 4 and 5), only in the "M" zone of the case and the
bushing are observed the remains of the coating with a thickness of up to 20 um. 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. On the
body and sleeve, structural transformations are observed in zones "A" and "B" to a depth of 0.2 mm
on the body and 0.15 mm on the sleeve.
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Fig. 4. Structural changes in the material ~ Fig. 5. Structural changes in the material
of the case and striker, strengthened by of the peak and sleeve strengthened by
detonation spraying, x100 detonation spraying, x100

The hardness of the material in these zones on the body is HB 414-540 and HB 414-645 on
the sleeve. In the "C" zones of the case and sleeve, the depth of structural transformations does not
exceed 0.05 mm (HB 460-480). At the peak and peak, structural changes of the metal are observed
in the "M" zone to a depth of 0.25-0.3 mm and in the "F" zone to a depth of 0.1-0.15 mm (for both)
at a hardness of HV 340-475 ( in places at the peak of HB 560-675). There are no structural changes
in the "E" zones at the peak and peak and in the "N" zone of the peak. At the peak in this zone, the
depth of structural changes is 0.15 mm (HV 340-560).

The fractal dimension D of the structure of the hammer and the peaks of the hydrohammer
after detonation spraying at a magnification of 100 was calculated according to the Hausdorff formula
[12]:
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where N (6)is the number of cells with linear size d that cover the object under study.
The results of the fractal analysis of the structure of the peak and the body are shown in Fig.
6 and fig. 7.
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Fig. 6. The relationship between the
fractal dimension of the body surface D
and the strength limit s g for axial samples

Fig. 7. Correlation between the fractal
dimension of the D peak surface and the
relative narrowing for tangential samples
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Fig. 8. Correlation between the fractal
dimension of the body surface D and the
yield strength s o2 for axial samples

Fig. 9. The relationship between the fractal
dimension of the surface of peak D and its
HRC hardness in the tangential direction

Conclusions

1. A method of comparative evaluation of the effectiveness of strengthening technologies to
increase the durability of hydraulic hammer parts has been created and tested, which is based on
testing parts after various strengthening options and provides action during the loading process of
pressures and gas-dynamic characteristics that simulate the relevant parameters of operational loads.

2. Tests of parts strengthened by the researched methods showed that, compared to the initial
version, a significant increase in wear resistance is achieved:

- in the controlled cross-section of the fight and peaks during strengthening by detonation-gas
surfacing, while the crack resistance of the material increases by 1.3-2.4 times compared to the initial
state.

3. Mathematical models were obtained, which makes it possible to make an operational
forecast of the mechanical properties of hydraulic hammer parts strengthened by detonation spraying
based on the analysis of their fractal structure within the error limits of up to 6%.
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VK 669.017

POJIb AYCTEHITY ¥ ®OPMYBAHHI KOMILVIEKCY BJACTUBOCTEHR
CEPEJIHLOJIETOBAHOI CTAJII BEUHITHOI'O KJACY?

Kusizea 0.2, nou., Kusizes C.A.%, k.1.H., Coconnuii O.B.%, acn.
!XapkiBcbkuii HanioHAILHUI ABTOMOGLIBLHO-I0POsKHIl yHiBEpCHTET
’HanionanbHuii TexHiuHmii yHiBepenTeT «XapKiBchKHii MOTiTeXHIYHAI iHCTHTYT»

Anomauia. Jlocniodceno eniug pizHoeo 8udy mepmiuHoi 0opooKu (i30mepmiuHo2o 2apmy8anHs, da
MaKodic 2apmy6aHts ma cepeoHbOmeMnepamypHo2o GiONYcKy) Ha MeXaHiuHi e1acmueocmi cmaii
30XI'CH2A. Ilokazaro, wo He 38ajcaroyu HA OOHAKOBI 3HAYEHHS MBepOOCmi, 3HAUEeHHS YOapHOL
8 SI3KOCMI 3HAYHO BIOPIZHAIOMbCSA, MA 3ANeAHCAMb BI0 KIIbKOCMI 3aNUUKOB020 AYCIEHImY.
Knrouosi cnosa: izomepmiune capmysanus, mMemaniocpa@iuHuil amanis, MexaHiuyHi e1acmuocmi,
MIYHICMb

THE ROLE OF AUSTENITE IN THE FORMATION OF THE COMPLEX OF
PROPERTIES OF MEDIUM-ALLOYED BAINITE CLASS STEEL

Kniazieva H.O., Assoc., Kniaziev S.A., Ph.D., Sosonny O.V., assistant professor
!Kharkiv National Automobile and Highway University
’National Technical University «Kharkiv Polytechnic Institute»

Annotation. The effect of different types of heat treatment (isothermal quenching, as well as
guenching and medium-temperature tempering) on the mechanical properties of 30CrMnSiNi2A steel
was studied. It is shown that despite the same values of hardness, the values of impact toughness
differ significantly and depend on the amount of residual austenite.

Keywords: isothermal hardening, metallographic analysis, mechanical properties, strength

Beryn

CyuacHuil acCOPTUMEHT KOHCTPYKLIHHUX cTaned J103BOJIsiE HE TUIbKM MifiOpaTH MOTpiOHY
MapKy 3a MOKa3HUKOM L1HA/AKICTb, ajie 1 JO3BOJISE Y IIMPOKUX MeXaX MaHEBPYyBaTH MEXaHIUHUMU
BJIACTUBOCTSIMH, 3MIHIOIOUH iX CTPYKTypy. TeopeTuuHi 1 mMpakTU4Hi 3J00yTKH Yy cdepi KIHETUKU
($a30BUX MEPETBOPEHb, TEXHOJIOTIH TepMi4HOI OOpOOKM Ta KilbKiCHOI MeTanorpadii a03BoIse
JIOCUTBH TOYHO CIIPOTHO3YBAaTH TOW UM 1HIINUN pe3ylbTaT CTPYKTYPO3MiH 1 HOPIBHSAHO JIETKO KEPYBATU
3MiHaMHU MEXaHIYHUX BJIACTHBOCTEH cranell. Ctani OeHHITHOTO Kiacy (JesKi HU3bKO- Ta OUIBLIICT
CepeHbOJICTOBAaHUX CTallel) SK Hallkpalle MIXOAATh i 3aJadyl THYYKOrO KepyBaHHS
BJIACTUBOCTSAMU uepe3 OUIbLIY MOXIIUBICTH IO CTPYKTYpPOYTBOPEHHIO. SIpKO BHpaxkeHe OeifHITHe
MEPETBOPEHHSI Ta HAsABHICTb M’SIKOI ayCTEHITHOI (a3su [03BoOJIsg€, MpH 30€pekeHHI BUCOKHX
MOKa3HHUKIB MIIIHOCTI, JOCSTaTH IMiBUIIEHNX 3HAUYEHb 3amacy B’ S3KOCTI.

AHaniz myOaikaunii
Amnaniz ny6mikamiit [1, 2] momo OeHHITHOro NHEepeTBOPEHHS Ta BIUIMBY 3aJHIIKOBOTO

ayCTEHITy IOKa3aB, 10 HE3BAKAlOYM Ha iX BEJUKY KUIBKICTh Ta BCEOIYHY BHBYEHICTH JIOCI HE
BUCTaYa€ KOHKPETHHX, EKCHEPUMEHTAJIbHUX MJAHUX II0/0 BIUIMBY TEXHOJOTIYHHUX Bapiawii

2 Po60oTa BUKOHAHA I KepiBHUITBOM noueHTa Knsasesoi I.O.
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rapTyBaHHS Ha 3MiHU CTPYKTYpPHU Ta BIACTUBOCTEH 1101 HU3KH CKJIQJHOJIETOBAaHUX CTaJleH, Y TOMY
guci 1 crani Mmapku 30XT'CH2A.

Meta po0oTH i 3aBJaHHS

Meta poO0TH — 3p03yMITH BIUIMB CTPYKTYpPO3MiH y KOHKPETHINA MapIli cTall Ha ii MeXaHiuH1
XapaKTepUCTUKH TIPU Bapiallisix TEeXHOJOril TepMmiuHoi oO0poOku. [lns nocsrHeHHs MeTH Oyiu
MOCTaBJICH] 1 BUPILICH] 3aBaHHs: IPOBECTH 3BUYAMHE TapTyBaHHS Ta rapTyBaHHS 3 130T€PMIYHOIO
BUTPUMKOIO 3pa3KiB IJICHTUYHOTO CKJIQAy Ta METAypriiHOIl SIKOCTi; BUBYHTU MIKPOCTPYKTYPY
(Mopdororito, KUIbKICTh 3aJUIIKOBOIO ayCTEHITY); BCTAHOBUTH MEXaHIYHI XapaKTEPUCTHKHU CTall
icIs pi3HUX Bapialiil TepMiyHOi 00pPOOKH.

MarepiaJj i MeTOAU TOCTiTKEHHS

B sikocTi marepiay qociiakeHb, Ha SKOMY IPOBOJIMINCH EKCIIEPUMEHTH, OyJio 0OpaHO
cepeiHboJIeroBany craib OeiHiTHOro Kinacy 30XI'CH2A. IlpoBeneHo 2 Buau TepMiuHOi 00pOOKU:
130TepMiuHe TapTyBaHHS, a TaKOX TapTyBaHHS + CEepeIHbOTEMIIEPATypHUH Biamyck. [3oTepmiuHe
rapTyBaHHs IpoBoAMIIOCh TpH Temiiepatypi 900 °C, BUTpuMmIli py AaHii Temreparypi 3 HOJalbIINM
MePEHECEHH M 3pa3kiB B 4 3 Temnepatyporo 280 °C. [y iHmmX 3pa3KiB MPOBOAMIACH TEPMITHA
0o0poOka, ska moisrana B rapryBaHHi 3 Temmeparypu 900 °C, BUTpUMII Ta OXOJIOJDKEHHI B
TpaHc(hOpMaTOPHOMY MacCTHII (3 METOr 3a0e3NedYeHHs] HAMEHIIOI IIBHIKOCTI OXOJIOJUKECHHS, a
TAKOXX JUIsl 3MEHIIeHHs Jedopmauii mpu o0polli), 3 MNOJAIBLIMM CepelHbOTEMIepaTypHUM
BimmyckoMm mipu Temnepatypi 400 °C Ta oxosomkeHHI Ha moBiTpi. [limiOpani pexuMu TepMidHOT
00pOOKH T03BOJISIOTH OTPUMATH 3HAYEHHS TBEPJOCTI MPUOIU3HO HA OJHOMY PIBHI B CEpEHBOMY
48 HRC.

Ontuko-emiciiHum anamizoM (Ha cnektpomerpi SPECTRO) BcraHOBIeHMH eneMEeHTHUI
aHaJi3 JIOCITI/KYBaHMUX 3pa3KiB Ticis TepMidyHOi 00poOku. Meranorpadiuni gOCITiKEHHS
npoBogminck Ha Mikpockoni ZESS AIXO Ver.l. BunpoOyBaHHS Ha pO3pHUB MPOBOJIMINCH 3a
nonomororo mpuiany — TIRAtest 2300, BUMiproBaHHST TBEPIOCTI MPOBOIMIINACH Ha TBepaoMipi TK—
2M, BunpoOyBaHHS Ha yJapHy B A3KiCTh — Ha puiai 2130KM-03.

Pe3yabTaTn gociiakeHHs

Mertanorpadiunai nocmijkeHHs, nposeaeHi Ha ctami 30XI'CH2A y BuxigHOMY CcTaHi,
MoKa3aJiy, 10 CTallb Ma€ He3HAYH1 3a0pyIHEHHsI IO HEMETaJIeBUM BKIIIOUEHHAM, a came 1...1,5 Ganun
[3]. JocmimkeHHss MIKPOCTPYKTYPH IiCIS TEPMIYHUX 0OpPOOOK TOKa3aB, 110 B YCiX 3pa3Kax HasBHI
KOpPO31i{HO-aKTHBHI BKJIIOUEHHS, XapaKTePHUI BUTIIS SIKHX MPEICTaBIECHO Ha puc. 1.

Pucynok 1 — MikpocTpyKTypa 3pa3KiB 3 HasIBHICTIO KOPO3IHHO-aKTUBHIX HEMETAJICBHX BKIFOUEHB, X500
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3aMIIIKOBUI ayCTEHIT - MeTacTabUIbHA (pasa, PoJib SKOi YacTO HEMOOIIHIOKTh, a00 HE TTOMIYarOTh.
Io cBoiii mpupomi, 3rimHo (izuunHOoi KpucTanorpadii — Ie TIacTuyHa 1 M’sika (asa, Ky 4acTO BBRKAIOTh
MIKiUTBOO. JIIiCHO, HAsBHICTH 3aJIMIIKOBOTO AyCTEHITY YacTO MPHU3BOIUTH O 3HWDKECHHS TBEPIOCTI,
CTaTWYHOI MIITHOCTI Ta PO3BUTKY BTOMHOTO pyiHyBaHHS. OJHAK pPOJb 3JIMILKOBOIO AyCTEHITY CIiJ
PO3ITIAIATH 3 YpaxXyBaHHSAM OTOUyrOUMX (a3 y craimi. Tak, OCHOBHA HETaTHBHA sl TIPOSBIISIETHCS Ha (DOHI
MAapTEHCHTHOI MAaTpHLIl MiCis 3BUYAiHOro rapryBanHs. OfHak npH peamizarii OSHHITHOrO MepeTBOPEHHS
PO3MOAUT HaNpyXeHb, MikpoaehopMaIliii MOXKE TMO3WTUBHO ITO3HAUYMTUCh HAa KOMIUIEKCI MEXaHIYHHX
BJIACTUBOCTEH y MaTepiasii BLLIOMY.

Bu3HaveHHsT 3QIMIIIKOBOrO ayCTEHITY MPOBOMIOCHh MiAPAXyHKOM HOro rwiorti. st Horo 9iTkoro
BUJIJICHHS, 32 PaXyHOK KOMIT FOTEpHOI 0OpoOKH 300pakeHHs Mikpodororpadii, Oyno HaHECeHO MacKy
BUJIUTEHHS 110 Tpajaitii ciporo. I Ipukian Takoi oOpoOky HaBeaeHO Ha puc. 2.

~

CEP i h. . '
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’

Pucynok 2 — Macka BujuieHs 3paska Nel micrst i3otepmigHOro raptyBansst 3 15,5 % Asaq (x 1000)

[TinpaxyHOK KUTBKOCTI 3aJIMIIKOBOTO ayCTEHITY MICs TEpMIYHOI OOpOOKM MOKa3aB, IO IICIs
130TEpMIYHOrO TapTyBaHHS B CTall MpPUCYTHbO Omusbko 15,5%, a micnd  rapryBaHHA —Ta
CepeTHbOTEMITEPaTypHOro BiITycKy Ha piBHI 3,48%. Lle miarBeprkye Toi (axT, 110 MICIs 130TepPMIYHOTO
rapTyBaHHS 3HaUHA YaCTHHA 3AIMILKOBOTO ayCTEHITy CTalLIi3yBanack.

EnemenTtHMit aHaI3 3pa3KiB MICIst TEPMIYHOT 0OPOOKH MpeICTaBlIeHHH B Ta0I. 1.

Tabmuus 1 — EnemenTHUi anani3 3pa3kiB micist TEPMIYHOI 00poOKH

Bun EnemenTHuii anams, Bar. %
TEPMIYHOT C Cr Mn Si Ni S Cu P

00poOKHU
[3oTepmiune 0,28 1,05 1,15 1,10 1,45 0,019 0,17 0,023
rapTyBaHHs
lapryBanHus 0,29 1,06 1,1 1,11 1,43 0,020 0,19 0,021
+ cepenHiit
BIJITYCK

BwmicT neryrounx eneMeHTiB 3HAXOAUTHCSA B MeXaX JOMYyCTUMHUX IS i€l MapKu CTami, sK 1
BMICT HIKIJUIMBUX JOMIIIOK. BMicT a30Ty y 3pa3kax cTail JIeKHUTh 1032 MEXaMH YyTJIMBOCTI
npujasy, a 3Ha4uTh HE MOKE CYTTEBO BIUIMHYTH HAa MEXaHIYHI XapaKTEPHCTUKHU 3pa3KiB CTalli, 110
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JocmiKyeTbes. Haronocumo, mo a3oT iHOi J00aBIsIOTE y CTallb MPH i1 BUTUIABII 0€3 3aJIeKHOT0
B1IOOpa’KeHHsI HOTO HAasIBHOCTI y cepTHdikaTax Ta MapKax CTaji, Xoua BiJJOMO, IO e €IEeMEHT
HaBITh MPH MIKPOJIETYBaHHI CYTTEBO BIUIMBAE HA MEXaHIUHI XapaKTEPUCTUKH CTaJICH.

3Bakarouu Ha TOW (DAKT, IO PEKUMU TEPMIYHOI OOpOOKM MiAIOpaTH TaKUM YHHOM, II00
OTpPUMATH MPUOIU3HO OJHAKOBI 3HAYEHHS TBEPAOCTI, LIKaBUM OYJI0 IPOBECTU JOCIIJKEHHS 1HIINX
MEXaHIYHHX XapaKTePHCTHK, a caMe BUNPOOYBaHHS Ha PO3PHB Ta HA yJIapHY B’s3KiCTh. Pe3ynbraTn
X BUIPOOYBaHb MPEACTaBICHI B Tab. 2.

Tabmuis 2 — Pe3ynbratu MexaHIYHUX BUITPOOYBaHb ITICIIS TEPMIYHOI 00pOOKHU

Bun MexaHi4H1 BJIaCTUBOCTI

TEPMIMHOT [ MITa | oo, MITa | 8, % v, % KCU, HRC

00pOOKH Tox/em?
[3oTepmiune 1550 1350 17 53 100 47,8
rapTyBaHHS
apryBanHs 1470 1345 16 50 77 48,3
+ cepenHiit
BIJIITyCK

Sk 6aunMo 3 pe3yabTaTiB, IPUBEICHUX Y Ta0JI. 2 BUMIP TBEPAOCTI HE BioOpakae 00’ €KTUBHY
KapTHHY CTPYKTYPHOT'O CTaHy Ta 3MiH MEXaHIYHUX BJIACTUBOCTEH, 10 3yMOBIICHO Pi3HOIO KUIbKICTIO
3JTUIIIKOBOTO ayCTEHITY Ta MaTPUYHOI CTPYKTYypH. B TOM e 9ac MOKHA CIIOCTEPIraT JOCTaTHBO
OJMU3bKI TMOKa3HUKM CTAaTMYHOI MIIHOCTI Ta IUIACTHMYHOCTI, IO HE HAaJa€ KIIOYOBOI IEpeBaru
KOJTHOMY 3 BapiaHTiB TePMi4HOI 0OpOOKH. TiIbKH MOKAa3HUK YAAPHOI B’S3KOCTI JI03BOJISIE BUSBUTH
nepeBary 130TepMiYHOTO TapTyBaHHs, KU fae 23% mpupicT 3amacy B’sI3KOCTI.

BucHoBku

3a pe3ynbTaTaMH IMOPIBHSIBHUX €KCIIEpUMEHTIB Ta BunpoOyBaHb Ha cram 30XI'CH2A
[IOKa3aHO 3HAYHY pOJIb ayCTEHITY 3aJHUIIKOBOIO Ha yAapHY B’S3KICTh CTall 3 SICKPAaBO BUPAKEHUM
OelHITHUM TIepeTBOPEHHSM TP YMOBI Horo peanizanii depe3 3acTOCYBaHHsS TapTyBaHHS 3
130TepMIYHOI0 BUTpUMKOIO. [loka3aHO HarsiAHWI BUMAJOK CHUTYallli, KOJIM HE MOXXHA TUIBKH IO
MOKa3HUKaM TBEPJOCTI XapakTepu3yBaTH pe3yibTaTH oOpoOKu. BigmpanboBaHo METOAMKY
3aCTOCYBAaHHS KOMIT IOTEPHOI 00pOOKH 300pakeHb MIKPOCTPYKTYpP 3 METOIO peani3alii KUIbKICHOI
MeTtasorpadii, 0 J03BOJsE B OKPEMHUX BMIAJKaX 3aMIHUTH TEXHIYHO OUIbII CKJIAJAHY METOAUKY
BHU3HAUEHHS 3aJIMILIKOBOIO ayCTEHITY PEHTT€HOCTPYKTYPHUM METO/IOM.
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BU3HAYEHHS ONTUMAJIBHUAX ITAPAMETPIB IIOKPUTTH J1JIA JTETAJIEM
IPEC-®OPM METO/OM TEOPII INTAHYBAHHSI EKCIIEPUMEHTY?

Jlitenko A.B., maricTp rpynu MC-55-23
XapkiBCcbKHH HALlIOHAJILHUH ABTOMOOITbHO-10POKHiN YHIBepCcHTET

AHnomauin. Bcmanognieno onmumanvbHi 3HAYEHHS MEepOOCmi, WOPCMKOCMI NOBEPXHI Ccmaii
3X3M3D, moewunu noxpumms, woO HAHOCUMbBCA, 3 MOYKU 30pY 3HOCOCMIUKOCMI Oemanel
06'emHo20 2ioponpusody. I1io uac o6pobKu pe3yrbmamis eKkcnepumMeHmy UKOPUCMO8Y8ABCsL Memoo
MaAmemMamuyHo20 MOOeI0B8AHHS.

Kniwwuosi cnoea: nioknaoka, aoeesis, 6i0WAPOBYBAHHA, UWIOPCMKICMb,  3HOCOCMIUKICMb,
MamemamuyHe MOOeNO8aAHHSL.

DETERMINATION OF OPTIMAL COATING PARAMETERS FOR DETAILS
PRESS-FORM BY THE METHOD OF EXPERIMENT PLANNING THEORY

Litenko A., master of group MC-55-23
!Kharkiv National Automobile and Highway University

Abstract. The optimal values of hardness, surface roughness of 3Kh3M3F steel, and the thickness of
the applied coating were established from the point of view of wear resistance of parts of a volume
hydraulic drive. When processing the results of the experiment, the method of mathematical modeling
was used.

Key words: substrate, adhesion, peeling, roughness, wear resistance, mathematical modeling.

Beryn

[ITupoki MOXXIMBOCTI BIKPUBA€ BUKOPHCTAHHS IUIA3MOBHUX IOKPUTTIB, 30KpeMa XiMiuHE
OCaJKEHHsI 3 Ta30BOT0 CEepelOBHUINA, KOHJIEHCAIlll peYOBUHM B yMOBaX 10HHOTO OoMOapIyBaHHS
(KIB).

OpHak mpu 1IbOMY BEJHMKE 3HAUCHHS Ma€ HE TIJIbKU CKJIAJl MMOKPUTTS, 10 HAHOCHUTHCS, ae i
Taki MapaMmeTpH, sIK TBEPAICTh MiJKJIAJKH, IOPCTKICTh MOBEPXHI, HA SIKYy HAHOCUTbCS IMOKPHUTTS,
TOBILHA TOKPUTTSL.

CTaH nuTaHHd

SIK oJMH 13 MOKa3HUKIB 00paHO TBepAicTb. BoHa jerko migmaeThes nepeBipii B Oyab-aKii
TO4Il BUpoOy 6€3 MIKOIM MUTICHOCTI 5K J10, TaK 1 MICJIs eKCITyaTartii.

[TpakTuka ekcrutyaTanii BUpoOiB, BATOTOBJIEHUX 31 CTajl 3 HAHECEHHSIM Ha poO0Yi MOBEPXHi
IJ1a3MOBUX TOKPUTTIB, TOKa3ana, L0 IIOPCTKICTh MOBEPXHI BUPOOY, Ha SKOMY HAHOCUTHCS
MOKPUTTSI, moBUHHA OyTH He MeHie 0,48 Ra. B iHImoMy BUnajiky croctepiraeTbes BiJIapoOBYBaHHS
MTOKPUTTS, [0 HAHOCUTKCS, Yepe3 MOoraHy aJare3ir0 Horo 3 miakIaako. ToMy OJHHM 13 3aBAaHb €
BHU3HAYEHHS IOPCTKOCTI 00po0IIIOBaHOT MOBEPXHi, 110 3a0e3neuye HaWBUILY aAre3il0 MOKPUTTS 3
OCHOBHHM METAJIOM.

3 Po6oTa BuKOHaHA IiJ KepiBHUITBOM npodecopa Imymkosoi J1.5.
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MarepiaJj Ta MeTOAUKA 10C/IIIZKEHHSA

Martepianom gocrmimkenHs Oyna crans 3X3M3®d. TepmiuyHa oOpoOKa - MOKpaIIEeHHs, IO
3a0e3rneuye HalKpalle MOETHAHHS MIIHICHUX Ta IUIACTHYHUX BiacTHBOCTEH. Ilicis 3a3HadeHol
TEePMIYHOT 00pOOKH TBEPIICTh KONMBaeThes He Onbiie 42...46 HRC.

ToBmIMHA MOKPUTTS, 1110 HAHOCUTHCS, 3MIHIOETHCS B MEXKax Bija 3 70 6 MIKpOH, 110 BiAMOBiIa€e
Xopomrii aaresii. MeHIa TOBIIMHA HE ICTOTHO BIUIMBAE HA BIACTHBOCTI BUPOOyY, a y pa3i TOBUIMHU
OubIIIe 6 MIKPOH CIIOCTEPITAETHCS BiIIIAPOBYBAHHS Yepe3 IMOraHy aJre3iro 3 MiIKIaIKok0.

OCKUTBKHM TBEPAICTh MpUIIMAaE JIHIIE LIl 3HAUYeHHs, OyJ0 BUPIIIEHO MPOBECTH I'SATh Cepiit
€KCIIEpUMEHTIB (BiAMOBIAHO OTPUMYIOYH 3HAYCHHS TBEPAOCTI 42, 43, 44, 45, 46).

Pe3ysbTaTn eKcniepuMeHTy Ta iX 00roBOpeHHs

Sk npuiHATO B TeOpii IUIaHyBaHHS €KCIepUMEHTY [1, 2], TOBIIUHY MOKPUTTS 1 MIOPCTKICTh
Oynemo Ha3uBaTH (akTopaMu i mo3HayaTH X1 1 X2, @ 3HOC — BIATYKOM 1 mo3HayaT Y. Buxoasuu 3
BUKJIAJICHUX BHIIE MipKyBaHb, IPUHMAEMO, 110 MEKaMH iCHYBaHHs (3MiHH ) akTOpiB € Ximin = 3;
Ximax = 6; Xomin = 0,10; Xomax = 0,48. InTepBanu BapiroBanHs (akTopiB BianmoBigHo AX1=6-3=3; AX>
=0,48-0,1=10,38.

Cnouatky 0ys0 mpoBeAeHO (GaKTOPHUN eKCIEPUMEHT MEPIIOTro MOPSAKY, METOIO SKOT0 OYJI0
OTpPUMATH MaTEMAaTUYHYy MOJEIb 3aJie)kHOCTI Y Bix X1 Ta Xz y BUIIIAAL JiHIKHOTO TojiHOMa. [liis
1poro OyJio peanizoBaHO (MPU KOKHOMY 3HAYEHHI TBEPAOCTi) MOBHUN (PaKTOPHUN EKCHEPUMEHT
tuny 2". Moro pesynsrati npeacTasieHi y tab. 1 — 5.

Tabmurs 1 — 3HaYeHHS TOBIIUHU TIOKPUTTS,
HIOPCTKOCTI Ta 3HOCY IpH TBepaocTi miaknanku 42 HRC

Ne mociny X3 X> Y
1 3 0,1 6,5
2 3 0,48 7,3
3 6 0,1 3,3
4 6 0,48 45

Tabnuus 2 - 3HaueHHs TOBIIMHN OKPHUTTS,
MIOPCTKOCTI Ta 3HOCY TpH TBepaocTi migkianku 43 HRC

Ne nocniny X1 X2 Y
1 3 0,1 6,3
2 3 0,48 7,0
3 6 0,1 4,0
4 6 0,48 4.4

Tabmuia 3 - 3HaYeHHS TOBIIWHU MTOKPUTTS,
MIOPCTKOCTI Ta 3HOCY IpH TBepaocTi miaknanku 44 HRC

Ne nocminy X1 X2 Y
1 3 0,1 5,6
2 3 0,48 6,2
3 6 0,1 3,6
4 6 0,48 4,0
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Tabmuris 4 - 3HaueHHs TOBIIUHU TOKPUTTS,
MIOPCTKOCTI Ta 3HOCY MpH TBepaocTi miaknanku 45 HRC

Ne ombiTa X1 X Y
1 3 0,1 3,5
2 3 0,48 3,8
3 6 0,1 2,1
4 6 0,48 2,4

Tabmuris 5 - 3HaueHHS TOBIIUHU TOKPUTTS,
MIOPCTKOCTI Ta 3HOCY MpH TBepaocTi miaknanku 46 HRC

Ne ombITa X1 X2 Y
1 3 0,1 4.4
2 3 0,48 4,8
3 6 0,1 3,0
4 6 0,48 3,4

[TpumiTKa: O KOXKHOMY PSAIKY IUIaHIB TaObnuip 1-5 mpoBoauiocs ABa OCIIIU, a B TAOJIHULIO
3anmucyBajocs cepente 3HaueHHs Y. [1o koxHil Tabmumi 1-5 po3paxoByBasiocs piBHSHHS perpecii.

Y =by +b X, +5,X,. (1)
PesynbraT po3paxyHKy npezcTaBieHi y Tao. 6.

Tabmuus 6 - Pesynbpratu po3paxyHKy Koe(illieHTiB JTIHIHHOTO PIBHSAHHS perpecii

3H3‘I€HH${ bo by by
TBEPAOCTI
42 9,14 -1 2,63
43 11,76 -2,26 2,31
44 8,68 -0,82 1,45
45 7,62 -0,7 1,32
46 5,70 -0,47 1,05

[Torim Oyna mpoBezeHa mepeBipka 3a kputepiem ®Pimepa mpu piBHI 3Hauymocti q=0,05
a/IeKBaTHOCTI OTPUMAaHMX PIBHSHb LUIIXOM MOPIBHAHHS po3paxyHKoBoro kpurepito ®imepa - F, 3
tabauuHuM. Y Bcix Bunankax Fp > Fr, oTxe, piBHSHHS € aJeKBaTHUMH. Y 3B'S3Ky 3 UM OyJi0
YXBaJICHO PIIICHHS MPOIOBKHUTH €KCIIEPUMEHTH, TOTIOBHUBIIIK OTPUMaHi 1ianu 2" 10 eHTpaTbHIX
KOMIO3ULIHHUX TUIaHIB Ipyroro nopsaky. Peamizamii nux raxiB HaBeneHo B Tabm. 7 — 11.

Tabnuus 7 - 3HaueHHs TOBIIMHY MOKPUTTS, LIOPCTKOCTI Ta 3HOLTYBAHHS TP TBEPIOCTI MiAKIAIKU
42HRC B pe3ynbpTaTi €KCIEPUMEHTIB 3a IUIAHOM JIPYTOro MOPSIIKY

No X1 X2 Y
JOCTITY
1 2 3 4
1 3 0,1 6,5
2 3 0,48 7,3
3 6 0,1 3,3
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1 2 3 4
4 6 0,48 4,5
5 4,5 0,29 5,2
6 4,5 0,1 4,8
7 4,5 0,48 5,4
8 3 0,29 6,8
9 6 0,29 4,2

Tabnuua 8 - 3HaueHHs TOBIIMHU MTOKPUTTS, IIOPCTKOCTI Ta 3HOCY MPH TBEPAOCTI
niaknaaku 43HRC B pe3ynbpTari eKCIEPUMEHTIB 32 TUNIAHOM JAPYTOT0 HOPSAKY

No X1 X2 Y
JOCITI Ty
1 3 0,1 6,3
2 3 0,48 7,0
3 6 0,1 4,0
4 6 0,48 4.4
5 45 0,29 5,2
6 45 0,1 48
7 4,5 0,48 54
8 3 0,29 6,8
9 6 0,29 42

Tabmuus 9 - 3HaueHHs TOBIIMHY MMOKPUTTS, IIOPCTKOCTI Ta 3HOCY MPH TBEPIOCTI
niaknagku 44HRC B pe3ynbpTari €KCIEPUMEHTIB 32 IUIAHOM JAPYTOro MOPSAKY

Ne X1 X2 Y
JIOCITi Ty
1 3 0,1 5,6
2 3 0,48 6,2
3 6 0,1 3,6
4 6 0,48 4,0
5 4,5 0,29 5,0
6 4,5 0,1 44
7 4,5 0,48 5,2
8 3 0,29 6,0
9 6 0,29 3,8

Tabmuus 10 - 3Ha4eHHST TOBIIMHN TOKPUTTS, IIIOPCTKOCTI Ta 3HOCY NIPU TBEPAOCTI ITiKITaIKA
45HRC B pe3ynbTaTi €KCIIEPUMEHTIB 3a IJIAHOM JIPYTOTo MOPAIKY

Ne X1 X2 Y
JOCTiY
1 2 3 4
1 3 0,1 3,5
2 3 0,48 3,8
3 6 0,1 2,1
4 6 0,48 2,4
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1 2 3 4

5 4,5 0,29 2,51
6 4,5 0,1 2,45
7 4,5 0,48 2,76
8 3 0,29 3,9
9 6 0,29 2,17

Tabmuus 11 - 3Ha4eHHs TOBIIMHU TOKPUTTS, IIOPCTKOCTI Ta 3HOCY NIPU TBEPAOCTI MiKIA KN
A6HRC B pe3ynbTaTi €KCIEPUMEHTIB 3a IIAHOM JAPYTOro MOPSIAKY

Ne X1 X2 Y
JOCITTY
1 3 0,1 4,4
2 3 0,48 4,8
3 6 0,1 3,0
4 6 0,48 3,4
5 4,5 0,29 4,0
6 45 0,1 3,8
7 45 0,48 41
8 3 0,29 4,6
9 6 0,29 3,4

3a KOXKHOIO 13 Ta0IHUIs PO3PAXOBAHO PIBHSIHHS perpecii

Y =by +bY, +0,X, +b, X7 +b, X, X, +
+h,, X 2. (2

PesynbTaTi po3paxyHKy npejacraBieHi B Ta0m. 12.

Tabmuus 12 - 3nauenHs koedilieHTIB perpecii

E '§ 3HaueHHs KoedilieHTIB perpecii

Qo

§ §~ bo b1 b2 b11 b1z b22
& E

42 11,76 | -2,26 2,31 0,35 0,13 -2,77
43 10,82 | -2,02 4,01 -0,26 0,14 -2,31
44 7,21 -0,66 3,98 -0,18 0 -2,77
45 7,57 -1,79 | -0,99 0,02 0,15 2,91
46 5,25 -0,31 2,3 0 -0,01 -2,31

Jlns HaouHOCTI rpadiuHe 300pakeHHsI TOBEPXHI BIATYKY HaBeAeHe Ha puc. 1 — 5.
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42 HRC

IATYKY JUIsl TBEPIOCTI

Pucynok 1 - [ToBepxHs B

43 HRC

IATYKY AJIs TBEPAOCTI

Pucynok 2 - [loBepxHs B

44 HRC

IATYKY 711 TBEPJOCTI

Pucynok 3 - [loBepxHs B
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Pucynok 5 - [ToBepxHs Biaryky juis tBepaocti 46 HRC
Tenep 3HalinemMo HaliMeHIe 3HaueHHs QyHKLIT Y B 001acTi

3<X,<6 (3)
0,1< X, <0,483.
3a Bigomoro Teopemoro [3]ue 3HaueHHs NpHUMaeThes abo Ha Mexi obmacti abo B
cramionapniit Touni. Koopmunartu (XY, XJ) cramioHapHoi TOUKM BM3HAYaIOThCA AK pillIEHHS
CUCTEMU PIBHSHB

&
X,

4
N g ()
X,

SIka B HaNIOMy BUNAJKy Ma€ BUIJIS
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b +b, X, +2b, X, =0
b, + by, X, +2b,, X, =0. (%)

Bupimyemo ii 3a popmynamu

X0 = —2b,oby +byby,
1 z
40,105, — by,

6
X0 = _2b11b2+b12b1_ ©
4, by, ~ b
OTtpumyemo
mpu T=42 X 9=731 X$=0,88
npu T=43 X °=7,60 X3=0,43
npu T=44 X °=141,50 X5 =-3,76
npu T=45 X °=6,01 X3=0,15
npu T=46 X 9=-10,50 X5=0,5

Sk 6aumMo, TUTbKK B OJTHOMY BHUMAIKy pu T = 45 MOKHA BBaXKaTH, 10 CTAI[lOHAPHA TOYKA
(X?=6, X9=0,15) nanexuts 061acTi BU3HaAYeHHS (HAKTOPIB, B iHIIMX BUNAJAKAX HAliMEHIIIE 3HAYECHHS

¢byHK1ii Y 1ocsraeThes Ha rpaHuLll. 3poOUBIIY NPSAMUN MIAPaxXyHOK, 3HAWIEMO HalIMEHIIIE 3HAYEHHS
B KO)KHOMY BUMAaJKy. ¥ Tabi. 13 Bka3aHi KOOpAMHATH €KCTPEMAIbHOT TOUKH Ta 3HaYCHHs Y Y Hiil.

Tabmuus 13 — 3HaueHHs BIATYKY B €KCTpeMasbHii TouIl

3HaueHHS Koopaunaru 3HaYeHHS
TBEPJOCTI | EKCTpeMaJIbHOi BIATYKY
TOYKH
X1 X2 Y
42 6 0,1 3,43
43 6 0,1 3,96
44 6 0,1 3,5
45 6 0,15 2,11
46 6 0,1 3,06

Sk BuHO 3 Tabn. 13, HaliMeHIIe 3HAYEHHs 3HOCY MPOTHO3YETHCS MPH 3HAYE€HHI1 TBEPOCTI,
mo nopiBHOeThess 45 HRC, ToBmuHI mokputTsa 6 i mopctkocti 0,15. Jns miaTBepKeHHS i€l
rimoresu OyB MpPOBEICHUN EKCIEPUMEHT 3 BU3HAUYEHHS 3HOCOCTIMKOCTI Hpu TBepAoCTi 45,
mopctkocti 0,16 MKM 1 TOBIIMHI NMOKpUTTA 6 MKM. OTpumaHuili 3HOC 2,2 n1iiCHO BHSIBUBCS
HaVMEHILHM.
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VJIK 658.562

NIJIBUINEHHA AKOCTI IETAJIEA POTOPA IIEHTPOBI)KHUX
KOMITIPECOPIB 31 CTAJII 34XHIMA*

Minaes C.O., cryaent rpynu MC 31 - 21
XapkiBCcbKHH HALlIOHAJILHUH ABTOMOOITbHO-10POKHiN YHIBepCcHTET

Anomauin. Ananiz memooig 6XiOH020 Ma KiHYe8020 KOHMPOI0 0emaieli pomopa YeHmpooidicHux
komnpecopie K-250 ma onmumizayin pesxcumy mepmiunoi oopobku Ooemanet, 8UCOMOBIECHUX 3
KOHCMPYKYIUHOI cmani mapmencumuoz2o kaacy mapku 34XHIMA.

Knrouosi cnosa: oemani pomopa, mexauiuni 61acmueocmi, CMmpyKmypa, KOHmMpoJib AKOCmi

IMPROVING THE QUALITY OF ROTOR PARTS OF CENTRIFUGAL COMPRESSORS
MADE OF 34KHN1MA STEEL

Minaev S., student of group MC 31 -21
Kharkiv National Automobile and Highway University

Annotation. Analysis of the methods of input and final control of rotor parts of K-250 centrifugal
compressors and optimization of the heat treatment mode of parts made of structural steel of
martensitic grade 34KHN1MA.English

Keywords: rotor details mechanical properties, structure, quality control.

Beryn

KoHnTposns sikocTi 0e3nocepeiHbo y X0l BUPOOHHUITBA MPOAYKIIii, BATOTOBJIEHHS BUPOOY Ta
peKUMIB HOro OOpOOKM MPOBOIUTBHCS 3@ JOMOMOIOI0 CIELiaIbHUX TEXHIYHUX MPHUCTPOIB.
3acTocyBaHHS aKTHBHOTO KOHTPOIIIO JO3BOJISAE TIOMEPE/PKATH Ta BUSBIATA Opak Ha MOYATKOBHX
CTaJisIX Ta MPU BUTOTOBJICHHI TOTOBUX BH/IIB METAJIOMPOAYKIIII.

KoHnTpons Ha BHXOJI BUPOOHMYOI CHUCTEMM (HIANPUEMCTBA 1 MOro MiApO3JUTIB) Mae 3a
OCHOBHY MeETy IONepe/kaBaTu Iepefady OpakoBaHOI MPOIYKIi CHoKuMBauyy abo Ha HACTYIHI
TEXHOJIOT14HI ¢a3u (cTajii) Ha TOMY K MIANPUEMCTBI 3 HACIIAKaMHU, SIKI BUTIKAIOTh 3 11boro. OKpiM
TOr0, TAKUH KOHTPOJIb JIa€ MOXJIMBICTh BU3HAYUTU CTYMiHb BUKOHAHHS BUPOOHMYMX 3aB/JaHb Ta
OTpUMATH TIO3UTUBHI €KOHOMIYHI pe3ybTaTu BUpoOHHITBa [1].

Ananiz nmyoaikamii

Potop xommpecopa mpu3HaYeHUN JUIsI CTUCHEHHS 1 MepeMillleHHs] aTMOC(EpHOro MOBITPS.
Po6oui o6eptu cknmagatots 10935 06/xB. Ban poropa 3a3Hae KpyTiHHS Ta 3MiHHE BUTHHAHHS, KOJIeca
3a3HAIOTh BEJIMKE JIMHAMIUYHE HAaBAaHTAXKEHHS 32 paXyHOK BEIMKHUX 00epTiB. Takoxk poTop 3a3Hae y
MIeBHI MOMEHTI Iparli BiOpallito, ika Moke IPUBECTU JJO pyHHYBaHHS KoJiic abo Basa.

VY sKkocTi MaTepiany i pOOOYHX KOJIIC Ta BTy 3aCTOCOBYETHCS ByTJIelI€Ba CTAIb 3 TPAHUIIEIO
MimHOCTI 50—65 Kr/MM? i BimHOCHHM TOmOBKeHHSIM 23—19 % a6o jerosani crani. Ha TOB CHB®
"XiMmal KoMIpecop-cepBic" HaaxoAsTh 3aroToBKM Bana Ta koxic 3i cram 34XHIMA 3rigHo
texHiyHNX yMmoB TY H3JI 341-93, TY H3JI 342-89.

4 Po60oTa BUKOHAHA ITiJ KepiBHUITBOM noueHTa I[Iporacenko T.O.
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Merta BX1IHOTO KOHTPOJIIO - BCTAHOBJICHHSI BIAMTOBITHOCTI SIKOCTI TOTOBHX BUPOOiB BUMOTaM
CTaHJAPTIB YM TEXHIYHUX YMOB, BUSBIICHHS MOXJIMBUX JACHEKTIB. Y TaHOMY BHITQJIKy Martepial y
CTaHI TOCTayaHHs HE BIJMOBiJa€ BUMOraM HOPMAaTHBHOI JOKYMEHTalli 3a piBHEM MeEXaHIYHHUX
BJIACTUBOCTEH Ta CTPYKTYporo. TomMy OyJio BUPIIIEHO MPOBECTH TEPMIYHY 00pOOKY JIJIsl TOCATHEHHS
BiJIMOBIJHAUX IMOKA3HHUKIB MIIHOCTI Ta TUTACTUYHOCTI 3 KOHTPOJIEM BCIX MMapaMeTpiB HA PI3HUX CTATISAX
BHUPOOHUIITBA.

Meta po0oTH i 3aBIaHHS

Merta po60oTH - po3poOKa METOIB KOHTPOJIIO AeTaliell IEeHTpoODKHUX KommpecopiB K-250
Ha pI3HUX eTamax BUPOOHMITBA Ta BHUOIp pEKUMY TEpMiuyHOI OOpOOKM JeTaneil poTopa,
BHUT'OTOBJICHHX 3 KOHCTPYKIIIMHOI cTajii MapTeHCUTHOTrO Kiacy 34XHIMA.

Jlyist mocsiITHEHHST METH OYB MPOBEICHUH KOMIUICKC MEXaHIYHUX JTOCIIPKeHb 3Pa3KiB-CBIJIKIB
koHCcTpyKuiHOT ctani 34XHIMA y BuxigHoMy cTaHi Ta micis nofiniieHHs. Ha ocHOBI aHamizy
MEXaHIYHUX Ta CTPYKTYPHHUX JOCHIKEHb 3p00JIeHI BUCHOBKH BIJIHOCHO SIKOCTI METAJIOMPOIYKIIl y
CTaHi MOCTa4YaHHs Ta TOTOBOI AeTaji micis TepMiuHol 00poOKku. BuzHauanack cTymiHb 3a0pyIHEHHS
CTaJi HEMETaJEeBUMH BKIIIOUCHHSMH, TIPOBOJMBCS YJIBTPAa3BYKOBUI Ta KaIJSIPHUI KOHTPOJIb IS
BUSIBIICHHS TOBEPXHEBUX JAC(PEKTIB.

MarepiaJj i MeTOaU T0CTiIKEHHS
Matepian qoCIiKEHHS - 3pa3KU-CBIIKH Bl KOJKHOI apTii MokoBok 31 ctaii 34XHIMA s
MeTanorpadiYHuX TOCTiKEHh Ta BUTOTOBIICHI CTAaHAAPTHI 3pa3Ku JJIsl MEXaHIYHUX BUIIPOOYBaHb.
Ximiuamit cknan ctam 34XHIMA, 3 sKoi BUTOTOBJISIETHCS BaJl poTopa i pobodi KoJeca,

Bignosigae TY 24-1-12-179-75 (tabm. 1).

Taomuns 1 — Ximiuauii cknag crani 34XHIMA, %

C Si Mn Ni S p Cr Mo Cu
0,30—- | 0,17—- | 0,50- no 0,02 0,20 —

0.4 0,37 0,80 1,3-1,7 5 bis) 50,02 1,3-1,7 0,30 mo 0,3
Jlis BUKOHAHHS IOCTABJIEHOI METH OI[IHKM SIKOCTI JeTajed NpOBOAWINCH  HACTYIHI

OCITIJKEHHS

1. XiMiyHMi1 aHami3.

2. MakpoaHnaini3 — Bi3yaJbHHI OISl 30BHIIIHBOI TOBEPXHi TOKOBKH.

3. MexaniyHa oOpoOKa 3aroTiBOK BaJly Ta KOJIC JJIS IMPOBEICHHS YJIbTPa3BYKOBOTO
KOHTPOITIO.

4. MexaniuHi BUIIpoOyBaHHs 3pa3KiB, BUPI3aHUX 13 3aTOTIBKH.

5. Mikpoananiz — merajorpagiuie JOCHIHKEHHS 3pa3KiB y HETPaBIEHOMY Ta TPAaBICHOMY
CTaHi JI0 Ta MiCJIsl TEPMIYHOT OOPOOKHU..

6. Kaninsipauif KOHTPOJIb SKOCTI MICJIsl OCTaTOYHOI MeXaHiuHO1 00pOOKH.

Pe3yabTaTn gociiakeHHs

[TpoBeneHi moCIiHKeHHS TOKa3aly, 0 y CTaH1 MOCTauYaHHs XapaKTEPUCTUKH MIITHOCTI CTai
34XH1MA He BiANOBIIatOTH BUMOTAaM: OCHOBHI MTapaMeTPH MIIHOCTI (TPaHUIl MIITHOCT1, TPAHHUIIS
TEKYy4OCTi, ) 3HAYHO HMXKUi, H’K He0OXiHO MaTH y i€l ctani 3rigHo TY (tabn. 21 3).
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B xozi MakpockomiuHOTro aHaji3zy aeQeKTiB, AKi MOPYyNIIyIOTh CYLIUIbHICTh METaITy, 00 SIKUX-
HeOy/Ib 1HIIKX MOPOKIB BUSABJICHO HE OYIIO.

OniHroBaHHs 3a0pyTHEHOCTI CTaJIi HEMETAJIEBUMH BKIIFOUCHHSMH MTPOBOIMIIOCH 32 «METOI0M
I» 3a m’aTubanbHO0 MIKANOK Mpu 301IbIIeHH]I Ha Mikpockomni X 100. 3a BMicTOM HeMeTalleBUX
BKJIIOYEHD PI3HOTO TUMY cTaib BiAamosigae Bumoram JJCTY ISO 4967:2017 (ISO 4967:2013, IDT) .
Sk MakcUMaJIbHUMN, TaK 1 CEpeIHIN 0all He IEPEBHUIIICHO Hi IO OJIHIN MO3HIII, a 10 JICSIKUM BHSBJICHA
MOBHA BiJICYTHICTb BKIIIOUEHB (HAIIPUKIIAA, Hele(hOpMOBaHi CUIIIKaTH, CTPOUYKOBI OKCHJIN).

Ha puc. 1 HaBemeHuid BUTIISAN PSAIKOBOTO cynediny, skuil Bignosimae 4 Oany,
Mikpoctpykrypa crani 34XHIMA HaBeneHa Ha puc. 2. CTpykTypa CKIAQmaeTbes 3 (Epury Ta
MEePIIiTy, MPUYOMY KUIBKICTh CTPYKTYpPHOI CKJIQJI0BOI — MEpPIITy - OUIblla, HIK BUIBHOTO (EpUTY.
Cepenniii po3Mip MHEpHITHUX KOJOHIA TOCUTH BEIUKHN; (EPUT MEPEBaKHO PO3MIIIYETHCS I10
IpaHULSM NEPIITHUX 3epeH. Taka MIKpOCTpYKTypa BIANOBIAa€ BignaieHomy crany crani 34XHIMA
1 XapaKTepHU3y€eThCsI HEBEIUKOIO MIIHICTIO.

Tabmuiusg 2 — MexaHiuHI BIAaCTHBOCTI, SKi HEOOXIgHO MaTtu aetansm 31 ctam 34XHIMA
srigno TY H3JI 341-93, TY H3JI 342-89 y craHi nocTayaHHs

HaiimenyBanus s, 3, v, KCU, HB,
JeTanei MIla Go2, M1 % % Tox/cm? Krce/Mm?
Bai poropa 638 490 15 35 49 -
Po6oui koseca 765 589 14 35 49 -

Tabnuus 3 — MexaHi4Hi BIaCTUBOCTI 3pa3KiB-CBIJKIB 3 Baly poTopa 1 poOoyoro kojeca 3i

crani 34XHIMA y crani mocta4anHs

HaiimenyBanHs Os, d, Y, KCU, HB,
neraneit MIla co2, Mlla % % Ix/em? | kre/mMm?

Bai poropa 594,7 467.9 25,5 31,4 322,8 229

Po6oui xoieca 611,2 476,1 25,8 25,2 229,8 237

Pucynox 1 — Hemeranesi Bkpamienns y crani 34XHIMA (cynbdinu, 4 6ar), x250

Takox Ha 3aroToBKax poOOYMX Kojec Ta Bally poTopa Oyja HmpoBe/ieHa YJIbTPa3ByKOBa
neeKTOCKOMIsl JJIS BUSBJICHHS BHYTPIIIHIX JedekTiB. Y mporeci KOHTPOIto nedexTtu, ski
NepeBUILyIOTh formyctuMi Hopmu 3riiHo 'OCT 24507-80, ne 3HaiineHo.

Ockineku MexaHigHi BjactuBocTi ctam 34XH1IMA He BinmoBimaroTh BEMoraM 1Y, BoHA
Oyna miggaHa TepMidHii 00poO1Ii 32 HACTYITHUM PEXUMOM:

- rapryBaHHs npu temmepatrypi 860 °C, yac BuUTpuMyBaHHsS | TOaWHA, CepEIOBHIIE
OXOJIO/PKEHHS OJINBA;
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- BiAmyck mpu temmnepatypi 660 °C, yac BuTpuMyBaHHs 1.5 TOAMHH, cepepoBUILE
OXOJIOJKEHHS TTOBITPSI.

Pucynok 2 — Mikpoctpykrypa craii 34XHIMA y crani mocrauanus, x250

[Ticns momineHHs MPOBOANUBCS KOHTPOJb CTPYKTYPH 1 BIACTUBOCTEH.

Tepmiuna 06poOKka MO3UTUBHUM YHHOM BIUIMHYJIA HA BIACTUBOCTI cTaji. ['paHuLsa TeKy4yocTi
30impImace Maixke Ha 60 %, rpanuns minHocTi Ha 50 % 1 MepeBUIIy€E MMOKA3HUKH, SIKi HEOOXiTHI
Bl naHoi cram (tabn. 4). TBepaicTh 3HAXOAUTHCS Yy 3aJaHOMY IHTEpBali, a XapaKTEPUCTUKU
TUTACTUYHOCTI 1 OTIOPY JUHAMIYHUM HaBaHTAXKEHHSM (BIIHOCHE TIOJJOBXKEHHS, TIOTIEPEYHE 3BYKEHHS,
yAapHa B'S3KICTh) TeX BHILE HeoOXigHuX 3rifHo TY. TakuMm 4WHOM, JaHUN PEXKUM TEPMIYHOI
00pOOKH € ONTHUMATIBLHUM 1 3a0€31euye OTpUMaHHs HEOOXiTHUX BIaCTHBOCTEH.

Tabmurs 4 — MexaHi4HI BIaCTHBOCTI 3pa3KiB-CBIJKIB 3 BaJly poTOpa i pododoro KoJjeca 3i
crani 34XHIMA mnicns TepMiuHOT 00poOKH

HaiimenyBanu G, 0, Y, KCU, HB,
s AeTanen MIla Go2, MIla % % Jlox/cm? KTC/MM?

Ban potopa 949,2 790.7 26,1 62.5 91.2 285

Po0Ooui koseca 991.3 913.2 25.6 44.0 49.3 295

Ha puc. 3 maBenena mikpoctpykrypa ctaii 34XH1MA nicns nosinmensst. CopOiT BiAITycCKY,
SIKMI YTBOPHUBCS MICII TEPMiIUHOT 00pOOKH, Ma€ TOCUTh JUCTIEPCHY OyA0BY 1 100pe CIiBBIIHOMICHHS
MIITHOCTI Ta TJIACTUYHOCTI. Y TaKOMY CTaH1 MaTepiall MiIIAEThCs MeXaHIdHii 00poOiIi.
[Ticna octaTouHOi MexaHiuHOI 00pOOKH AeTaelt Oya MpoBeaeHa KaisipHa 1e(eKTOCKOisA
JUTsI BUSIBJIEHHS TTOBEpXHEBUX AedekTiB. B Xxoa1 KoHTporo nedexTiB, 10 MOPYIIYIOTh CYIUIBHICT

HOBerHi, HC BHABJICHO.
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Pucynok 3 — Mikpoctpykrypa crani 34XHIMA micnst Tepmianoi 06po6ku, x250
BucHoBku

[IpoananizyBaBIIM OTPUMaHI €KCIIEPUMEHTAIBHI PE3yJIbTaTH KOMILIEKCHOTO JOCIIIKCHHS
BiactuBoctel 1 cTpyktypu crani 34XHIMA B crtaHi moctayaHHs Ta Hiciis TepMidHOI 0OpoOKw,
MO>KHA 3pOOUTH HACTYITHI BUCHOBKHU:

1. 3rizHo 3 pe3ynbpTaTiB BXiAHOTO KOHTPOJIIO MAaKpPOCTPYKTYpa 1 HAsBHICTb HEMETAJEBHX
BKJTIFO4YEHb B cTaii 34XHIMA BiAmOBiZarOTh BUMOTaM.

2. Y craHi noctayanHsa MexaHi4Hi BnactuBocTi ctaii 34XHIMA nuxde 3a noTpiOHi 3rigHO
TY.

3. Mikpoctpykrypa ctani 34XHIMA y cTaHi moctayaHHs BIANOBiAA€ BiANAIEHOMY CTaHY.

4. 3anponoHoBaHu# pexuM noximmenas cram 34XHIMA e ontumansHEM, 1 3a0e3medye
MeXaH14HI BJaCTUBOCTI, SIKi IEPEBUILYIOTh MOKa3HUKH, 1110 3a3HaueHi B TY.

5. [IpoBeneHHs 3MIITHIOBAILHOI TEPMIYHOI OOpOOKH JeTaneil HEeHTPOOKHUX KOMIIPECOpiB
K-250 3a gaHuM pexuMOM HE NPU3BOJHUTH JO YTBOPEHHS MOBEPXHEBHUX TapTiBHUX TPILIUH, II0
MiATBEP/HKEHO KOHTPOJIEM METOIOM KAIJISIPHOT IePEeKTOCKOTTII.

PesynbraTi nocnimkeHb MOXYTh OyTH BHKOpPHCTaHI Ha BHPOOHHMITBI Ta y HAayKOBO-
JTOCTITHAX POOOTaX.
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DETERMINATION OF THE INFLUENCE OF ELECTRO-SPARK ALLOYING ON THE
STRENGTH INDICATORS OF MACHINE PARTS®

Zubkov O.V., student of group MC - 26t11-22
Kharkiv National Automobile and Highway University

Abstract. Strengthening was carried out by electrosparking . The results of tests of parts strengthened
by electrospark alloying show that the wear resistance of parts is increased by 1.3 times compared
to the original state of parts . It has been established that strength indicators increase with increased
fractal dimension.

Key words: electrospark alloying, sorbitol, microstructure, hydraulic hammer, fractal dimension,
prediction.

BU3HAYEHHSI BIIMBY EJIEKTPOICKPOBOI'O JIETI'YBAHHSI HA TIOKASHUKHA
MIINHOCTI AETAJIEU MAIIIMH

3yokoB O.B., ctrynent rpynu MC-26T11-22
XapkiBcbKHH HALIOHAJILHUI AaBTOMOOJILHO-10POKHIll yHIBepcUTeT

AHnomauina. 3miyHeHHA NPOBOOUNOCA WIIAXOM — e1eKmpOoIiCKp08o2o e2yéanHsa. Pezynomamu
eunpodyeanv oemanei, 3MIYHEHUX eNeKMPOICKPOBUM Ne2YBAHHAM, C8IOUaAmb, WO 00CA2AEMbCA
niosuwenns. 3nococmitkocmi oemaneii 6 1,3 pazu 6 NOPIGHAHHI 3 GUXIOHUM CMAHOM OemdaJell.
Bcmanoeneno, wo nokasnuxu miynocmi 3pocmaromos npu niosuweHi hpakmaibHoi pO3MIPHOCHI.
Knwuoei cnosa: enexmpoickpoge ne2ygants, copoim, Mikpocmpykmypa, 2i0pomonom, GpaxmanbHa
PO3MIpHICMb, NPOSHO3

Introduction

In order to increase the wear resistance and fatigue strength of the material of hydraulic
hammer parts, it is not always advisable to change the traditional technology of manufacturing the
part and, in particular, the methods of its heat treatment. Different types of finishing are applied only
specifically to the given product. In some cases, it is worth applying surface strengthening of the
product [1-3] .

Analysis of publications

Currently, there are a number of surface strengthening technologies, each of which has its own
advantages and disadvantages [4-6] . The most common are laser thermal hardening, electrospark
alloying, galvanic chrome plating, ion-plasma hardening, gas detonation sputtering, vacuum-plasma
hardening, surfacing of working surfaces.

Studying the influence of various methods of surface hardening on changes in the structure
and properties of hydraulic hammer parts and choosing the most effective method of increasing their
durability is an urgent task.

Chrome plating is one of the most common types of electroplating. In the technique of chrome
plating of products, it is used to protect against corrosion, wear, sticking to the surface of contacting

® Po6oTa BUKOHaHa mij kepiBHUITBOM npod. [mymkosoi J1.5.
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materials. Depending on the technology and methods of application, chrome coatings reach
microhardness up to 950-1100 HV. High hardness and wear resistance, low coefficient of friction,
high heat resistance and good chemical resistance provide chrome-plated parts with a high service
life in any operating conditions [7, 8].

The purpose of the work

Establish a relationship between structural changes in the surface layers of parts after
electrospark alloying and strength characteristics, as well as the fractal dimension of the structure
with strength characteristics, which will allow them to be used as a non-destructive control of parts
after electrospark alloying.

Research materials and methods

During chrome plating, anodes made of pure lead or a lead alloy with 4-6% antimony were
used. Anodes are made from rods with a diameter of 10-15 mm or sheets. The ratio between the
surface of anodes and cathodes should be between 1:2 and 2:3. Lead anodes in during the work
process, they were covered with a layer of lead chromic acid, which makes work difficult. In the
breaks between work, the anodes were removed from the bath and immersed in water.

Fig. 1. Installation for electrospark alloying

All parts were strengthened by electrospark alloying with tungsten. The power of the processing
current was 1 kW. The peak, in addition to strengthening with tungsten, was additionally processed by
electrospark alloying with chromium at a current of 1.5 kW. Surfaces processed by electrospark alloying
were polished to obtain the roughness of the hardened surfaces of parts R and 04-08.

During the micro-examination of areas strengthened by electrospark alloying, which are outside
the load zone during the test, it was established that the areas strengthened by electrospark alloying on the
body and sleeve have a thickness of 1040 pwm and a hardness of H V 600-650. On the strikers, the initial
thickness of the strengthened layer is 20 um with a hardness of HV 600-650. The strengthened zones in
the section have the appearance of arc-shaped, embedded surface layers of metal parts, phases. There are
no structural changes under this zone in the main metal.
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Tests and their discussion

The study of the wear resistance of parts strengthened by electrospark alloying was performed
according to the standard method.

The tests were carried out before the formation of a wear pattern in the cavities of the body and
sleeve, on the striker and at the peak, similar to that obtained on the parts manufactured without additional
strengthening. The initial signs of wear of the device parts in the form of small burrs were detected at the
peak in the "M" and "F" zones (see Fig. 2) after 300 load cycles, on the sleeve after 450 cycles, on the
striker and the body, respectively, after 350 and 500 cycles

After 1300 load cycles, the nature and degree of damage to the parts corresponded to that obtained
on the unreinforced assembly.

The specified diameter of the hull channels in the cut zone increased to 125.5 mm, the strikers in
the "N" zone, fig. 3) worn by 0.35 mm, in zone "F" - by 0.55 mm. Peak wear leaves 0.35 and 1.15 mm,
respectively.

The general type of damage to parts strengthened by electrospark processing during testing is
shown in fig. 2 and fig. 3.

Fig. 2. Wear of the peak and sleeve, Fig. 3. Damage to the hull and striker,
strengthened by 20 pm with a hardness of strengthened by detonation spraying , x3
H V 600-650. Reinforced zones in the
section have the form , x3

The damage zones of the housing and bushing coincide with the corresponding wear zones of
the housing and bushing, which are not subjected to additional strengthening. The nature of the
damage is also identical to that observed earlier, but the degree of damage (slander, cracking, plastic
deformation of the metal, wear with the formation of grooves) is significantly greater.

It is noted that the grooves in the "B" zone on the body of the striker are less developed
compared to the sleeve. In the "C" zones, intensive wear is observed with the formation of a relief
surface, which is more developed on the body of the striker. Grinding of the original surface in the
form of spots is visible in the "D" zones.

The "N" zone of skirmishes and spades has the appearance of a round spot with a diameter of
about 14 mm, characterized by a smoothed and riveted surface, which passes into a fold-like relief
with a general direction.
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A well-developed relief formed by radial furrows characterizes the "M" zone. At the same
time, at the peak, the degree of development of the relief is higher compared to the battle. Zones "F",
covering about half of the surfaces, are characterized by slander, smoothing of the surfaces.

Some roughness and flaking of the surface layer of the metal is noted at the peak. Zone "E"
shows signs of uniform wear and tear. The upper parts (body and striker) have darker colors of rust
and soot.

On the working surfaces of the tested parts, wear of the surface volumes of metal strengthened
by electrospark treatment is noted (Fig. 4, Fig. 5). Possible cracks; the metal along the walls of the
cracks is smooth, covered with a dense layer of oxides. On the body and sleeve, cracks with a depth
of 0.1-0.3 mm are concentrated in the "B" zones. On the face and peak, cracks of mesh orientation
with a depth of 0.1-0.3 mm are noted in the "N", "M" and "F" zones. The greatest depth of cracks
occurs in the "M" zones - 0.3 mm at the front and 0.1 mm at the peak.

On the working surfaces of all parts, the layer strengthened by electrospark alloying was
preserved only in some areas. On the body and sleeve in zones "B" and "C". thickness from 5 um to
0.01 mm. On the striker and peak, the remains of a layer with a thickness of 30 um to 0.1 mm are
observed only in places on the "F" surfaces. In the "N", "M" and "E" zones, the electrospark doping
layer does not appear.

Fig. 4. Changing the structure of the material Fig. 5. Change in the structure of peak and
of the case and striker, strengthened by sleeve materials strengthened by electrospark
electrospark alloying , x100 alloying , x100

The main metal of all parts of the device directly near the working damaged surfaces
underwent changes in structure and hardness. Peaks are observed in zones "B™ and in zone "C" on
the body and bushing of changes in structure to a depth of 0.1 mm (HV 400-500). There are no
structural changes in zones "A" and "D".

At the peak and peak, there are no structural changes only in the "E" zones. In the "N", "M"
and "F" zones, the depth of the zones of structural changes is 0.1-0.3 mm for the strike and 0.05-0.1
mm for the peak. The hardness of the material in these zones is HV 420-500, peaks HV 400-460. The
structure of metal of troost-martensitic and troost-sorbite types.

The microstructure of the base metal consists of sorbitol. The mechanical properties of the
material of the device parts were determined at a temperature of 20 °C on samples cut in the axial
and tangential directions.
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Since the obtained structure of sorbite was difficult to quantify by traditional methods of
quantitative metallography, it was studied using the theory of fractals [9, 10].

To calculate the fractal dimension D of the hull structure, the striker at an increase of 100 was
calculated according to the classical Hausdorff formula [11]:

. InN(6
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where dis the linear size of the cells covering the structure, N (8)- the number of cells.
The results of the fractal analysis of the structure of the striker body are shown in Fig. 6 -

fig. 9.
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The obtained results make it possible to forecast the strength indicators of the body of the
hydraulic hammer striker based on the fractal dimension of photographs of the microstructure at a

magnification of 100.

Conclusions

1. Electrospark alloying with tungsten and chromium at a processing power of 1 - 1.5 kW
provides local strengthening of the surface volume of the material of parts to a depth of 10 - 40

microns and a hardness of HV 600 - 650.
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2. The results of tests of parts strengthened by electrospark alloying show that the wear
resistance of parts is increased by 1.3 times compared to the original (not subjected to additional
strengthening) version.

3. The locations of the damage zones and their nature on the parts strengthened by electrospark
alloying are identical to those observed on the tested parts manufactured without additional
strengthening and with the use of LTO.

4. The layer strengthened by electrospark alloying is characterized by a significantly greater
degree of damage development compared to the non-reinforced version. On the body and bushing in
the "A" (cut) and "D" (channel) zones, the strengthened layer is almost completely worn out, in the
remaining zones, only the remains of the electrospark alloying layer with a thickness of 5 um to 0.01
m have been preserved. On the strikers, the remains of the electrospark alloying layer of the same
thickness are noted only in the "F" zone.

5. The structural changes that occur during the tests 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.

6. The relationship between the fractal dimension of the sorbite structure and the strength
characteristics was established, which allows us to use the obtained results as a non-destructive
method of controlling the strength of parts after electrospark alloying.
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HIJIBUIEHHA EKCILTYATAIIMHUX BJACTUBOCTEN YABYHHUX I'/1b3
BJIOKIB IIUJITH/IPIB®

Kpugsenko A.A., crynent rpynu MC-21-22
XapkiBcbKHH HAlliIOHAJILHUH aBTOMOOIIbHO-10POKHiN YHIBepcHTET

Anomayia. /[[na eucomognenms 2inb3u YuiiHOpi6 3aNPONOHOBAHO BUKOPUCMOBYBAMU YABVH,
J1e208aHUll HIKeNeM, XPOMOM, MIOOI, MONIOOEHOM, BAHADIEM, MUMAHOM, WO 3d0e3neyye Ni0suULeHHs
3HOCOCMIUKOCMI. /[l NiO8UWEHHS eKCNILyamayiuHux 61acmu8ocmel 6HYmpiuHIO NOBEPXHIO 2ilb3U
3aNPONOHOBAHO NIO0ABAMU  HU3LKOMeEMNepamypHill HimpoyemeHmayii i MOHKOMY HIACTUYHOMY
oehopmysaniio 8i0YeHmMpo8oio 0O6PoOKOIO.

Knrouoei cnoea: cipuii uagyn, ne2y8anms, HimpoyemeHmayis, moHKe niacmuyre 0e@opmy8anHs.

INCREASE OF OPERATIONAL PROPERTIES CAST IRON SLEEVES OF CYLINDER
BLOCKS

Krivenko A., student of group MC-21-22
Kharkiv National Automobile and Highway University

Abstract. It is proposed to use cast iron alloyed with nickel, chromium, copper, molybdenum,
vanadium, and titanium for the manufacture of cylinder liners, which provides increased wear
resistance.. To improve operational properties, it is proposed to subject the inner surface of the sleeve
to low-temperature nitrocementation and fine plastic deformation by centrifugal treatment.

Key words: gray cast iron, alloying, nitrocementing, fine plastic deformation.

Beryn

Haii0i1p11 BaXJIMBUM BY3JI0M JJIs1 HAAIHHOI pOOOTH TU3E€IBHOTO0 aBTOMOOIIBHOTO ABUTYHA €
umitiHapo-nopurHena rpyna (LIII), nerani sixkoi npaitoroTh B yMOBax BUCOKHUX TEMIIEPATYp 1 TUCKIB,
TEpTsl, 3HOLIYBaHHs, KOPO31HUX BIUIMBIB. OJHA 3 HAWOUIbII HAaBAHTAXEHUX Jl€Talel JBUTyHA —
riJIb3a HWTIHpa (BTYJIKA HMIIHAPIB). {7 3a0e3neueHHs TpUBaIol 1 HaAiiHOI poOOTH IBUTYHA T'JIb3a
IWIIIHIPIiB MOBUHHA MAaTH BUCOKHI PiBEHb EKCIUTyaTalliiHUX BIacTUBOCTEH [1].

Ananiz nyGaikamii

Ha pomnto BTy0K HMIIIHAPIB Uepe3 BIUIUB BUCOKUX MEXAHIYHUX Ta TEIUIOBUX HABaHTa)KEHb
MpuIajiae 3Ha4yHa yacTUHA BiAMOB ABUTYHIB [ 1] (puc. 1). Ilapa rinp3a nuninapa — NOpIIHeBe KiIbIle
MPALIOe MPU HECTAllIOHAPHUX TEIUIOBHX, HABAHTAXKYBAIbHUX, IIBUIKICHUX PEXHMaX, MACISHOMY
roJIoyBaHHi, Jii aOpa3uBHOIO Ta ra30BUX CEPEIOBHUII], BAHUKHEHHI MIKPOCXOIUIIOBAaHHS 3 PI3HOIO
IHTEHCUBHICTIO pylHHYBaHHS. Taki yMOBH pOOOTH CYyNpOBOKYIOTh HE3BOPOTHI MPOIIECH BTOMH Ta
KPUXKOCTI, III0 BiJOYBalOThCSI B TOHKUX IMOBEPXHEBUX ILIApaX.

V mpotieci ekcrutyaraniii IBUTYHIB Ha MMOBEPXHAX, L0 TPYThCA, MPOTIKAIOTh CKJIaIHI (i3UKO-
XIMI4HI TIPOIECH, 1110 TPU3BOAATH /10 3HOCY 1 pyHHYBaHHS iX OBEPXHEBOIO IIapy, TOOTO 0 3MiHU
PO3MipiB Ta reoMeTpii crolydeHuX jAeraneld. XapakTep NPOTIKaHHS IHUX MPOLECIB, Y CBOIO Yepry,
BHU3HAUa€ MOKA3HUKH MOTYKHOCTI Ta €KOHOMIYHI IMOKa3HUKHM poOOoTH aBUryHa. Haltbinpmumii BruB

® Po6oTa BuKOHAHA ITiJ KepiBHUITBOM HoueHTa Jlanasaposoi H.O.
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13 30BHILIHIX (DAKTOPIB HA IHTEHCHBHE MPOTIKAHHS 3HOIIYBaHHA 32 PAXYHOK MiKPOCXOIUTIOBAHHS Ma€e
HasBHICTh 3MAIIICHHS Ta TEMIeparypa B 30HI (PUKIIIHHOTO KOHTAKTY. 3aJIe)KHO BiJ BIACTHMBOCTEH
MaTepialliB Ta YMOB TepTs 1€l BUJ 3HOIIYBAaHHA MOJKE IMPOTIKATH HA AaTOMapHOMY, 10HHOMY,
CyOMiKpO- Ta MakKpOpIBHSAX 3 PI3HOI IHTCHCHBHICTIO, JOCSTAlO4YM B E€KCTPEMAIbHOMY BHUIIAJIKy
KaTactpodiuHoi popmu — 3amupa [2].

Pucynoxk 1 — I'inp3a muniHapiB (MUJIIHAPOBA BTYJIKA)

Taxkum 4MHOM, BUXOJSYH 3 pEAIbHUX YMOB €KCILTyaTallii ABUT'YHIB BHYTPIIIHBOTO 3rOPSIHHSA,
BHUMOTH JIO TUUTh3 HWTIHPIB MOXKHA C(OPMYITIOBATH HACTYITHUM YHHOM: BHCOKA MEXaHI4YHa, CTATUYHA
Ta BTOMHA MIITHICTh, BUCOKA 3HOCOCTIMKICTh Ta HU3bKHH KOCQILIEHT TEPTS; KOPO3iiiHa CTIHKICTb;
TEXHOJIOTIYHICTh OJIepKAaHHS 3aTOTOBOK.

Y mpakTuIili  CBITOBOrO JBUTYHOOYIYyBaHHS Ui TiIb3 IWIHAPIB SK MaTepiaiu
3aCTOCOBYIOThCA: y (hOpCOBaHMX MIBUIKOXIIHUX JBUTYHaxX cTtayi mapok 35XMIOA, 38XMIOA 3
a30TOBaHOIO MOBepxHelo, craimi 45 abo 40X 3 XpOMOBaHOIO TOBEPXHEIO; Cipi, JEroBaHi Ta
BHUCOKOMII[HI YaByHH Ta iHIIi Matepianu [3]. YaByH Kpaliie 3a iHIIIi MaTepiain 3aJ0BOJIbHSIE BUMOTaM,
10 TPEA'ABISIOTHCS 10 JeTalel IIIHAPO-TIOPIIHEBOI TPYIIH, SIKi PAIIOIOTh B YMOBaX IPaHUYHOTO
3MallyBaHHS.

JIy1st BUTOTOBJICHHS IIMJTIHAPUYHOT 3aTOTOBKHM YaBYHHOT TUIb3H IHJIIHJIPIB BUKOPUCTOBYIOTH
METOJ BIJIIEHTPOBOTO JIUTTSA, SIKUM HIMPOKO 3aCTOCOBYETHCS NPU OTPUMAHHI JHUTUX 3arOTOBOK
NeTaneu, mo MarTh Gopmy TiJ1 00epTaHHS.

JUis BUTOTOBJIEHHS T1/1b3 LMJIIHJPIB BUKOPUCTOBYIOTH CipU HeNeroBaHUIl 4aByH, Cipuit
JIETOBaHUM YaBYH, BUCOKOMIIIHUI 4aByH 3 KyssgcTuM rpadirom. Cipuil yaByH mae 100pi JIMBapHi
BJIACTUBOCTI — BUCOKY PIAKOTEKYUYICTh, SIKa JO3BOJISE OJICPKYBATH BUIIUBKH 3 TOBIIIUHOIO CTIHOK 2 —
3 mm, mainty yeanky (0,9 — 1,3 %), mo 3abe3neuye OTpUMaHHs BUJIMBKIB 0€3 MOPUCTOCTI, TPIIIKH,
yCaJIKOBHX pakoBUH [4].

Jns neranedd, 1m0 BUTOTOBJIEHI 3 CIPOr0 YaBYHY, XapaKTE€pHI BHCOKI aHTH(QPUKIIHHI
BJIACTMBOCTI (HasBHICTh TpadiTy IMOKpallye yMOBHU 3MalleHHs NpH TepTi). A cipuil 4aByH 3
NEPIITHOI0 MATPUIIEI0 Ma€ TAKOX JOCUTh BHCOKY MIIHICTb. 3 YCIX BUIB 4YaBYHIB Cipuil Mae
HaWHWX4Yy BapTICTh.

3aj1e’kKHO BiJl yMOB pOOOTH ABUT'YHA, HOT0 KOHCTPYKIIIi Ta HABAaHTAXEHOCTI JUIsi BATOTOBJICHHS
T'1JIb3 3aCTOCOBYIOTh HU3HKOJIETOBAaHUI YaBYH HACTYITHHUX CKJIAMIIB:

a) ['i1p3u aBTOMOOUTBHUX KapOIOpaTOpHUX JIBUTYHIB MAIllUH CEPEAHbOI HABAHTAXKEHOCTI
BIJUTMBAIOTH 3 HU3BKOJIETOBAHOTO YaByHY, 1o Mictuth 0,3-0,5 % Cr, 0,2-0,3 % Ni, mo 0,6 % Cu, 0,3-
0,6 % Mo, 0,1-0,6 %.

6) ['inp3u 15 popcoBaHMX KapOIOPATOPHUX JBUTYHIB BXKKOHABAHTAKEHUX MAIlIMH, a TAKOXK
JUI TU3ENIbHUX JIBUTYHIB BIIJIMBAIOTHh 13 HU3BKOJETOBAHOTO YaBYHY 3 OUIBII BHCOKUM BMICTOM
neryrounx enemeHTiB. Ckiaa 4YaByHY BIAPIZHSETbCS NPU LBOMY MIBUIIEHUM BMICTOM TaKHUX
JIETYIOYUX eIeMEeHTIB K XpoM (10 1,5 %), momibaen (1o 1,0 %), docdop (1o 0,9 %).

B) BucoxoneroBanuii cipuii yaByH. [[is cyTT€BOro MiABHMINEHHS 3HOCOCTIHKOCTI Tijib3
LWITIH/PIB aBTOMOOUIBHUX KapOIOpaTOPHUX JIBUTYHIB YacTO 3aCTOCOBYIOTH ayCTEHITHHH YaBYH.
[IInpoxke 3acTOoCyBaHHS 3HANIIIOB ayCTEHITHUHN HIKEIbMEIUCTO-XPOMUCTHI YaBYH THUITY HUPE3HUCT.
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HaiiGinbpie BUKOPUCTaHHS 3HAXOIATh HU3bKOJIETOBaH] YaBYHHU.

TakuM YMHOM Ha OCHOBI MPOBEACHOTO aHAJI3Y JUIS TUIb3HM MIIIHIPIB JU3EIbHUX JBUTYHIB
aBTOMOOUTIB MO’KHA PEKOMEH/IyBaTH CipHil HU3bKOJIETOBAHUH YaBYH 3 IUIACTUHYACTUM TpadiTom.

He3Bakaroun Ha TMOCTiHHE BJIOCKOHAJCHHS KOHCTPYKIIA JBUTYHIB, TEXHOJIOTIl iX
BHPOOHUIITBA TA PEMOHTY, MUTAHHS ITiABUIEHHS 3HOCOCTIHKOCTI JAeTajeil MUIiHIPO -IIOPITHEBOT
TIPYIH MPOJIOBXKYIOTh IKABUTH JOCTITHUKIB Ta MPakTHKiB. [loBepxHeBe 3MIITHEHHS 3/111ICHIOIOTh:
MOBEPXHEBUM IHAYKUIMHUM TapTyBaHHAM, Ja3epHOI OOpOOKOIO, Ja3epHUM JIETYBaHHSM,
XpPOMYBaHHAM, IUIa3MOBOIO OOPOOKOI0 Ta IHIIMMH MeTojaaMu [S5]. BuIblIicTh 3MIIHIOBAIBLHUX
TEXHOJNOT1H ToTpedye MAJii CBOrO 3AIMCHEHHS HArpiBy /O BiJIHOCHO BHCOKHX TEMIIEparyp,
pe3yJabTaTOM dYOro € HebaxkaHi CTPYKTYpHI 3MiHM Marepiady BHpPOOiB, sKI HaWdvacTime
CYIIPOBOJUKYIOTBCSI 3HAUHUMH O0'€MHMMHU €(eKTaMHu, IO 3PEIITOI0 MOTIPIIy€e SKICTh METaly i
MPU3BOJIUTH JI0 3MiH T€OMETPUYHUX PO3MIpiB 00poOroBanuX BUpoOiB. [Ipu peanizamii 3a3HaueHnX
METO/IiB 3MIIIHEHHSI HEMUHYYE 3POCTAIOTh JIOJIATKOBI CHEPTOBUTPATH Ta MOJOBXKYIOTHCS MPOIECH
TEPMIYHOT Ta TEPMOXIMIYHOI OOPOOKH.

Meta po6oTH i 3aBIaHHS

MeTtor po0OTH € MIABUIIEHHS EKCIUTyaTalliliHUX BIACTHBOCTEH Tib3 IHHIIHIPIB 3 CIPOrO
YaByHy, IIO MPAIIOIOTh B YMOBaX BHCOKUX TEMIIEpAaTyp i THCKIiB, T€pPTA 1 KOPO3IHHOTO BILIUBY,
JIETYBaHHSM, XIMIKO-TEPMIUHOK 0OPOOKOIO 1 TOHKUM MMOBEPXHEBUM IUTACTUYHUM Je(OPMYyBaHHSIM.

st nocsirHeHHst i€l MeTr OyJin TOCTaBIICH] Ta BUPILICH] HACTYITHI 3aBIaHHS:

— BHUBYCHHS YMOB POOOTH YaBYHHOI T'UTb3M IWIIHAPIB JBUTYHIB JOPOKHBO-OYiBEIbHUX
MalIlH, 0COOJIMBOCTEH mpoliecy i1 3HOIIYBaHHS;

— aHaJIi3 METO/IB IMiJBUIIEHHS 3HOCOCTIHKOCTI T'UTh3 IMIIHAPIB i3 CIpOTo YaByHY;

BUOIp XIMIYHOTO CKJIQJy YaBYHY;

- JOCHIJUKEHHsT ~ CTPYKTYpH 1  BJIacCTUBOCTEH  NMOBEPXHEBOrO  IIapy  Micis
HITPOIIEMEHTAIIIT;

- JOCHIJUKeHHs. BIUIMBY (DIHIIIHOTO IUIACTUYHOTO JAe(OopMyBaHHS BHYTPIIIHBOT
MOBEPXHI T'JIb3HU Ha SIKICTh.

MarepiaJj i MeTOAU TOCTiTKEHHS

JUis 111631 IU3€JIBHOTO ABUTYHA 00paid HU3bKOJIErOBaHUN YaBYH HACTYIHOTO cKiany, %: C
3,0..34; Si 1,9..2,1; P no 0,1; Mn 0,7...0,9; Cr 0,45...0,60; Ni 0,20...0,40; Mo 0,25...0,45; Cu
0,5..0,8; V 0,05...0,15; S a0 0,12, Ti 0,1...0,2. XiMiuHu# CKJIaJ BU3HAYAIW HA MMOPTATHBHOMY
nazepHoMy aHamizaropi Laser Z200 C+.

JlocmipkeHHsT MIKPOCTPYKTYpPH 4aBYHY MpPOBOJWIMCA Ha ONTHYHOMY LU(POBOMY
MIKpPOCKOITI.

MakpoTBepicTh BUMIpIOBaIM Ha TBepAoMipi Poksera 3a mkanoro «C», MIKPOTBEPAICTh —
Ha MikpoTBepAoMipi [IMT-3 anma3zHo0 HOTHPUTPAHHOIO MIPaMiJIOK0 1 HaBaHTakeHHAM 50 T.

Hitpouemenrartito 3aificHioBanu B 1maxTHii enektpornedi CIIIM-6.10/11 B pigkomy
cepenoBuili TpieraHonaminy — (C2HsOH)3;N. Tpieranonamin npu temmeparypi Bume 500 °C
PO3KIIAJIA€THCA 3 BUAUICHHIM METaHy, IIMaHICTOTO BOJIHIO, OKHCY BYTJICIIIO 1 BOJIHIO.

3pa3ku 3 4aByHY Ui HITpOIIEMEHTalli 3aBaHTaXyBalM B Miub, Ky HarpiBaiau ao 560 °C,
IICJIsl HAarpiBY MOYMHAIM [10/1aBaTH TpieTaHoJaMiH. Yac BUAEPKKH MTPH L1H TeMieparypi — 4 TOAUHH.
[Ticnsa oxonomxenHi nedi g0 350 °C TpieTaHoMaMiH 3aKIHUYBaJIH IMOJABATH 1 3pa3Ki BUMMAIIA 3 TIEYi.
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Pe3yabTaTn noc/iazkeHHs

Ha ocHOBI aHamizy XIMIYHOTO CKJIaJy CIpUX 4YaBYHIB, $Ki BUKOPUCTOBYIOTHCS JIJIst
BUTOTOBJICHHSI T1JIb3 LWJIIHIPIB JWU3EIbHUX IBUTYHIB, 3aIPOINIOHOBAHUI KOMILIEKCHO JICTOBaHUN
cipuii 4aByH MiABHINEHOI 3HOCOCTIMKOCTI. Taki enementy, sik V, Mo, Cr, Ti cipusitots opMyBaHHIO
3HOCOCTIMKMX KapOifiB. BxIIIOYEeHHS Mill /0 KOMIUIEKCY JIETYIOUHX €JIEMEHTIB J03BOJISIE
HelTpanizyBaTH Bigoumoounii BrumB V, Mo, Cr. Mifb, yTBOPIOIOYH TBEPIUIl PO3UUH 3aMIIICHHS,
nerye ¢heput. Y Mipy HOro 3MIITHEHHS 3pOCTAa€ TBEPICTh Ta MIIIHICTh YaBYHY.

MikpocTpyKTypa Ciporo 4aByHy B JIMTOMY CTaHi CKJIaJa€Tbcs 3 JIpiOHOIUIACTHHYACTOTO
nepiity, Gepury, HEBEIMKUX MIISHOK MONBIHHOT (ocdinHoi eBTeKTHKU (pUC. 1) 1 BKIIOYCHB
IJIACTUHYACTOTrO rpadiTy cepeaHboi BeTudrnHu 3aBuxpeHoi ¢popmu — [1T'H2.

Mixkpotsepaicts nepinity Hsp=1550-2220 Ml]a.

Pucynok 1 — MikpocTpykTypa 4yaByHy B 1uToMy cTaHi, x300

3 BUIIEBUKIAJEHOTO CTAalOTh OYEBMJIHUMM IepeBaru HHU3BKOTEMIEpPAaTYypPHHUX MPOILECIB
MOBEPXHEBOro 3MilHEHHs. Yeped Mmany Judy3iiiHy pyXJIUBICTH €JIEMEHTIB MNpPU 3HUKEHHUX
TeMmIepaTypax 0 yBard MOKyTb IMPUUMATHCS JMIIE METOAM HACHUEHHs TaKUMH €JIeMEHTaMH, sKi
MIPOHUKAIOTh Y METAJIEBY OCHOBY HE TUIbKU AUQPY31HHUM, a i peakiiiHUM IUIIXOM, YTBOPIOIOUU
CMOJIYKH MK aTOMaMU OCHOBM Ta aTOMaMM IOBEPXHEBO-JIETYIOUOTO €JIeMEeHTa. Y I[bOMY BUIAJKY
WIeThCs TIepII 3a BCE MPO a30T Ta BYIUIClb, sIKI 37aTHI HaBITH MpHU Temmeparypi Hkde 600 °C
YTBOPIOBATHU 13 3aJ1i30M Ta IHIIMMM JIETYIOUMMHU €JI€MEHTaMH, 110 BXOJATh JO CKJIady cTami abo
YaByHY, CIIOJIYKH y BUTJISA1 KapOidiB, HITPUAIB, KApOOHITPUIIB.

B HactynHuit yac Bce OibIle 3HaX0Th BUKOPUCTaHHS KOMOIHOBaH1 METOAM ITOBEPXHEBOTO
3MilHEeHHA. JlaBHO BHKOPHCTOBYETHCS B IPOMHCIIOBOCTI a30TyBaHHS TUIb3 MMHAPIB. OgHAK
a30TOBaHMH 11ap Mae MiJBUILEHY KPUXKICThb. B po0oTi 3pa3ku ciporo 4aByHy 0yJI0 3alIpOINOHOBAHO
MiI1aBaTH HU3bKOTEMIIEPATYPHIil HiTporieMeHTarii [5].

HitponiemenTariiro jgeraieir mpoBomwim mpu Temmepatypi 540 — 600 °C i tucky 3-7 atm
npotsirom 50-60 XB B repMeTHUHIN pPeTopTi, AKy 3aBaHTAXYIOTh B M4 TaKUM YMHOM: PETOPTH 3
XIMIYHUM pEaKTUBOM 1 00pOOIIOBaHUMH JI€TATSIMU 3HaXOUTHCS B HArPiBaJIbHIN 30H1 TIedl, a KpUILIKa
peTopTu Mo3a Hew, NpUYoMy poOounii BiICIK OOMEXEHMH 30BHINIHBOIO 1 Xo4ya O OfHi€l0
BHYTPILIHIMU CTIHKAMH PETOPTH.

[Ipu HiTpoueMeHTalLlli JeTaneil i3 ciporo yaByHYy 3 BHKOPUCTAHHAM B SIKOCTI XIMIYHOTO
peaktuBy, Hanpukiaa, kapoaminy (CO(NH2)2), BinOyBaeTbcst OlHOYACHE HACHYCHHS YaBYHY a30TOM
1 ByIJIereMm, 110 yTBOPIOIOTHCS B pe3yJIbTaTi Mipoiiizy KapOamiay Ta Aucomialii aMmiaky:

CO(NH2)2 - CO+NH3+0,5H2+0,5N2; NH3 — N+3H; 2CO — CO2+C
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Buxonyroun mnporec npu temneparypi 540-600 °C 1 miaBumnyrouum, B TIOPIBHSHHI 3
aTMOC(epHUM, HAJUIMIIKOBHA THCK 70 3-7 aTM B CEpENOBHIII Mipoji3y KapOamimy, CHOpUSIOTH
iHTeHcudikarii abcopOIIHHUX MPOIIECIB HA MOBEPXHI 0OPOOITFOBAHUX JIeTalICH, Ha Kl BiIOyBa€eThCS
OUTBII IHTEHCUBHE 3POCTAaHHS KOHIEHTpAlii HACHMYYIOUOTO EJIEMEHTa, IO CIpHs€E 30UIbLICHHIO
rpajJiieHTa KOHIIEHTpaIlii Ta BIJIMOBIIHO NMpUCKOpeHHIO Mudy3iiHuX mporeci. [Ipu migBumeHH1
TUCKY HACHYYBAJIBHOTO CEPEIOBHINA 301IBIIYETHCS PO3UYMHHICTD a30Ty B MeTalli, BHACIIAOK YOTO
MIPUCKOPIOETHCS TIPOIIEC YTBOPECHHsI 30iJHEHOT a30TOM 30HM BHYTPIIIHBOTO a30TyBaHHS Ta
YHOBUIBHIOETHCS (HOpMyBaHHs 30arayeHUX a30TOM HITPUAHUX Ta KApOOHITPUAHUX 30H Ha OCHOBI '~
¢asu, siKa siBisie co0010 TBepAMiA po3uuH Ha 6a3i HiTpuxy FesN, i e-pa3u Ha 6a3i kapOoHiTpugy Fez-
3(N,C). B pesyiabrari i30TepMi4HOI BHAEPKKH B IOBEPXHEBHMX IIapax acTajcii (GopMyeTbes
muQy31iHUH map 3 pO3MUPEHOI0 30HOI0 BHYTPIIIHBOTO a30TYBaHHS Ha OCHOBI oi-(a3u (1ie TBepAuii
po3uuH a3oTy B a-Fe) 3 okpeMHMH HITPUAHUMHU Ta KapOOHITPHUIHUMH BKJIIOYEHHSIMH 3aji3a Ta
Jeryrounx eneMeHTiB mmouHoro 120-150 MkM 1 3ByXeHO J0 2-4 MKM Yy TOBEpXHI Jerani i
MIPOHHUKAIOYOI0 Y3JIOBXK IUIACTHHYACTUX TIpaiTOBUX BKIIOYEHb HITPHIHOIO 30HOIO HA OCHOBI Y'-
($ha3m, 1m0 IPU3BOAUTH JO MiIBUIEHHS 3HOCOCTIMKOCTI JIeTall.

MikpocTpyKTypa 3MIITHEHOTO Iapy HaBe[eHa Ha puc. 2. Ha moBepxHi 100pe BUAHUH CBITINN
iap, 1o MiCTUTh HITPHUIHI Ta KApOOHITPHIHI BKIIOYCHHSI 3aJTi3a Ta JETYIOUHUX €JIEMEHTIB, Ki MalOTh
I00puit omip 3HOCY 1 MEHII KpUXKi, HiX yrcTi KapOian FesC abo mitpumu FexN.

Pucynok 2 — MikpocTpyKTypa HITPOLIEMEHTOBAHOTO IIapy Ha cipomy 4aByHi, x200

[Tpu 3amaHuX ymMOBaxX HHM3bKOTEMIIEpaTypHOI HITpoLleMEeHTallli MIHOMHA 3MIIIHEHOTO LIapy
nocsirae 0,12—0,15 mm. MikpoTBepaicTe 3MinHeHOTO mapy Hso=6870-7340 MIla. ap, skwmii
YTBOPHUBCSI TiCJIsI HITPOLIEMEHTAIIl He Ma€e MOPUCTOCTI Ha BiMIHY BiJ Njuj, sikuii GpopMyeThes mpu
a30TyBaHHI.

HuspkoTemrieparypHa HITPOIIEMEHTAIliSi Ma€ pPsill TepeBar mnepel] a30TYyBaHHSM: CYTTEBO
M1BHIY€ TBEPIICTh MOBEPXHEBOTO MIAPY 33 paXyHOK YTBOPEHHS KapOOHITPU/IiB, O1TbIIIA IIBUIKICT
MpoLlecy HAacUYEHHs Inapy (IpHU OJHAKOBIA TemrepaTypl) yepe3 aKTHBYIOUY [iI0 a30Ty, MEHII
KPUXKHUIA 3MILIHEHHH 11ap, BUCOKA BTOMHA MIIIHICTh, BUCOKA 3aJUPOCTIHKICTh, TPAKTUYHO BiJCYTHE
KopoOsieHHs BHpoOiB. Kopo3iiiHa CTIMKICTh HITPOLIEMEHTOBAHOTO Ciporo 4aByHy B 10 pa3iB Bulie
KOpPO3iiHO1 CTIMKOCTI IUTOTO ciporo 4aByHy [6].

VY BupinieHHi npoOyieMu 3MEHILIEHHSI BUTpAT MajluBa, MiABUILEHHS 3HOCOCTIMKOCTI JeTanen
LWTIHPO-TIOPIIHEBOT TPYNHU JBUIYHA, a B IIJIOMY MiJBUIIEHHS pecypcy poOOTH Ta HaliifHOCTI
IU3ensl, BEJIMKE 3HAUEHHS Ma€ TEXHOJIOTIYHE 3a0e3Ne4eHHs MOKPAILEHHS SKOCTI BUTOTOBJICHHS
rine3u. TexHonoriuyHe 3a0e3nedyeHHsl SKOCTI MOBEPXHI JeTajl CyTT€BUM YMHOM BIUIMBAa€ Ha il
eKCIUTyaTaliiiHi BIACTUBOCTI, 1110 y CBOIO Yepry, 3ajieXkaTh BiJl MIKPO- Ta MaKpOpeIbe]y MOBEPXHI.
B po6oti Oyn0 3amporoHOBaHO 3aMiCTh XOHIHTYBaHHS, IO 3aCTOCOBYETHCS, MPOBOJUTH TOHKE
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IUTaCTHYHE Ae(hOpMyBaHHS CTAIIEBUMH KYJISIMU 32 JTOIIOMOTO0 3MIITHIOI0YO1 BiALIEHTPOBOI 0OpOOKH
(3BO) [7].

OcobnuBicTs npouecy 3BO mosirae B ToMy, 10 cTaneBi Kyii (IHASHTOPH) BIUIMBAIOTH Ha
00po0IIIOBaHy MOBEPXHS MiJA JTI€EI0 CTPYMEHIB CTUCHEHOTO IMOBITps, repe0yBaloyl B KiIbLIEBOMY
BUXPOBOMY TOTOLI 1 3AIMCHIOIOUM BiJbHI BIOPOKOJHMBAHHSA TMPH iX KPYrOBOMY OOEpTaIbHOMY
MepeMilieHH] II0J10 MO3/I0BXHbOI 0ci 3aroToBkU (puc. 3). [Ipu npomy BinOyBaeThes nedopMmaliiine
3MIIIHEHHS MMOBEPXHI Ha Ayxe many BenuuuHy (< 0,06 MM) (110 Aye BaKIUBO JJIsi HOPMATbHHUX
YMOB POOOTH MapH CyXOro 1 HAaIBCYyXOro TEPTS TIb3a-TOPITHEBE KUIBIIEC), CTBOPIOIOYN ONTUMAIbHI
(piBHOBaXKH1) YMOBH HIOPCTKOCTI MOBepXHi (puc. 4). binbiie Toro, mpouec crae nepeBaXHUM s
¢ininHOT 00pOOKHM HE KOPCTKUX JIeTajel, sikoto € rinp3a [IB3, He moripuryeThess MakporeoMeTpis
r'iJIb31, OTPUMaHa Ha Olepallii HalmiBYUCTOBOTO XOHIHTyBaHHSI.

1 — xopnyc; 2, 3 — aucku; 4 — raiiku; 5 — BTynKa; 6 — OCbOBUH KaHai, 7 — riib3a 0J0Ky
HWIIHIAPIB; & — TaHTeHlINHI coma; 9 — kyini; 10 — kamepa po3IupeHHs
Pucynok 3 — Cxema iHcTpyMeHTy A 3MitHIor0401 3BO rine3 B3 [7]

JlokanbHUI KOPOTKOYACHUN BIUTUB JE(POPMYIOUHX KYJIb Y PEKUMI aBTOKOJIHUBAIBHOTO PYXY
Ha MIKpOHEpIBHOCTI B PI3HUX HAaNpsMKax, 3TAHO AMCIOKALINHOI Teopii, crpusie 30UIbIIEHHIO
IUIOIIMH KOB3aHHS B OJOKAax B PI3HUX HampsIMKax 1 3MEHIICHHIO ONOpY PO3BUTKY JUKepel
nedopmarrii.

B pesyibrati 11bOro NOBEPXHS BUXOAUTH HE PO3IMYILEHO0, a MUIbHOKW. MIKpOTPIIMHU SK
KOHILEHTPAaTOpU HaNpyXeHb, OTPUMaHI Ha TMoONepenHid omepaunii (XOHIHTYBaHHS), OYIyTb
«3aJIIKOBYBATHUCS.

3anpornoHOBaHO MPOBOJIUTH OOPOOKY IUIACTUYHUM Je(POpPMyBaHHAM 3aMICTh UYHUCTOBOTO
XOHIHTYBaHH MiCJIs 3MIIIHIOIY0i 00poOku. Pexxumu npouecy 3BO: THCK CTHCHEHOTO MOBITPS Ha
BXOJIi B OCBOBY MOpOokHUHY iHCTpyMeHTy P = 0,25 ... 0,35 MIla, xBunmaHa mogaya sxs = 100 ... 150
MM / XB, KUIBKICTb XO/I1B IHCTPYMEHTY 1 = 1.

[opcTkicTh MOBEPXHI T3 Mmicis 3MinHio0Y0i 3BO ckirana g0 Ra = 0,63 — 0,32 MM, a
BITHOCHA OTMIOPHA JOBXHHA podito tpso = 85 %, 1110 BiANOBIIA€ TEXHIYHUM BUMOTaM.
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#const

Pucynox 4 — Cxema CUJIOBOTO BILUTUBY JI€(pOPMYIOUHX €JIE€MEHTIB Ha BUX1IHUHN
mikpopenbed npu 3BO [7]

Mikponpodinb, crBoperuid 3BO, 3rimHO JiTepaTypHUM JaHUM, 3a0€31eYye BHCOKY
MacJIOEMHICTh po6odoi moBepxHi Ha piBHi 0,008 — 0,041 mm® /em? [2].

PesynpraTi BuUIpoOyBaHb 3HOCOCTIMKOCTI 3pa3KiB YaBYHY B JIMTOMY CTaHl Ta Ticid
HiTpolleMeHTalii 1 (pIHIIIHOrO 3MIIIHEHHS MOBEPXHEBUM IUIACTUYHUM J1e(OPMYBaHHIM HaBe/IEHI B
Tadm. 1.

YaByH B NUTOMY CTaHi micis HiTpouemeHTanii Ta 3BO Mae BHCOKY 3HOCOCTIMKICTB, IO
3a0e3MeuyeThCsi BUCOKOK TBEPIICTIO HITPUIHUX Ta KapOOHITPUIHUX BKIIIOYEHb, Ta (PIHIIIHOIO
00poOKOI0, sIKa CTBOPIOE CreLiaTbHUN MIKpOpeabed.

Tabmuus 1 — 3HocHI BUNIPOOYBaHHS B 3aJIEXKHOCTI BiJ CTaHY CIpOTO YaBYHY

Howmep 3pa3ka i cTaH yaByHy Brpara macu, T
Cipuii yaByH B iuToMy cTadi micis 3BO 12,21
Cipuii yaByH B JIUTOMY CTaHi Micys HiTpoueMeHTauii Ta 3BO 0,25

XiMiko-TepMiuyHa 00poOKa — HITPOLIEMEHTALlisl — CYyTTEBO 301IbIITY€ 3HOCOCTIMKICTh BUPOOIB
13 cIporo 4yaByHYy B TNO€JHAHHI 3 (IHIIIHUM TOHKUM IUIaCTUYHUM JAedopmyBaHHAIM. Bucoky
e(eKTUBHICTh HITPOLIEMEHTAIIil MOYKHA MOSCHUTH HASBHICTIO TBEPJHMX Ta 3HOCOCTIMKMX HITPUIHUX
Ta KapOoHiTpuaHux ¢(a3. HemonmikoM HiTpolieMeHTAllli € Maja TOBIIMHA 3MILHEHOro Iapy, a
NepeBarolo - MiJBUILEHHS KOPO31HHOI CTIIKOCTI.

BucHoBku

1. Tinp3a wWIiHApa TMpalroe NOpU HECTAl[lOHAPHUX TEIUIOBUX, HaBaHTaXyBaJIbHHUX,
HIBUAKICHUX PEXKHUMax, MAaciAsSHOMY TOJOAYyBaHHI, [11i aOpa3sMBHOTO Ta Ta30BHX CEPEIOBHII,
BUHUKHEHHI MIKPOCXOIUTIOBaHHS 3 pI3HOIO IHTEHCHBHICTIO PYHHYBaHHS, IO CYNPOBOIXKYIOTh
HE3BOPOTHI MTPOIIECH BTOMH Ta KPUXKOCTI, 5K BITOYBAIOTHCSA B TOHKHX ITOBEPXHEBUX IIapax.
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2. Buxopasuu 3 yMOB poOOTH Tiib3a IMJIIHAPIB TOBUHHA MAaTH: BUCOKY MEXaHIYHY, CTATUYHY
Ta BTOMHY MIIHICTh; KaBiTaIlIHY Ta TEPMOIMKIIIYHY CTIHKICTh; BHCOKY 3HOCOCTIWKICTh Ta HU3bKHI
KOCQIIIEHT TePTs; KOPO3IHHY CTIHKICTb.

3. 1711 BUTOTOBIICHHS TUIh3W JBUTYHA 3aIPOIIOHOBAHO BUKOPHCTOBYBATH HU3bKOJICTOBAHHIA
cipuii YaByH, SIKH{ MICTUTh HIKEJb, XpOM, MiJib, MOJIIO/ICH, BAHA/Iii, TUTAH.

4. HwuspkoTemmepaTypHa HITPOLIEMEHTAIlsl 1 TOHKE IJIaCTHYHE JAehOpPMYBaHHS IiABHUIILYE
TBEPMAICTh 1 3HOCOCTIHKICTh. BHUCOKa 3HOCOCTIHKICTH MOSICHIOETHCS HASBHICTIO HITPUIHUX Ta
KapOOHITPUIHUX BKIIFOYCHb, SIKI MAlOTh BUCOKY TBEPAICTh, Ta 30€pEKCHHSAM BKIIOUYCHB (PocdigHol
€BTEKTHUKH.
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JOCAIIKEHHSA BILIUBY IIJIA3BMOBOTI'O ITIOKPUTTS HA CTIMKICTD
METAJIEBUX ®OPM’

IyTtiBcbkuii A. O., cryaent rpynu MC-11-23
XapkiBcbKHH HAlIOHAJILHUI AaBTOMOOITbHO-10POKHiN YHIBepcHTET

Anomauin. 3anpononmogani cmani, wo Mmodxcyme 3aminumu cmaine 3X2B8 3a mepmiunoro
sumpueanicmio. Bcmanoeneno, wo HaHecewHs NIAZMOB8020 NOKPUMMA CYMMEBO NIOGUULYE
eKCNLyamayitiHi Xapakxmepucmukyu cmaieu-3aMiHHUKIS.

Kniwowuosi cnoea: mepmiuna eumpuganicms, KOpO3IUHA CMIUKICMb, KLILKICMb MepMOYUKIIS,
NIaA3MO8e NOKPUMMIAL.

THE INVESTIGATION OF INFLUENCE OF PLASMA’'S COATING ON THE STABILITY
OF METALICAL FORM

Putivskyi A.O., student of group MC-11-23
Kharkiv National Automobile and Highway University

Abstract. It is proposed the steels, ability to substitute steel 3X2B8 on heat-treating's durability. It is
established, that application of plasma’s coating rises essentially operational characteristics of
steels-substituters.

Key words: hermal endurance, corrosion resistance, the number of thermal cycles, plasma coating.

Beryn

OnHUM 3 NMEePCHEeKTUBHUX CIOCOOIB OTpUMaHHs BWIIMBKIB € MUTT mix Tuckom (JIIIT). Llei
METOJ J03BOJIAE€ OJEPKYBAaTU BIIIMBKM BHUCOKOI TOYHOCTI, NPAaKTUYHO BUKIIOYAE iX MOJAJIBIIY
MexaH1uHy 00poOKy, 3a0e31euye BUCOKY MPOTYKTUBHICTD Mpati. Pa3oM 3 TUM JUTTS 1] TUCKOM Ma€e
P ICTOTHUX HEJOJIKIB, TOJOBHUM 3 SKHMX € HU3bKa CTIMKICTh TOporux mnpec-hopM, 0coOIMBO MpH
JUTTI MIAHKUX cIUIaBiB. Jlo TeNepiliHbOToO Yacy OCHOBHI 3aXO/M 111010 IiABUIIEHHS CTIHKOCTI Hpec-
¢dopm JIIIT minHUX cruiaBiB OyJM CIIpsIMOBaHI Ha JOCIIJDKEHHS MaTepialliB 13 KpalUM MO€THAHHIM
MILHOCHUX 1 IJIACTUYHUX XapakTepucTtuk. OpHak raiy3p Aii IUX 3ax0liB 0OMeXeHa BHCOKOIO
BapTICTIO 1 1e(IUTHICTIO HOBUX MaTepialiB.

[Ipu AUTTI TiJ TUCKOM CIUJIaBIB Ha MIJIHIM OCHOBI T'OJIOBHOIO MPUYHUHOIO BUXOAY 3 Jaay
¢dbopmMoTBOpUMX AeTanel mpec-popM € TepMiuHa BTOMa iX Mmarepiany, ska MOJsIrae B pyHHyBaHHI
neTanei mij Ai€ro MUKITYHUX TEMIIepaTypHUX HaNpyKeHb, BUKIIMKAHUX HEPIBHOMIPHUM PO3MOI1TI0M
temneparypu B cTiHII (opmu. OCHOBHY BiANOBIJANBHICTh 3a pPYyHHYBaHHS Hece TOHKUHN
MTOBEPXHEBUH MIap: Y HHOMY CTBOPIOIOTHCS MaKCHMaJIbHI 3HAYCHHS HaINPy>KEeHb 1 TEMIIEpaTypH, BiH
BiJJUyBa€ Ha co0l arpecuBHy Iit0 piakoro merany. Tomy pilieHHs 3aj1adi MiJBUIIEHHS CTIHKOCTI
npec-popM Moke OyTH NOCSTHYTO 32 paXyHOK BIUIMBY Ha TOHKHH TOBEPXHEBHU IIap 3 METOIO
MiABUILEHHS HOTO OMOpYy MUKIIYHUM TEMIIEPaTypHUM HAIpPY>KEHHSM 1 arpeCUBHOMY CEPEJOBHIILY.
[Ipn icHyrouiii TexHOJOTii BHUrOTOBIEHHS Tmpec-GopM Bci (OPMOTBOpPUl JeTalli TOBHICTIO
BUTOTOBJICHI 3 O/IHI€T 1 Ti€T % BUCOKOJIEroBaHOi cTaji. OCKUIbKM BHYTPILIHI IIAPH NMPAIOIOTh B MEHII
KOPCTKUX YMOBaX, BOHH MOXXYTh OyTH BHT'OTOBJIEHI 3 MEHII JOPOTHX CTalel, I10 3a0e3MeuyroTh
HEOOX1JHUI KOMILIEKC BIACTUBOCTEH.

" Po6oTa BUKOHaHA Mij KepiBHUITBOM Ipodecopa I'mymkosoi J1.b.
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Bce 1ie Bu3Havae akTyalbHICTh 3aBJaHHS CTBOPEHHS IMOBEPXHEBOTO APy, KU J03BOJISE
IIJIBUIIUTH CTIMKICTB TIpec-GopM 1 3aMiHUTH BOIHGPAMOBMICHI CTajli EKOHOMHOJIETOBAHUMH.

Takuii TIOBEpXHEBWI IIap MOBUHEH MATH: HU3bKY TEIUIONPOBIMHICTh JJsi 301TbIICHHS
TpajiieHTa TEeMIepaTyp, TapHy aare3iiiHy B3a€MOJI0 3 OCHOBHHM METaJloM Npec-GpopMH, HH3BbKY
aare3iiiHy B3a€MOJIII0 3 pO3IUIABOM, BUCOKY OKAJTHMHOCTIMKICTD 1 KOPO3iifHY CTIHKICTb.

ExcniepuMenTanbHi Ta BUpOOHMYI JIaHI 100 BIUIMBY METOJIB XIMIYHOI, XIMIKO-TEPMIYHOL
00poOKH, TOBEPXHEBOIO JIETYBaHHA Ha CTIMKICTH mpec-popM MOKa3ylTh, MO0 JKOAEH 3
BHUIPOOYBAaHUX METOIIB HE J]a€ CTIMKUX ITPOMHCIOBUX PE3yJIbTaTIB.

Ha mifcraBi BitoMuX 3 JTiTepaTypHUX JKEPEIT BIACTUBOCTEH IMJIa3MOBHX MTOKPUTTIB OKAa3aHO
MEePCIEKTUBHICTD X 3aCTOCYBaHHS IS ITIBUIIICHHS TEPMiHY eKCIuTyaTallii nmpec-hopm.

AHaiti3 BJIaCTHUBOCTEH MarepialiB, fKi MOXYTb OYTH 3aCTOCOBaHI B SIKOCTI HOKPHTTIB,
JI03BOJIMB 3YITUHUTHUCS HA HITPUJII TUTAHY, IO BOJIOJIIE:

1) XOpOWIMMH OIMIPHICTIO PYHHYBaHHIO IpPHU 3HAYHUX KOJHMBAHHIX TEMIIEpATypu i
HaMpyXeHb, OKaJTMHOCTIHKICTIO 1 KOPO31MHOIO CTIHKICTIO;

2)  BHUCOKHMMH MOJIYJIEM IPYXHOCTI, MIKPOTBEPAICTIO 1 TEIIOCTIHKICTIO;

3)  HU3BKUMHU TEIUIOMPOBIIHICTIO 1 AATe31HO0 B3a€MOIIEI0 3 MiTHUMHU CIIJIABaAMH Y BCbOMY
niana3oni podounx temreparyp ao 1000 °© C.

Kpim Toro, posxomgni wmarepianu (THTaH 1 a30T) HE € JACHIOUTHEUMH 1 IIMPOKO
BUKOPHUCTOBYIOTHCS B TIPOMHCIIOBOCTI.

MeTa Ta IOCTAHOBKA 3aBJaHHA

MeToro 1hOTro JOCIiHKeHHS OyB TONTYK MOXITHBOCTI 3aMinu ctaii 3X2B8 Ta BcTaHOBICHHS
BIUTUBY I1JIJa3MOBOTO TMOKPHUTTSI HAa EKCIUTyaTalliiiHi XapaKTepUCTHKU 3alpONOHOBAHUX CTaleii-
3aMIHHUKIB.

MarepiaJj i MeTOAUKA TOCTiTKEHHS

Martepianom nocnipxerss € ctan 3X2B8, SXHM, 4X5SM®C. BunpoOyBaHHs Ha TEPMIUHY
BUTPUBAIICTh MPOBOIMINCS 32 METOJUKOIO, 10 IMITY€E pOOOTY peaabHHUX JIMBApHUX (opM.

[TokpuTTS HAHOCWIM 3a JOMOMOTOI BaKyyMHO-IUIa3MOBOI YCTaHOBKH «bymaT» MeTogoMm
KOH/IeHcallii 13 3aCTOCYBaHHIM 10HHOTO OoMOap/lyBaHHS.

MeTto BKJIIOYa€e 1Ba OCHOBHMX €Tamu: | — OYMIIEHHS, HarpiBaHHsS 1 aKTHUBAIII0 MMOBEPXHI
nigKnagka  OomOapayBaHHSAM 10HAMH OCaJKyeMOTo MaTepiany, MNPUCKOPEHHMH J0 eHeprii
HEOOXITHOI BEIWYMHHU; 2 — OCAJDKEHHS MOKPUTTS NpH Oe3nepepBHOMY 10HHOMY OomOap.yBaHHI
KOHJIEHCATy B PEXHMI, 110 3abe3neuye (OpMyBaHHS MOKPUTTS 3 HEOOXITHUMH CIyXOOBUMHU
BJIACTUBOCTSIMU.

B nporieci i0HHOTO OYHINIEHHS YacTKaMH, 0 OOMOAPYIOTh, JOCITAETHCS BUAAIICHHS Ta3iB 1
HarpiBaHHs MOBEpXHi Jeraneil. bomOapayBaHHS MOBEpPXHI J03BOJSIE OTPUMYBAaTH aTOMHO YHUCTY
MOBEPXHIO JleTall, IO MIJBUIIY€E IIBUIKICTh IMOBEPXHEBUX peaklid, Kl Bi1IOYBalOThCS MpH
MOJJAIBLIIOMY OCaJPKEHHI MOKpUTTA. [Ipu 1bOMy Mae Miclie HarpiBaHHS, IO CIPHUSE MOCUIICHHIO
Tudy31HHUX TPOLIECIB MIXK TTOKPUTTSAM 1 IOBEPXHEIO.

OuniieHHss ioHHUM OomOapayBaHHSM, HarpiBaHHS 1 aKTHBAIlisl 3MIIHIOBaHOI JaeTaii
3a0e3mneduye BUCOKY are3ito 10 Hei TOKPUTTS.

Pe3yibTaTH eKciepuMeHTy Ta iX 00roBopeHHs

HasiBHICTh MIa3MOBUX MOKPHUTTIB Ha JETalsX mpec-GpopM BIUIMBAE HA PIBEHb 1 XapakTep
PO3MOILTY TEMIIEPATypPHOTO HABAHTAXKEHHS HA pOOOYHX MOBEPXHSIX i/l TOKPUTTSIM.
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MeTogoM MaTeMaTHUYHOrO aHajily OTPUMAHO pIBHSHHS, IO BHPAXae 3aJKHICTh
Temreparypu (OpMOTBOPHOI JeTail K (yHKIIit0 BICTaH1 BiJ MOBEpXHi Ta Bix vacy. [lopiBHIOIOUN
OTpUMaHI 3HAUYEHHS TEMIIEPAaTypH TMPOTATOM OIHOTO IMKIY 3 HaBEICHHMH B JIiTEpaTypi
AHAJIOTIYHUMH 3HAYEHHSMHU TEMIIEpaTypHOr0 HaBaHTAXKEHHs JeTajei 0e3 IU1a3MOBOIO MOKPUTTH,
MO>KHA BiJI3HAYHTH, 1110 PoOOUi Iapu rnpec-hopM 3 MOKPUTTSAM, X04a 1 MiATAI0THCS BILTUBY 3MIHHUX
TeMIieparyp, ajie MakcUMaiibHa Temriepatypa 3HmwkeHa Ha 100-150 °C. 3miHa TemmepaTypHOTO
HABaHTAXCHHS JI03BOJISIE 3HU3UTH BUMOTH J0 MaTepiajiB mpec-GpopM JUist JIUTTS il THCKOM MiJIHUX
craBiB. BoHn MoXyTh OyTm oOpaHi i3 CTayieid, IO 3aCTOCOBYIOTHCS IMPH JIUTTI MiJ THCKOM
ATIOMIHIEBUX Ta IIMHKOBUX CIUIABIB, 110 MAIOTh TeMIieparypu po3iuiary 600-650 °C.

[Ticnsa anaizy XiMiYHOTO CKJIa[ly 3aCTOCOBYBAaHUX Y JTAHUW Yac B SAKOCTI MaTepiaiiB, 3 SKUX
BUTOTOBJISIIOTH Mpec-(hopMuU JIUTTS i THCKOM HAMIBTEIUIOCTIMKUX cTasieit Hamu Oyim oOpani crami
ctam 4X5SM®C i 5XHM, 1o He mMicTaTh AedinuTHHA BoabdpaM. PaHime npoBeneHnMu Ha Kadeapi
JOCIIDKEHHSIMH JTOBe/leHa MOUiIbHICTh 3aMiHu cTaii 3X2B8® crammo 4XSMDPC ans npec-popm
JUTTS TiJ TUCKOM aNIOMIHIEBUX CIUIaBiB. BmicT xpoMy B miil crtami noBeaeHo mo S5 % s
3abe3neueHHs i rMOOKOT MpOrapTOBYBAaHOCTI, IO JJO3BOJISIE BUKOHYBATH TapTyBaHHS Ha TOBITPI.
Bucokuii BMICT B cTaii BaHail0 T03BOJISE MonepeauTH GopMmyBaHHs rpybo3epHucToi Oyaosu. B ii
KapOiaHii (asi 3HayHa yacTKa npumajgae Ha kapoig M23Ce. Y miTeparypi BKa3yeThes, 110 TaKa CTalb
Mae OUIbII BUCOKY TUIACTUYHICTD, HIXK cTallb 3X2B8®d, npu 0JHAaKOBUX 3HAYEHHSX TPAHMII MILHOCTI
[1].

Cranp 5XHM — HamiBTEIUUIOCTIMKA CTajlb IMIABUINEHOI B'I3KOCTI 1  BHUCOKOI
nporaptoByBaHocTi. llimBuieHa B'SI3KICTb JOCSTAEThCA JIETYBaHHSM HIKENEM, a BHCOKa
MPOrapTOBYBAHICTh — MapraHIleM 1 XpOMOM. 3aBISKHU MPUCYTHOCTI MOIIOaeHy OOM/IBI CTall Malo
YyTJIMBI 0 KPUXKOCTI 2-TO poJty, SIka BUHHUKAE Micis Bigmycky mpu 500-560 °C.

['apryBaHHs BHOpaHHMX MapoK CTajl NPOBOJWIM IpPU TeMIepaTypax, L0 3a0e3NnedyroTh
PO3UYMHEHHS OLIbIIOT YaCTWHU KapOiAiB Ta OTPUMAaHHS BBICOKOJIETOBAHHOIO MapTeHcuty. Ilicns
rapTyBaHHS CTall MiAJaBaJIUCs BHCOKOTeMIepaTypHOMY BIiANycKy (teim = 550 °C nmus cranmi
4XSMDC, tyizm = 500 °C mnst crani SXHM) 3 MeTOrO OTpIMAaHHS BHCOKMX 3HAYEHb YIapHOT B'SI3KOCTI
1 TpaHuULl BUTPUBAJIOCTI.

Koe(illieHTH TepMidHOTrO PO3MIUpPEHHs 0O6paHUX MapoK cTanei (ouxsmoc = 10,1-10° rpan®,
osxim = 8,9-10° rpan®) 6nuseki 3a cBoiM 3HAUEHHAM KOE]IllieHTY TEPMiYHOTO PO3NIMPEHHS HITPUITY
tutany (orin = 9,35-10° rpax®).

3 METOI0 OTPUMAaHHS MOPIBHSAJIBHUX NaHUX 3 TEPMIYHOI BUTPUBAIOCTI CTajeH, 3AaTHUX
3amiauTd 3X2B8®, mpoBoaumucs BUNPOOYyBaHHS TEPMIYHOI BUTPUBAJIOCTI HA YCTAHOBIN, IO
JI03BOJIsIE BUIPOOOBYBATM Ha TEPMIYHY BHUTPHBAIICTh MaTepiand 3 OyIb-SKHUM JDKEpeIoM
HarpiBaHHs, TOYHO BiJTBOPIOBATH TEIJIOBUH peXUM poOOTH MeTaneBoi (popMH, Ja€ MOMKIMBICTh
BapllOBATU TPHUBAIICTh HArpiBy 1 piBEHb TEMIEpPATypH, IO JO3BOJIIE OTPUMATH MOPIBHSJIBHI 5K
SKICHI, TaK 1 KUIbKICHI JIaHl 3 TepMiuyHOi BTOMHU MaTepianiB. IIpaitoe ycraHoBKa B aBTOMaTHYHOMY
pexumi. YactuHa 3pa3kiB  yig  BUNpOOyBaHHS Ha TEPMIYHY BUTPHUBAIICTh  MiJJaHA
Cyib(OIiaHyBaHHIO Ta HU3bKOTEMIIEPATypHOMY I[iaHyBaHHIO, SKi 32 JaHUMH NPAKTUYHOTO JOCBiTY
HaWOUIbII €(PEeKTUBHI B IPAKTUII JTUTTSI I11]T THCKOM.

[lepma cepis BumpoOyBaHb BKIIOuUaiga B cebe BUMPOOYBaHHS 3pas3kiB i3 crami 3X2B8D,
5XHM, 5XHM 3 nokputtsim, 4XSM®DPC, 4X5SMOC 3 nokputtsim. Bunpobysanu ogHouacHo 1o 4
3pa3Kka, B KOXKHY TpYITy BUITPOOOBYBAHUX 3pa3KiB 0OOB'SI3KOBO BXOJIUB €TAJIOH.

AHaii3 OTpUMaHUX pe3yJIbTaTiB MoKa3as, 1o micis 500 HuKIIiB cyMapHa JOBXKHWHA TPILIUH Ha
3pa3kax i3 ctani SXHM 3 mokpurtsaM B 3 pa3u MeHIIe, HDbK 0e3 MOKpUTTS; Ha 3pa3kax i3 cTaii
4X5MOC 3 nokputTsaM B 3,5-4 pa3u MeHIle, HIXK 3 Ti€l )k Mapku ctaii 6e3 nokputrs. [licas 1500
LUKJIIB y 3pa3kiB i3 cTani SXHM 3 moKpHUTTAM cymMapHa JOBXKHHA TPILIMH Y 5 pa3iB MeHIIe, a y cTall
4X5MOC 3 nokpHuTTSIM — Yy 4 pa3u MeHIIIe, HIXK y 3pa3KiB 3 Ti€l k cTaji 6e3 MOKpUTTS.
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VY 1ol e yac cymapHa JOBXKHHA TPIMH Yy 3pa3kiB i3 crani 3X2B8D mpoTsirom ycboro
nepiogy BuUnpoOyBaHb B 2,5-3 pa3u Oinbine, HDK y 3pa3kiB i3 crameit SXHM ta 4X5SMOC 3
MOKPUTTSIM.

OTpumaHni pe3yJIbTaTh J03BOJISTFOTh 3pOOUTH BUCHOBOK, 1110 cTajii Mapok SXHM T1a 4X5SMDC
IiCJI HAHECEHHSI Ha HUX TOKPUTTS HITPHULy TUTaHY MOXYTh OyTH BUKOPUCTaHI B IKOCTI MaTepiaiiB-
3amMiHHUKIB cTani 3X2B8® st mpec-hopm aiist AUTTS i THCKOM MiJHHUX CILJIABiB.

HactrynHoto cepieto Oynu BUNpoOyBaHHS 3pa3KiB, MiIJaHUX PI3HUM BHUIAM TOBEPXHEBOI
00pOOKH: HHU3BKOTEMIIEPATYPHOMY Il1aHYBaHHIO, CYJb(oIliaHyBaHHIO 1 HAaHECEHHIO TUIa3MOBHUX
MOKPUTTIB HITPUIY TUTAHY TOBIIMHOIO Bi 2 10 7 MKM. AHaJIi3 OTPUMAHUX PE3yJIbTaTiB IOKa3aB, 10
HaWOIIBITy TEPMIUYHY BUTPHUBAIICTh MAIOTh 3pa3Kd 3 000X MAapOK CTajli 3 IJIa3MOBUM IOKPHUTTSIM.
CymapHa JOBXHHA TPIOIMH Yy 3pa3KiB IICIs HU3BKOTEMIEPAaTYpHOTO IiaHyBaHHSA 1
cynbdolriaHyBaHHS Majo BiIPI3HAETHCSA OJUH BiJl OJHOTO 1 3HAYHO MEPEBEPIIYIOTH 32 BEJIMYUHOIO
JIOBXXHHY TPIIIKH Y 3pa3KiB i3 ctani 3X2B8®.

JUis BU3HAYEHHS BIUIMBY TOBIIMHU IOKPUTTS HITPUAY TUTaHy Ha TEPMIYHY BUTPUBAIICTb
craneit 4XSM@C i SXHM Ha 3pa3ku 3 HUX MapoK CTajieil micis TepMooOpOOKH Ta MLTipyBaHHS
HAHOCWJIN MOKPUTTA 2, 3,4, 5, 7 MKM. Y 3pa3KiB 3 HOKPUTTSM TOBLUIMHOK 2 MKM €(eKT MiIBULICHHS
TEPMIYHOT BUTPUBAIOCTI BUPAXKECHUH €1a00, JOBXKUHA TPIMH po3nany micis 500 mukimiB B 3 paszu
OinIblIIe, HIXK y 3pa3KiB 3 MOKPUTTSAM TOBIIMHOIO BiJ 3 0 5 MKM. Y 3pa3KiB 3 HOKPUTTSIM TOBILUHOIO
7 mxM micisg 1000 nukiIiB pi3Ko 30UTBIIYETHCS JOBXKHHA TPILIMH, CIIOCTEPITa€ThCs MOBCIOIHE
CKOJIIOBAaHHS IIOKPUTTS Uepe3 MoraHy ajaresito.

Takum 4MHOM, Ha MIABUIIECHH] TEPMIYHOI BUTPUBAIOCTI HAMOLIBII €(DEeKTUBHO MO3HAYAETHCS
HasBHICTb [JIa3MOBUX MOKPUTTIB HITPULY TUTAHY TOBIIUHOIO 3-5 MKM.

[Ipu mpoBexeHHi BuUNpoOyBaHb Ha TEPMIYHY BHUTPHUBAIICTH OJHOYACHO  BEJIOCS
CIIOCTEPEXKEHHSI 3a 3MIHOIO TBEPAOCTI BUIPOOOBYBaHUX 3paskiB. BuxigHa TBepAicTh 3pasKiB i3
craneit 3X2B8D, 4XSM®C, SXHM cranosuina 42-45 HRC.. ITicas 2000 uukiiB y 3paskiB i3 craii
3X2B8® TBepaicth ctaHoBUTH 32-35 HRCe, a y 3paskiB i3 craneit 4XSM®PC i SXHM 3 nokpurtsim
HiTpUAy TUTaHy TOBIKHOWO 3-5 MkM — 38-40 HRC., 6e3 mmasmoBoro mokputts 28-30 HRC.. 1le
CBIIYUTH MPO rapHy TEIUIOCTIMKICTh cTanel 3 MiIa3MOBHUM IMOKPUTTSAM, IO BAXKJIMBO JJIS AeTanen
npec-popm JIIIT.

[TinOupanucs TUCK peakIiMHOro rasy B KaMepl YCTaHOBKH, TeMIlepaTrypa pO3irpiBy
MIJKIaAKH, Ha IKY HAHOCUTHCS! TIOKPUTTS 1 TPUBAIICTh OCA/IKEHHSI.

KputepieM OIIIHKM ONTUMAJbHUX [apaMeTpiB HAHECEHHS NOKPUTTIB Oylia KUIBKICTh
TEPMOIIMKIIIB, SIKY BUTPUMYE 3pa30K 3 IIOKPUTTSIM JI0 PyHHYBaHHSI.

Jlns BU3HAUEHHS HEOOXIHOTO THUCKY a30Ty, L0 3a0e3neuye OTpUMaHHS Ha pPoOOYMX
MOBEPXHSX JeTasiell mpec-QpopM MOKPHUTTIB 3 HAWKpAIUMU eKCIUTyaTalliiHUMU XapaKTepUCTUKaMH,
HITPH THTaHy HAHOCHBCS MPU Pi3HUX MapIiadbHUX THCKAX a30Ty — Big 3-10° xo 1 ITa (Tabm. 1).

OTpumaHi MOKPUTTS BIAPI3HAIOTHCA KIJIBKICTIO KPAIUIMHHOI (ha3u, SKa CyTTEBO 3MEHIYEThCS
31 301IbLIeHHAM THCKY. CIliJl 3a3HAUUTH, 1110 Y 3pa3KiB 3 HOKPUTTAM, OTPUMAHUM IPU TUCKAX a30Ty
3-102, 3-10? TIla, cocTepiraeThcs 3Ha4yHe HAIUIAHHS PO3IUIABY, Ke TOMITHO 3MEHIIYETHCS 3
pOCTOM THUCKY 1, mounHatouu 3 1 Ila, mpakTH4HO BiACYTHE.

Benuka TBepicTh MPU3BOAUTH 70 301IbIIEHHS KPUXKOCTI MIOKPUTTS, 1110 BUKIIUKAE IIBUIIKE
Horo pyHHyBaHHS MiJl Ji€0 3HAKO3MIHHUX HAmpy>KeHb 1 TePMIUYHUX ynapiB. HasBHICTH 3HA4HOI
KUTBKOCTI KparTMHHOT (pa3u iHTeHCU(]iKye Mpoliec pyHHyBaHHS.

Ha puc. 1 mpeacraBieHa 3aleXHICTh TEPMOIUKIIIB JETANICH 3 MJIA3MOBHUM IMOKPUTTSM BiJ
TUCKY a30Ty. 3 rpadika BUIJIMBAE, 110 MOKPUTTS HITPUYy TUTaHYy, OTPUMaHe MpH TUCKY a3oTy 1 [la,
HaWOLIRIIT €PEKTUBHO 3aXHIllae PoOOUl MOBEPXHI AeTanel mpec-GhopM Bia pyHHYBaHHS 1 U IBOX
CTaJiel CoCTepIraeThCsl MPAKTUYHO O/THAKOBA 3aJICKHICTh YMCIIa TEPMOLUKIIIB Bijl TUCKY a30Ty.

[HIIIMM BaXXJIMBUM MapaMeTpoOM, 1110 Ma€ ICTOTHUM BILJIUB Ha CTIHKICTb JeTajiell 3 M1a3MOBUM
MOKPUTTSIM, € TeMIIepaTypa poOo4oi MOBEpXHi MPH I0HHOMY OOMOapayBaHHI, siKa 3MiHIOBANACs BiJ
300 go 700 °C. Haiibinpmry CTIHKICTh TIPH €KCILTyaTarii MaloTh ACTalli 3 TUIa3MOBUM TOKPUTTSIM,
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HaHeceHUM Ipu Temrneparypi niaknaaku 500 °C. il Temnepartypi BianoBigae i Hallkpaia aare3is 3
OCHOBOIO (TabI. 2).

Tabmurs 1 — BimuB mapiiianbHOTO THCKY a30Ty Ha XapaKTEPUCTUKU TTOKPUTTS

Tuck asory, I1a 3-10° 3-107 4-101 1
MixkpotBepaicts, ['Tla 22 26 23 18
Komip mokpurts cipuit YKOBTYBATO- YKOBTHI Oypo-
cipwmid 30JI0TUCTHI
CTIAKICTD JeTaJIEN 3
MOKPHUTTAM (LIHKII) 3500 5000 9000 11500
cranp SXHM
Cranp 4X5SMOC 3000 5000 9500 12000
-E 13000 =
E 12000 - /
- T
E‘J" @000 - -
- i
ﬁ s000 -
_5 oo
M 4000 -
- Thek 330'1';’: Ila |

1 —crans 5XHM, 2 — crans 4X5SMOC
Pucynok 1 — 3anexHicTh MK apLiaIbHUM TUCKOM a30Ty 1 KUIBKICTIO TEPMOLIMKIIIB

Tabnuus 2 — Brmu Temneparypu ioHHOro 6oMOapyBaHHS Ha aJre3ir0 MOKPUTTS 3 MiJKIIKO0 1
CTIMKICTB JIeTaliel pu eKcIuTyaTarii

Anresis (B YMCENBHUKY) 1 CTIMKICTh, UK (Y 3HAMEHHUKY )
Mapka pu Temneparypi, °C
crami 0e3 200 300 400 500 600 700
MOKPUTTS

4X5MOC - 0,50 0,65 0,75 1 0,75 0,5
2000 2500 3500 7500 12000 7500 5000

5XHM - 0,50 0,60 0,70 1 0,70 0,5
2000 2100 3400 4000 11000 7000 4000

Ha puc. 2 mnpeacraBneHa 3ajeXHICTh 4YWCiIa TEPMOIMKIIB BiJ TeMIEpaTypu 1OHHOTO
6ombapnyBanHa. Haouno BuaHO, 1o ontumansHO TemnepaTyporo € 500 °C. Cnocrepiraerbes
OJTHAKOBA 3aKOHOMIPHICTh s cTanieid SXHM ta 4X5SMOC.

[Tpu GinbII HU3BKUX TEMIIEpaTypax CHOCTEPIraeThCsl TEHJIEHIISI IOBHOTO BiIIAPOBYBAHHS
MOKPUTTS, MPHU IIbOMY CTIHKICTb jAeTajneil mpec-popm 301IblIyeThCsl He3HauHO. [Ipu TemnepaTypax
BUIIE TEMIIEPAaTypH BIIMYCTKU CIIOCTEPIra€Tbcs 3HEMIIHEHHS Matepiany mnpec-(popM, M0
MIPU3BOJIUTD JIO 3HUKEHHS CTIHKOCTI.
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1 - crans 5XHM, 2 - crans 4X5MPC
PucyHok 2 — 3anexHicTh YrciIa TEPMOIMKIIOB Bil TeMIIepaTypu poO0Y0i IOBEpXHi MpH
ioHHOMY O0oMOapryBaHHI

BucHoBku

1. Crani mapok SXHM ta 4X5SM®C micist HaHECEHHS M1a3MOBOTO TIOKPHUTTS MOKYTh OyTH
BHKOPHCTAHI B SIKOCTI MaTepiamiB-3aMiHHUKIB cTtaini 3X2B8 miis npec-popM At JIUTTS il THCKOM
MIJTHUX CILIABIB.

2. Ha migBuIlEeHHS TEPMIYHOT BUTPUBAIOCTI HAHOUIBIINN BIUIMB MAIOTh IJIA3MOBI MMOKPUTTS
HITPUAY THTAHY TOBIIHHOIO 3...5 MKM.

3. Haiibinpma cTidKiCTh NMPH eKCIUTyaTallii JeTaneil 10csIraeThes 3 MIa3MOBUM MOKPUTTSIM,
HaHeceHUM Mpu Temnepatypi nigkinaaku S00 °C. Liit temneparypi BiAnoBigae 1 HaMKpala aaresis 3
OCHOBOIO.
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BIIJIMB EHEPTOCHJIOBUX OCOBJIMBOCTEN ®PUKIIMHOI
TEPMOMEXAHIYHOI OBPOBKH CTAJIEBUX BUPOBIB HA CTAH iX
IMOBEPXHEBOI CTPYKTYPH?

Kpaescbka 7K. B. acnipant
HaunionagbHuii TeXHiYHUI YHiBepcUTET «XapKiBCbKHUI MOJITeXHIYHUN IHCTUTY T

Anomauyia. Y pobomi po3ensiHymo  6nau8  eHepeoCUNosux — 0codaueocmel  (PUKYIiHO20
mepmomexaniunozo 0opooaenns (DTMO) cmanesux upobis na cmau ix nosepxHe8oi cmpyKmypu.
Memoro danoi pobomu € 00Cai0NCEHHS 83AEMO38 A3KY Midc enepeocunosumu napamempamu ©TMO
cmani ma sMiyHIO8ALHUM Pe3YTbMamoM.

Knrouoei cnosa: ¢puxyitine mepmomexaniune oopoonenus (DTMO), cmanesi upodbu 3miyneHHs,
mepmsi, 0ehopMy8aHHsl, eHeP2O-CUNO8] NapamMempu, CMpPyKmMypoymeopeHHs, MiKpOmeepoicmo.

INFLUENCE OF ENERGY AND FORCE FEATURES OF FRICTION
THERMOMECHANICAL TREATMENT OF STEEL PRODUCTS ON THE STATE OF
THEIR SURFACE STRUCTURE

Kraievska Zh. Post.st.
’National Technical University «Kharkiv Polytechnic Institute»

Annotation. The paper considers the influence of energy and power features of frictional
thermomechanical handling (FTMH) of steel products on the state of their surface structure. The aim
of this work is to study the relationship between the energy and force parameters of FTMH of steel
and the hardening result. frictional thermomechanical handling (FTMH), steel products, hardening,
friction, deformation, energy and power parameters, structure formation, microhardness.
Keywords: frictional thermomechanical handling (FTMH), steel products hardening, friction,
deformation, energy and power parameters, structure formation, microhardness.

Beryn

BriponoBk AeKUIBKOX JIECATUPIUb CTBOPEHO Pi3HOMAaHITHI METOAU 0OpOOIIEHHS METaIB 1 CIUIABIB.
Cepen HUX TOCTaTHBO 1HOBALIHHOIO € (PpUKIiIiHA TEpPMOMEXaHIYHa 00pOOKa 3 BAKOPUCTAHHSAM TEPTS
(®TMO), sixa 3anpONOHOBaHA, SIK PI3HOBHJ 3 METOJIB JIOKajabHOro 00pobiieHHs (TOP, TOO) ta
sminHeHHs (T3, ATd3), axi micTtaTh (puKLiiHO-IePOpMailiHy KOMIIOHEHTY. BinmoBinHo, MoBa
e He mpo 3BHUYaiiHy kimacuyHy TMO, a mpo 1HOBAIiHO albTEPHATUBHMNA METOJ 3MIIIHEHHS,
OCKIJIBKU JJaHa TEXHOJIOT1A Nepeidayae HarpiBaHHs 3a paXyHOK T€PTs Ta HU3KY 1HIIMX B1IMIHHOCTEH.
TobOto Tepts € mkepenom eHeprii. Lleit mMerox m03BoNsIE AOCATTH BUCOKUX 3HA4YEHBb TBEPJIOCTI,
MIITHOCTI Ta 3HOCOCTIMKOCTI MaTepiayliB 3a KOPOTKMHM 4Yac 1 31 3HAYHO MEHIIMMHU BHTpaTaMu
MOPIBHAHO 3 I1HIMMMH MeToaamu oOpoOku. Ilpore, 3amexxHO Bim XapakTtepy OOpPOOKH, MOXKeE
BiIOyBaTHCh PI3HOMAHITHE CTPYKTYPOYTBOPEHHS 1, SIK pe3yJibTar, (pOpMyBaTUCh pi3HOMAaHITHI
BJIACTHBOCTI.

8 Po6oTa BuKOHaHa mij KepiBHUITBOM goueHTa Bosikosa O.O.
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AHauni3 myoaikanii

Bararo nmocnmijkeHb B pe3ynbTaTi SKUX BHSBIEHA PI3HUI Yy CTPYKTypoyTBopeHHi [1, 2],
JIEMOHCTPYE, 110 B MIOBEPXHI1 JOCTIAHUX 3pa3KiB Ta BUPOOIB CIIOCTEPIraeThCs 3HaYHE 1ehopMyBaHHS
Marepially, 10 MPHUBOAWTH JO OUIBII IHTEHCHBHOTO (HOpMyBaHHS JpiOHOAMCHEPCHOI
MIKPOCTPYKTYPH, 30KpeMa 3€peH YJIbTPaApiOHUX 1, HABITh, HAHOPO3MIPIB, IO CYHPOBOKYETHCS
JOCTaTHbO BHCOKMMH TBEPIICTIO Ta MIinHICTIO. OTpuUMaHi pe3ylibTaTd TaKUX JOCHIJIKEHb
JI03BOJIAIOTH OLIbII TOYHO HAJIANITOBYBATHM TEXHOJIOTIYHI IMapamMeTpud OOpOOJICHHS, L0 MOXKe
JOTIOMOTTH TIOJIIIINTH BIACTUBOCTI BUPOOIB Ta 3a0e3meunTy OiNbI e()eKTUBHE X BUKOPUCTAHHS B
PI3HUX Tay3sX MPOMHUCIOBOCTI.

HaykoBo-nipakTHYHMI HampsMOK 3MIIIHEHHS MOBEPXHI € aKTyaJIbHUM CbOTOJIHI, OCKIJIBKH
Take 3MIIHEHHS MOXKe OyTH JOCSITHYTO 3a JIONIOMOTO 0OaraThOX PI3HHUX METOIIB, 3aJ€KHO BiJ
KOHKPETHUX BHMOT Ta YMOB 3aCTOCYBaHHS. ICHye 0arato TeXHOJOTIYHHUX METOIB (hOpMyBaHHS
MOBEPXHEBOTr0 3MIIHEHHS B MeTalax Ta CIUlaBaX. lak, MeXaHO-IMIylbCcHE OOpOOIeHHS
BHCOKOIIBHJIKICHIM TepTsAM [3], HA BiIMiHY BiJ iHIIUX METOJIB IHTCHCUBHOTO JeOpMyBaHHS, Ja€
3MOT'Yy CTBOPIOBATH JAPIOHOJUCIEPCHI CTPYKTYPH Ha MOBEPXHI JETalli, BATOTOBJICHOI HE TIJIbKU 3
M'SKMX CTaJIEBUX MarepialliB, a TaKOXX 3 BUCOKOMIIIHUX Ta THX, IO BAXKKO Je()OPMYIOTHCS.
JepopmoBanuii map mij 4ac (GpUKLIHHOTO 3MILHEHHSI YTBOPIOETHCS Oe3MOCcepeIHhO Ha MOBEPXHI
MaTepiay JeTalli Ta PeIAKCYEThCS Ha MeBHIN TuOuHi. L{e BiApi3HIE BHCOKOIIBHIKICHE TEPTS BiJl
00KOYeHHsI a00 yAapHOTO 3MII[HIOBAJIHLHOTO OOpOOJICHHS, AKi IHIIIIOIOTH 30HM MaKCHUMAalIbHOTO
KOHTAKTHOTO HAIpy>KEHHS Ha JEsKii MIMOMHI BiJl MOBEPXHI, 0 MOXE MPHU3BOJUTH JI0 YTBOPECHHS
mianoBepxHeBUX TpimuH. OueBuaHO, 110 Bukopuctans TAO B sSKOCTI came MeToay 3MII[HEHHS €
aKTyaJbHUM INUTAHHSM 3 IIHPOKOI0 Teorpadieto. Tak, B HayKoBHX poborax [4-9] mokaszaHo, 110
€Heprisi TepTs BUKOPUCTOBYETHCS 3 PI3HUM CTYIEHEM IHTEHCHUBHOCTI Ta JJI BHUPIIICHHS PI3HUX
TEXHOJIOTIYHMX NHUTaHb. AKIIEHTOBAaHO yBary, IO TEPTS € MOTYXHUM 3aco00M pO3IrpiBaHHA
MOBEPXHI Ta MOXE BUKOPHCTOBYBATHCS HaBiTh Ul 3BaproBaHHs (epuUTHOI HepxkaBkoi ctami [4],
MIJIHUX JIUCTIB [5] Ta iHmmMX MarepiamiB. Haromomeno, mo mpu mpoMy BiIOYBAa€ThCS 3MiHA
MEXaHIYHHUX BJACTUBOCTEH MO mepepizy [6], IO TMOSCHIOETHCS BHUCOKOTEMIIEpaTypHUM
PO3IrpiBaHHAM X IO TEMITEPATypH TUTABJICHHS i HACTYITHIM OXOJIOPKEHHSM 3 TIEBHOIO IIBUJIKICTIO.
Kpim TOro, 3miHa MexaHIYHMX BJIACTUBOCTEH Moxe OyTH BUKIMKaHa 1 JedopMalli€ro MeBHUX
CTPYKTYPHUX CKJIanoBuX [7]. BigzHaueHo, 10 /715t 3MIITHEHHS MTOBEPXH1 3aCTOCOBYIOTHCS TAKOXK 1HIII
aJIbTepPHATHBHI JDKepesa, HalpuKiall, 1a3MoBe 00poOIeHHs, 10 J03BOJISE 3MIHIOBATH CTPYKTYpPY
MTOBEPXHEBOIO 1Iapy BUPOOIB, 1110 00po0II0t0ThCA [8], 0AHAK 1€l MeTOJ € OLIbII BUTpaTHUM. HacTo
MOBEpXHEBE OOpOOJIEHHs 13 3aCTOCYBAaHHSAM TepTs Ta IHIIUX JPKEped eHeprii NpUBOIUTH 0
YTBOPEHHS B CTAJIAX Ta IHIIUX CIUIaBaX TaK 3BaHUX MOBEPXHEBUX «OLmuX» mapis [9]. 3HauHuU# BRI
B PO3BUTOK NUTaHb (ppukiiiHOro odpodbneHHs marepianiB 3poduB mpod. M.J. Kipuk [10,11].
I'pynoro gocmiguukiB mig kepiBHUUTBOM O. B. MaHbKO BHBYAJIOCh YTBOPEHHS O1I0r0 mapy npu
GPUKIIHHO-3MIIIHIOBAILHOMY OOpOOJIEHHI TOHKUX IUIACTHH, SIKI € OCHOBOIO (hopMHU JUIsi 6araTbox
BUJIIB nosirpagigaoro iHcTpymeHty. [lokaszano [12], mo crane Y8A, sika MOke BUKOPUCTOBYBATHCS
JUTSl TAaHOTO 1HCTPYMEHTY MAa€ BHUCOKI TMOKAa3HUKH 3HOCOCTIMKOCTI. [IpoBoammock BapiroBaHHS
PEKUMIB 3MIITHEHHS, 10 JI03BOJIMIIO OTPUMATH MIKPOTBEPAICTh 3MintHeHoro mapy 5 — 11 I'Tla. B mii
po0OTI BIAMIYEHO, 110 CTPYKTypa OUTHX IIapiB sIBJIsIE COOOI0 MEXaHIYHY CYMIIl MapTEHCUTY Ta
3aJIMIIKOBOTO ayCTEHITY 1 MAa€ BUCOKY B’SI3KICTh NP JOCTaTHIN TBeproCTi. Takoxk MiKpecIeHo, 10
MPHUPOJIa YTBOPEHHS TAKHX CTPYKTYp HEIOCTATHBO 3pO3yMisNa, HE3BaXKAIOUM HAa BEJIHKY KiIBKICTh
MPOBEJICHUX JIOCIHIIKEeHb. T0X y OIIBIIOCTI OMMCAHUX BUIIE BUMAAKIB HAa MIOBEPXHI MaTepiay, 110
00pOoOITIOEThCS 3’ IBNIETHCA caMe «OUTHiNY map, SKUW 1€ T0C1 He BUBYCHH B TTIOBHOMY 00Cs31 Ta
notpelye AeTalIbHOro JocHiKeHHsA. OKpiM TOTO J10Ci He iICHY€ OJJHAKOBOT TyMKH III0JI0 IPUPOAM Ta
0COOMBOCTEH caMe 3MIIHEHHS TPH TepMOPPHUKIIHHO-AehOpMAIifHUX MeTofgax o0OpoOIeHHS
noBepxHi. [Ipore, mocmimkeHHs, skl BimoOpaxeHi B aucepTamiitaiii podoti O. O. Bonkosa [1] Ta B
pobotax [13-21] no3BonMIM 3HANTH MOSCHEHHS 0araThbOM acleKTaM I0JI0 CTPYKTYPOYTBOPEHHS 3
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(dhopMyBaHHSIM TOBEPXHEBOTO «OiOro» MIapy Ta BIACTHBOCTEH B JIHIMIN CTalel pi3HOTO
MPU3HAYCHHS Ta 3 PI3HUM XIMIYHUM CKJIAIOM.

Meta po0oTH i 3aBIaHHS

Mertoro 1aHoi poOOTH € AOCTIHKEHHS B3a€MO3B’SI3KY MiXK €HEPrOCHJIOBUMH TapaMeTpaMu
TepMO(PUKIIIHHOTO OOpOOJICHHS CTajli Ta 3MIIHIOBAIGHUM pe3yiabTaToM. Jlis JOCSATHEHHS
MTOCTaBJICHOT METH BHIIIYBaIu TaKi 3aBIaHHS: BUTOTOBJICHHS 3pa3kd 13 ctaii 6517, mpoBeneHHs
MOTIEPETHHOTO 3MIIHIOBATBHOTO TEPMIYHOTO 00pOOICHHS 3pa3KiB, MPOBEACHHS 3MIITHEHHS POO0YOT
MoBepxHi 3pa3kiB 3a gonomororo ®TMO. npoBeeHHS! BUMIPIOBaHHS CKJIaIOBUX CUJIU pi3aHHs, 110
BuHukae npu OTMO 3a AOMOMOror JAMHAMOMETPA, MPOBEIACHHS aHATi3y MIKPOCTPYKTYpH Ta
MIKPOTBEPJOCTI KOKHOTO 3pa3Ka. MPOBEAEHHS MOPIBHAHHS MIKPOCTPYKTYpPU, MIKPOTBEPIOCTI Ta
INIMOWHU 3MIIHEHHST JOCTIHUX 3pa3KiB, BUCHOBKH, IIOAO 3B’SI3KYy MiX pPe3yJIbTaTHBHOCTIO
3MILIHEHHs 3pa3KiB pH 00po0OIIeHH] Ta eHepro-cuioBumMu napamerpamu @TMO.

MarepiaJj i MeTOAU AOCTIAKESHHS
Hocaimkenns BiiiuBy @TMO Ha cTpykTypy craji 65I'

VY naniii poOoti Oynu IOCHiKEHHI 3pa3ku 13 craii 650, ska BIAHOCHTbCA 110 Kiacy
NpY)KMHHUX CTajedl Ta € CepeIHbOBYTIJICIEBOI0, HU3bKOJETOBAHOI CTAJUII0 3 BUCOKHMH
MEXaHIYHUMH BJIACTUBOCTSAMU. B mepury yepry, f1aHa Mapka cTajll Mae BHCOKI MEXHU HPY>KHOCTI 1
MIITHOCTI, a TAKOX IMiJBUILEHY PEaKCAIIIfHOIO CTIMKICTIO MPH TOCTATHIN B'SI3KOCTI 1 IITACTUYHOCTI.
[22]. 3pa3ku, 3 METOIO JOCIIJKEHHS BIUIUBY (akTOpiB 0OpOOIEeHHS IpU 3MIIIHEHHI CTallell HUIIXOM
®TMO, BUTOTOBWIIM y BHUIJISIII TUTACTHH Y TMONEpeTHbOMy cTaHi micis rapryBanHs (t = 800°C) i
Hu3bKoTeMIieparypHoro BigmyckanHs (t = 180°C). ®TMO mnpoBoauiaM Ha MOJAEPHI30BAHOMY
IJIOCKO-TIITi(hyBATBHOMY BEpCTaTi 32 PO3POOICHOI0 METOIUKOIO JIOKAITBHOTO 0OPOOJICHHS B PEXKHUMI
OTMO 3a cxemoro 06poOIeHHS, SKa MpeACcTaBlIeHa Ha PUCYHKY 1.

30Ha KOHTAKTyBaHHSA
IHCTpYMEHTY Ta MOBEPXHI, 110
0bpobmroeTses B mponeci @TMO

1 — 3minHIOBaIBHUM TUCK; 2 — 3pa30K; 3 — MarHiTHA MJIMTa BEPCTaTa;
Pucynok 1 - Cxema snokanbHOT0 00po6ieHHs B pexkumi DTMO
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3MILHIOBaJIbHUNA AMCK BUrOTOBIEHHWH i3 ctami Ct3. BiH 3acTocoByBaBCS Ha TIUOUMHY
o0pobsenns 0,7 mm. Takuii BuOip rMOWHU OOpPOOJICHHS 3IHCHEHO 3 ypaxyBaHHSAM Iepepizy
3pa3KkiB, [0 3MILIHIOIOTh Ta YMOBAMH ONTHMAJIBHOCTI OOpOOJIEHHS 3TiIHO 3 TMONEpeAHIMU
JOCITIDKEHHAMH [ 1].

Pe3ysabTaTn 10ocaigxeHHs

JocmipkenHs 3pa3kiB mokasano, mo mig gaiero @TMO 3’sBiseTbcsi MOBEpXHEBUMA map 3i
3MIHEHUMH CTPYKTYpOIO 1 BIaCTHBOCTSMH. BiH CKllagaeThCst 3 ABOX PI3HUX AUISHOK: 1 — AinsHKA 31
3MIITHEHHSM - pO3TalloBaHa 0115 TOBEPXHI Ta Ma€e MIKpOTBEpAiCTh 3MirtHeHoro mapy (Hioo) maiike
1300 xrc/mm?, 1o Bifnosinae npubusHo 13000 MIla, i ru6uny 3minuenns (1) 6auspko 300 MM, 2
— IQUISHKA 31 3HEMIIHEHHIM.

JlinsHka 31 3HEMIITHEHHSM, SIKa 3HaXOAUTHCS 0e3rmocepeIHbO il AUITHKOIO 31 3MIITHEHHSM, €
BY3BKOIO CMY’KKOIO Ta XapaKTepH3yeThCs 3HIKEHOK MiKpOTBEPAICTIO 10 piBHA 380 Krc/Mm2, mo
BiamoBigae mpubau3no 3800 MIla Ta Mae TOBIUHY MPUOIU3HO 70 MKM .

Hwxuye 3HaXoAWTbCS OCHOBHAa 4YacTWHA 3pa3ka, ska He 3a3Hasa BBy OTMO.
MikpoTsepaicTs ii fopiBHIOE 61H3pK0 580 Kre/MM2, 1m0 Bigmoinae mpubusno 5800 MITa.

Mertanorpadgiuauii aHami3 JOCHIAHUX 3pa3KiB IOKa3aB, IO Micis TapTyBaHHS Ta
HU3bKOTEMIIEPATypHOTO BiAIyCKaHHS CPOPMOBAHO MIKPOCTPYKTYPY «MApTEHCHUT BiAITyCKAHHSD).
CdopmoBanuii B momnepeaHbo 3arapToBaHux 3paszkax mnpu ix @TMO map mae nedopmoBany
MapTEHCUTHY MIKPOCTPYKTYPY, SIKa XapaKTCPU3YETHCS 1 OLIBIIT BUCOKUM CTYIIEHEM JUCIICPCHOCTI,
MOPIBHSAHO 3 MapTEHCUTHOIO MIKPOCTPYKTYpOIO, sIKa OTPHMMAaHAa MpHU MONEPEIHbOMY TEPMIYHOMY
00poOIICHHI.

TakuM 4YUHOM, MpHU MOPIBHSAHHI 3MIH y MIKPOCTPYKTYpl Ta MIKPOTBEPIOCTI 3pa3KiB, SKi
3MILHWIM 10 TOBepXHI 3 BUKOpUCTaHHAM DPTMO ninkoMm oueBHIHI MIKPOCTPYKTYpHI 3MIHU Y
BUTJISAZ1 TTOSIBU TIOBEPXHEBOT'O «O1J10r0» 3MILHEHOTO Iapy HaJBUCOKOI TBEPJIOCTI, SIKUH MOETHAHO 3
OCHOBHOIO YaCTHHOIO 3pa3ka TOHKHM 3HEMIIIHEHHM IMiamapoM. | KOKHa CTpyKTypHa YacTHHA
nepepisy 3pa3ka 37jaTHa BUKOHYBAaTH CBOi (DYHKIIIT MPH eKcIUTyaTalii HOTeHIIMHNX BUPOOiB.

Cuna oOpoOiieHHs siKa BHHHUKaja B IpolLecl JaHOro OOpoOJIeHHS BHMIiproBajlacs 3a
ngonoMoror auHamomerpa Y/IM-600, sikuii 3acTOCOBYIOTH JJIsl BUMIPIOBAHHS CHJI 1 KpPYTHHX
MoMeHTIB KoHCTpyKiiist JTuHAMOMETpa 103BOJISIE 3UUTYBATH PIBEHb CUJI HAaBaHTaKEHHS MpU 00pooi1Ii.
KoHCTpyKLil0 JaHOrO JUHAMOMETpa CIPOEKTOBAaHO TaK, IO KOXKHA ONOpa CKIATAEThCS 3
TOHKOCTIHHOI BTYJIKH 1 TBOX HIJKOK. Hi’KKM YTBOPIOIOTH JIBa MPYKHI IIapHipu. Taka KOHCTPYKIIis
oropu 3a0e3mneuye 61J15111y )I(OpCTKlCTB y HampsiMKy BiCl 1 Maiy )KOpCTKlCTB B HaIPSIMKY,
NEepIeHAUKYIIpHOMY Bici. Tak CHiBBIIHOIIEHHS BEJIWYHMH XOpCTKOCTI AopiBHIo€ 100:1. 3aBnsku
IIOMY OTIOpY B IWHAMOMETPI CIPUUMAIOTh HABAaHTAXXECHHS JIUIIIE B OJHOMY HAIlPSIMKY B3JOBXK BiCl
OTIOpH.

[Tnomii nepepis3iB BTYJIKH Ta HI’KOK OTIOPH PIBHOBEJIMKI Ta BUOpaHi Tak, 11100 MaTepial Onopu
MpaLoBaB y Taiy3i NpyxHHUX Jaedopmariif. Yci onopu BUKOHaHI i3 TepMiuHO 0OpoOieHoi craii
60C2A. Onopu BCTaHOBJIEH] B HAaIIPSIMHUX BTyJIKax 6. KokHa 3 onop fuHaMoMeTpa Mae rnonepeHiin
HATSAr BEJUYMHY SKOTO pETYJIOIOTh IOBOPOTOM BIANMOBIAHMX TaloOK. 3aBISKM HATATY OIOp
YCYBAIOTHCS BC1 3a30pU Ta KOHTaKTHI JAedopmariii y cTukax jaeraineid nuaamometpa. Ha omopwu, Bici
SKHX PO3TaIllOBaHI TOPU30HTAIBHO, HAKJIEEHO I10 JIBa JAaTYMKHU: HEpIl JAaTUYUKU 3'€JHaHI B CXEMHU
BUMIPIOBaHHs CUJl Py, Py, IPYTi 1aT4uKK B CXeMY BUMIprOBaHHSA My, JIpOTH Bijl KOXKHOTO JIATYMKa
BUBEJICHI 4Yepe3 OTBOPU B KOPIIyCi JTMHAMOMETpa 1 NMpHUEIHAHI J0 KJIeM Ha MaHelni, Je JaT4YUKd
3'€IHYI0Th Y BUMIpIOBaJIbHI cxeMu. Juramometp Y JIM-600 mipairtoe B Takwmii crioci6. ITix giero cumm
pizaHHs 1ePOpPMYIOTHCS IEpEBAXKHO OTOPH, K HAMEHIII )KOPCTKI IeTalli THHAMOMETpa, HalpHKIIaJ,
IIPY HaBaHTa)KEHH1 BEPTUKAJIbHOIO CUJIO0 P, 1eopMyIOThCs BEpTHKANIbHI ONOpU. J[pOTOBI JaTUHKH,
HaKJICEH] Ha BEPTUKAJIBHI OMOPH, 3'€JHAHI TAKUM YMHOM, 110 TIOKa3aHHS JUHAMOMETpA HE 3aJIekKaTh
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BiJl TOYKM 3aCTOCYBaHHs CUJIHM pi3anHs. PoOoTa munamomerpa npu Bumipi P, i Py, aHanoriuna Horo
po6oTi pu BuMipi P,. [1ix niero KpyTHOTO MOMEHTY 1e(OpPMYIOThCS BC1 TOPU30HTAIBHI onopu. [pyri
JPOTSHI JaTYNKH, HAKJICEH] Ha 111 OTOPH, 3'€IHAHI TAKUM YMHOM, II0 CUTHAJI BUMIPIOBAJIbHOI CXEMHU
IPOTOPUIHHUKE KPYTHOMY MOMEHTY M.

Pospaxynku 3 moOymyBaHHSAM TpadikiB € BpaxoBaHI CHJIM pi3aHHS SKI OIIHEHO 3a
JOMIOMOTOI0  JMHAMOMETpa  JO3BOJSIOTH  3pPO3YMITH  LUIAXH  KEpyBaHHA  IPOLIECAMHU
TepMOQPUKIIIHHOTO Ta IHIIUX METOJIB OOpOOJICHHS 3a MOAIOHOI0 TEXHOJIOTIYHOK CXEMOI0, e
BUKOPUCTOBYETHCS (PpUKIifHA Ta MeXaHI4HA CKJIaAoBi. Hampukiaa MoXHa 3MIHIOBATH TOBIIUHY
TUCKY a00 3MIHIOBaTH PEXHUM OOpOOJICHHS, ajieé BCe 1€ MOBUHHO OyTH 3pOOJICHO 3 ypaxyBaHHSIM
MOJKITUBOCTEH BepCTaTa, IKUi 3aCTOCOBYETHCSI B 00OpOOIICHHI.

Tomy, 3rigHO 3 HOPMYIIOI0 PO3paXyHKY KPUTUYHOI HAaBaHTaXXEHHSA Py, 13 YMOB CTIMKOCTI ITpH
TepMO(PUKLIHHOMY po3pi3aHHi, sike 6arato pokiB gociixyBaB B HTY «XIID» npod. Cuzmii F0.A.
31 CBOIMH YYHSIMH, BBaXKAEMO, IO 10 3aJEKHICTh MOKHA 3aCTOCYBATH 1 AJs TePMO(PUKIIHHOTO
o6pobnenns mosepxHi (TPO), sike MOKHA PO3TIIAIATH, K PI3SHOBU/I TEPMOPPUKIIHHOTO PO3Pi3aHHH,
a takox g1 ®TMO:

- s [D-L
Py =0245-E-h?- [= 5= K, (1)

ne: h— toBmuHa aucka; E — Moayns npyxHoCTi Matepiany aucka; K3 — koedirieHT 3armacy.

Ockinbku popmyna (1) He BpaxoBye HEIJIOCKICTh AUCKA, TOPIIEBe O1THHS, a BIAMOBIAHO 1 OTO
MOYATKOBHUU MPOTHO 1 €KCHEHTPUYHICTH J0JaTKIB HaBaHTAKEHHs, TO CIIiJ| o4yikyBatu Pxp 3HaYHO
MeHIIIe, HiXk po3paxyHkose 3a (1). Takum yrnHOM, MOTpiOHA eKCTIEpUMEHTaIbHa MepeBipKa CTIMKOCTI
peanbHO €KCIUTyaTOBAaHUX JHUCKIB.

Jlucku ToBIIMHOIO MeHIIe 0,5 MM HETEXHOJIOTIYHI Y BUTOTOBJICHHI, TOMY TOBIIMHA peabHO
3aCTOCOBYBaHHUX JIMCKIB MIOBUHHA OyTH 0OMexeHa po3MipoM He MeH1e 0,5 mm.

baxkaHHs1 3MEHIINTH TOBIIMHY TUCKA MOSCHIOETHCS OYIKYBAHHSAM 3MEHILIEHHS CUJIM pi3aHHS,
a, BIATIOBIAHO, 1 BUTPAT €HEPTii Ha orepalliro 00poosieHHs. Y TOM ke Jac BIJJOMO, 1110 TIPU PO3pi3aHHI
TOHKHM JIUCKOM, TOOTO, KOJIM JDKEpEIIo Terjla By3bKe Ta JIOPIBHIOE TOBIIUHI JHUCKA, TEMIIEpaTypa B
30H1 KOHTAaKTy JMCKa 13 3arOTIBKOIO, IO 3a3Ha€ 0OpOOJIEHHS 3HAYHO MEHINA, HIXK MPU HIMPOKOMY
JDKEpel Teria MpH 1HIIHMX piBHUX yMoBax. [10sICHIOETBCS 11e TUM, 10 TEIJIO Bijl BY3bKOI'O JKepena
OUIbII IHTEHCUBHO MOLIUPIOETHCSA B O14HI CTOPOHM B1Jl HBOTO, HIXK BiJ] IIMPOKOTO JKEpesia Tera.

3arponoHOBaHO MOPIBHATH PO3PaXyHKOBI TEOPETUYHI 3HAUEHHS TEMIIEpaTypu Ha MOBEPXHI
KOHTaKTHOTO JIMCKA i3 3arOTOBKOO JUIs TOBIIMHM Jrcka h=0,5 MM mpu OJHaKOBiil iHTCHCUBHOCTI
TEIJIOBOTO MOTOKY (. I 1[bOr0 MOKHA CKOPHCTATHCA PIIIEHHSAM 3a/1adi OMHCY TeMIIEpaTypHOIro
TTOJISI BiJ] TUIOCKOT'O PyXOMOTO JKepera Teria 1o MOBEpXHI HamiBIpocTopy [23]:

[TpoBeneHe TeopeTHUYHE IOCITIJKEHHS J03BOJIE€ 3POOUTH BHCHOBOK, IO B IIMPOKOMY
JOKEpeJl TeTula po3irpiB MaTepianxy 3aroTiBKH, IO OOPOOTIOEThCS OUTHII BUCOKHWMA 1 BIH JICTIIE
BUJANISETbCA JUCKOM, IO oOepTaeThcsi. ToMy mpu OuiKyBaHHI 30UIbIIEHHS CHIM pi3aHHS 31
301IBIIEHHSM TOBILMHU JIMCKA, CJIIJl BPaXOBYBATH, 1110 PO3ITPiBaHHS METaNly OUIbII TOBCTUM JUCKOM
BUIIIE, & CHJIA Pi3aHHA 1010 00epTy ANCKA 3MEHIIYEThCA, 32 PaXyHOK BUAAJICHHS BEJTMKOTO 00’ €My
MeTay 0e3MoCcepeIHbO 13 30HU 00po0IeHHs . TakiuM YUHOM, OYE€BHIHO, ICHY€E ONITUMAJIbHE 3HAUYCHHS
TOBIIUHM JIHICKA.

Jlns BU3HAUCHHS ONTHUMAJIbHOTO 3HAYCHHS TOBUIMHU Jucka h, Oymu TpoBeeHi
eKCIIePUMEHTH 3 TuckaMu ToBIKHOIO 0,5 MM, 1 MM, 1,4 MM. Bpizna nogaua mmidyBanbHOT 6a0ku 3
GPUKIIHHUM TUCKOM 3aMICTh HUTIQYBAJILHOTO Kpyra 3/1HCHIOBajacs 3 MOCTIHHUM 3ycuuisiM Py.
IBuakicTs pizanHs V mpuiiManacs He3MIHHOI (dka 3a0e3nedeHa XapaKTepUCTUKaMHU BepcTara
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naHoro Tumy). PeectpyBaBcs, i3 3amucoM Ha camomnuurydomy mnpuctpoi mon. H327-5, Tok
HaBaHTaXeHHsA B y ABUryHI1 npuBoy oOepTaHHs JMCKa, 110 JO3BOJISE BUPAXyBaTH OKPYKHY CUILY
pi3aHHS:

PZ=U-|H-://§-COS¢ | o

ne U — manpyra (380 B); cos @ =0,89; V — mBUaKiCcTh pi3aHHs, M/C.

[To 3amucam TOKY HaBaHTaXCHHS JBUTYHA Ha CAaMOIIMCII BijpaxyBaBcsi 4yac 0OpoOJieHHS t,
cek. B skocTi mapamerpa onTuMi3allii BAKOPUCTOBYBAJIacsi MUTOMa co0iBapTicTh 00podnenns Cy,
sKa TIPEJICTABIIsIE COOOK CyMy BHTPAT Ha 3apIUIaTHIO Ta €JICKTPOCHEPTilo, BiAHECEHI JO IUIOIIi
00pOOJICHHS:

P,-V-t-Co+Cs-t-1000
Cyo = PR
9000- 7 - (D? —d?)

(3)

ne: Pz H, V m/c, T cex, CE— BapTicTh O/IHI€T KIJIOBATT TOAMHU eJeKTpoeneprii, C3 — ronuHHa TapudHa
CTaBKa.

I3 rpadikiB puc. a, 6 BUAHO, MiHIMaJbHE 3Ha4YeHHS cuiu P; 1 koedimieHT Tepts K
BIJIIOBIJAIOTh JUCKY TOBHIIMHOKO 1 MM. Jlucku ToBmmHOIO 1 MM 1 1.4 MM 3Ha4HO CHJIbHIiIIE
PO3ITpiBalOTh MOBEPXHIO, MO0 OOPOOIIOETHCS, TOPIBHAHO 3 IUCKOM TOBHIMHOK (0.5MM, Ha IO
OTIOCEPEIKOBAHO BKA3YIOTh BETMYMHH KOe]IilieHTiB TepTs. Bonu nis auckiB ToBmuHOKW 1 MM 1 1,4
MM 3HAa4YHO MEHIII, HIX Ui Jucka ToBuHO0 0,5 MM. Li pe3ynbraT miATBEpKYIOTh BUKOHAHUN
BUIIIC TEOPETHYHHI aHaNi3 BIUIMBY IIUPUHU JDKEpeNa TeIia Ha TeMIEpaTypy MOBEPXHI KOHTAKTY
3aroTiBKH, 1110 OOPOOITIOETHCS.

3 BHKOPHCTAaHHSIM CTATHCTUYHHUX JaHUX MOKHA TPUIYCTUTH, IO ONTUMAalbHE 3HAYEHHS
TOBILMHM JIMCKa BIAMOBIa€ MiHIMyMy MUTOMOI cobiBapTocTi Cy, 1110 TOPIBHIOE, 3T1JTHO 3 rpadikom,
1 mimimerpy. TakuM YMHOM, TOBIIMHA IUCKAa B 1MM € ONTHMAaJBHOIO JJISI YMOB, KOJH JIHCK TaKOl
TOBILMHYU HE BTpayae CTIMKOCTI Ta, BIANOBIAHO, 3/1aT€H 70 €(EeKTUBHOIO OOpOOIEHHS MOBEPXOHb.
[Ipore, 1151 OKpEMHUX TEXHOJIOTTUHUX PEKHUMIB 3MIIIHEHHS TOBEPXOHb, J€ MOTPIOHO 30UIBIINTH caMe
neopmMariiiHuil BIJIUB B yMOBaX OOMEXEHOI0 pO3irpiBaHHS, MOXKIUBE 3aCTOCYBAaHHS METaJEeBHX
JUCKIB OUIBINIOT TOBIIMHY 3 ypaxyBaHHSIM BHINE€3a3HAYEHUX PEKOMEH IAIIii.

Ha pucynky 2 y Buriasai rpadiyHuX 3ajeKHOCTEH MpeAcTaBlIeHU BIUIMB €HEProCHIIOBHX
napamerpiB @TMO crani Ha pe3yJbTaTUBHICTH OOPOOIECHHS.
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Pucynok 2 — Brimus eneprocunoBux napamerpis @TMO craiti Ha pe3yIbTaTUBHICTb
00poOIeHHS

BucHoBknu

B npoueci po6oTH oTprMaHi pe3yabTaTh JOCTIIKEHb, a caMe MIKPOCTPYKTYpY CTaili Micis
sminiHeHHa 1osixom @TMO Ta pexomeHJ0BaHI 3HAUYEHHS TOBIIMHM JHUCKA SIKUH JO3BOJISIE
OTPUMYBATH ONTUMAJbHY SIKICTh 3Mil[HEHHs. Tak, MpH NMPOBEJEHHS NaHOI JOCHITHUIBKOI pOOOTH
OyJ10 3/11MCHEHO TIOTIEPETHE TepMIUHE 3MIITHEHHS Ta J0JIaTKOBE 3MIITHEHHS 3pa3KiB 13 craii 651 3a
nonomororo @TMO, 1110 103BOJIMIIO 30UIBIIUTH MIKPOTBEPAICTh CTalli B 30HI 0OpOOJIEHHS B OHA/
2 pa3u. IIpu npomMy MIKpOTBEPIICTH OYyJI0 30UIBIIEHO TEPMIYHUM LUISIXOM /10 PiBHS Oiau3bko 580
kr¢/MM? 1o exBiBaentHo 5800 MIla, a micis ®TMO wmikpoTBepaicTs 3pocna g0 1300 kre/mm?,
mo Bianoigae 13000 MITa. Takoxx moka3aHo, 110 3MIIHEHUH «Oiumuid» map, mo chopMOBaHO IpU
OTMO, posTamoBaHuii Mo BCIA iX JOBXKHHI OOpOOJIEHHS Ta € CYNUIBHHUM, IO XapaKTepH3ye
OJTHOPI/IHICTh Ta PIBHOMIPHICTb 3MIIIHEHHS MOBEPXHI 3pa3KiB.

OxpiM TOro MpoBEIEHO BU3HAYEHHS po3moJiily HaBaHTaxeHHsS pu @TMO 3a nonomoroxo
JMHAMOMETPA Ta PO3PAXOBAHO OKPYXKHY CHIIY pi3aHHs, 110 JO3BOJIMIO BCTAHOBUTH 3aJIEKHOCTI, SIK1
MOKa3yI0Th XapaKTePUCTUKU 3MIIIHEHHS 3 ypaXyBaHHSM TOBIIMHU JTUCKYy. BpaxoByrouw mi maHHi
3po0IieH1 peKOMeHIallil I[0J0 ONTUMAJIbHOT TOBIIMHH 3MILIHIOBAJILHOTO TUCKY.
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UDC 620.175.2:669.15

APPLICATION OF NEW PLASMA COATINGS FOR RESTORATION OF THE
SURFACE OF MATERIAL®

Sharovka V., student of group MC-26t11-21
Kharkiv National Automobile and Highway University

Abstract. The study analyzed powder materials to obtain wear-resistant coatings. Field tests for wear
resistance were conducted using the method of friction between two surfaces. The tests were carried
out on the universal test bench SMC-2 at a rotation speed of 200 rpm. A pressure of 100 kgf was
applied to the test sample. The wear resistance test cycle comprised 200,000 revolutions, with
lubrication provided through the drop method. Special powders were used in the experiment,
including PG-SR3, PN55T45, and PR-Ni70Cr17S4R4 + 20% PT-AISN with a PT-AI5N underlayer.
The selection of wear-resistant coatings was based on the analysis of the following properties:
adhesion strength of the coating to the base material, wear resistance of the coatings, hardness, and
porosity. Metallographic analysis of the structure of plasma coatings obtained from powders PG-
SR3, PN55T45, and PR-Ni70Cr17S4R4 + 20% PT-AII5N with three different plasma heater power
levels (10 kW, 15 kW, and 20 kW) indicated that the densest and most reliable coating among those
studied is the coating made from PR-Ni70Cr17S4R4 + 20% PT-AI5N powder. Therefore, there is no
need to increase the heater power beyond 15 kW when spraying this type of powder. The research
concluded that when obtaining wear-resistant coatings, the optimal choice is PR-Ni70Cr17S4R4 +
20% PT-AIISN powder with a PT-AISN underlayer.

Keywords: plasma coating, wear resistance, properties, structural composition, phase composition.

3ACTOCYBAHHA HOBHUX IIVIASBMOBHUX ITOKPUTTIB JJIS
BIJHOBJIEHHSA ITOBEPXHI MATEPIAJIIB.

Ilaposka B., cryaent rpynu MC-2611-21
XapKiBCbKH HAIOHAJILHUH AaBTOMOOITbHO-10POKHIN YHIBEpCHTET

Anomauyia. B pobomi npogedenuil awaniz NOPOUKOBUX Mamepianie 3 Memow 00epPIHCAHHSL
3HOCOCmIlKUX nokpummie. Hamypui icnumu mamepianié Ha 3HOCOCMIUKICMb HNPOBOOUNUCS 3
BUKOPUCMAHHAM Memoody mepms 080X N08ePXoHb. Bunpobysanns nposodunucs Ha yHieepcanvbHill
yemanosyi CMIJ-2 npu weudrxocmi obepmannsi pyxomoeo spaska 200 06\xe. Ha docnioscysanuil
3pazox 30iticnioeascs muck 100 xec. L{ukn eunpobyeans na 3Hococmitikicms cknag 3 200000
obopomis. Ilpu ybomy BUKOPUCNOBYBANU MACMULO 34 OONOMO20I0 KpAneibHoco Mmemody. B
excnepumenmi gukopucmosysanucs cneyianvii nopowku: [1I-CP3, ITH55T45 i [IP-H70X17C4P4 +
20% IIT-FO5H 3 niowapom I[IT-FO5SH. Bubip 3nococmitixoeo nokpumms 0a3yeaecs HA aHaunizi
HACMYNHUX  81ACMUBOCMEU: MIYHICMb 3 €OHAHHA NOKpUmMmMs 3 OCHOBHUM Mamepianiom,
3HOCOCMILKICMb NOKpummis, meepdicme nokpummis, nopucmicme. Memanocpagiunuii ananis
CMPYKMypu NAa3mMo8ux nokpummie, ompumanux 3 nopowkie I[II-CP3, [IH557T45 i IIP-
H70X17C4P4+20%IIT-FO5H 3 6ukopucmanHuam mpbox nOmydcHocmeu niazmoeo2o Hazpisaua (10
kBm, 15 kBm i 20 xBm), cgiouume npo me, wo camum wilbHUM i HAOIUHUM NOKPUMMAM ceped
oocniocysanux sagnsaemocs nokpumms 3 nopowky IP-H70X17C4P4+20%IIT-FO5SHTomy He icnye
HeoOXiOHOCMI NIO8UWYBAMU NOMYHCHICMb HASPIBAYA NPU HANUTIOBAHHT Yb0O20 BUOY NOPOUIK) DilbuLe
Hioc 15 kBm.

® Po6oTa BUKOHAHA ITiJ KepiBHUITBOM npodecopa I'mymxkosoi [1.5.
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IIposedeni Oocnidoicenns nokasany, wo nNpu OMPUMAHHI 3HOCOCMIUKO20 NOKPUMMS
npiopumemHum € eudip nopowry IIP-H70X17C4P4 + 20% IIT-FO5H, wo mae niowap I[1T-FO5H.
Knwuosi cnoea: nnazmoge noxpumms, 3HOCOCMIUKICMb, 61ACMUBOCMI, CMPYKMYPHUU CKLAO,
Gaszosuiti cknao.

Introduction

The structure of a material formed under various thermodynamic factors has a significant
impact on its properties [1-3]. Applying a coating to the surface of a material involves creating a
relatively thin layer from another material, aimed at improving the surface properties of the base
material (substrate), complementing other methods such as heat treatment or alloying [4-6]. Surface
restoration of materials undergoing tribological processes is a critical challenge in modern materials
science [7-9]. The process of restoring the surfaces of various materials has become a necessity due
to various scientific and technical reasons [10, 11]. For instance, the demand for materials is partly
met by using materials with rejuvenated surfaces [12-14]. Additionally, surface restoration allows for
continued use of components that are not entirely worn out [15]. Furthermore, restoration contributes
to material savings in the production of new machinery, as restoring components requires 20-30 times
less material compared to manufacturing them from scratch [16, 17].

One of the most effective methods to combat wear is the application of protective coatings [18,
19]. This approach creates a composite material that combines the strength of the base material with
the high durability of the outer layer (coating), which can withstand environmental exposure and
contact loads. In recent years, thermal spray coating methods have become increasingly popular [20,
21]. This is due to their versatility, allowing for the application of various coatings with minimal
thermal impact on the base material, enhancing the reliability and durability of machine parts and
mechanisms by increasing their resistance to wear, while also restoring the dimensions of worn-out
components. Additionally, these methods help conserve high-alloy steels and non-ferrous alloys, as
they enable the replacement of parts made from these materials with components made from standard-
grade steel or cast iron with applied coatings.

One of the most effective methods for thermal spray coating is plasma arc coating with
powdered materials. The practical use of this technology in various engineering fields demonstrates
its broad potential in terms of material, energy, and labor resource savings.

Objective and problem statement

Given the above, the aim of this study is to determine the characteristics of plasma coating used
for material restoration to improve their wear resistance. The work explores the processes of forming
the structure and properties of plasma coatings applied using powdered materials with varying
chemical compositions.

Material and methods

Coatings with high hardness are achieved by spraying PT-Yu5N powders with a final layer of
PR-Ni70Cr17S4R4 + 20% PT-AI5SN, PG-SR3, and PN55T45 (Table 1). The PT-AI5SN powder is
known for its high wear resistance, as well as its resistance to corrosion and impact loads. These
powders are used for surface restoration and as a base layer for applying harder coatings. Coatings
made from PR-Ni70Cr17S4R4 powder exhibit insufficient resistance to abrasive wear, but the
addition of 20% PT-AI5N powder enhances their abrasive resistance.

The PG-SR3 powder is used for cladding and coating components subjected to intense wear at
temperatures up to 600°C and under aggressive environments. The PN55T45 powder (with a melting
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point of 1240°C) is utilized as a wear-resistant coating for shaft-type components due to its high
resistance to alkaline and oxidizing environments.

For spraying coatings on steel samples used in crankshaft manufacturing, an argon-nitrogen
plasma generated on the UPU-3D installation was employed.

Table 1 — The composition and properties of the investigated powders

Powder Composition Hardness

PT-AISH Ni —14.2%, Al — 0.18% 210 HB
) C—-0.8-1.2%, Si — 3.8-4.5%, Cr — 16-18%, B — 3.1- 55 -60 HRC
PR-NI70Cr1754R4 4,0%, Fe <5 % Niis a base 534 - 601 HB
PG- SR3 C-0.4-0.7%, Si — 2.5-3.5%, Cr — 13.5-16.5%, B — 44 — 48 HRC
2.0-2.8%, Fe <5 %, Ni is a base 415 - 461 HB
) .. 55 -60 HRC

_ [0) _ 0, _ - 0,

PN55T45 C—-0.07%, Fe — 0.2%, Ti — 43-47%, Ni is a base 534 — 601 HB

The main quality criterion for plasma coatings is the adhesive strength between the coating
layer and the base metal, which depends on several factors. Adhesion primarily depends on the
surface preparation and the properties of both the applied coating and the base metal. Residual stresses
can also impact the adhesion strength.

Results and its discussion
As illustrated in Figure 1, compressive stresses (os) in the coating may lead to additional

stresses (cA) directed toward the base metal. The resultant compressive force (6D) can exert pressure
on the sidewalls of the thread profile, potentially causing a stressed state in the applied coating.

R PRI SRt
SELTERS

Thorough surface preparation and pre-heating of the component to 200°C, along with uniform
and gradual cooling, help prevent shrinkage and delamination of the coating from the base metal. The
adhesion strength of the coating to the base metal was assessed through a pull-off test using adhesive
(adhesive bonding test).

The wear resistance of materials and coatings is largely determined by their microstructure,
as it defines the dislocation nature of wear. Wear resistance was measured using the SMC-2 machine,
designed for wear testing and evaluating the antifriction properties of materials during sliding and
rolling friction at normal temperatures. The machine used sample pairs of the types "disk-to-disk",
"disk-to-block”, and "sleeve-to-shaft".

Comparative tests to determine the adhesive strength of coatings using an adhesive bonding
test were conducted. The following materials were used for plasma spraying: PG-SR3, PN55T45, and
PR-Ni70Cr17S4R4 + 20% PT-AI5N with a PT-AISN underlayer.
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To assess the properties of each material, three samples were prepared, with dimensions in
accordance with DSTU standards. Before testing, they were conditioned for 16 hours. The tests were
conducted on a tensile machine at a temperature of 20°C, and the results are shown in Figure 2.

The material PR-Ni70Cr17S4R4 + 20% PT-AISN showed the highest result (maximum
adhesion strength of 52 MPa), but with significant variance in the measurements. Therefore, the
material PN55T45 is preferred, as it showed less variance in results while maintaining sufficiently
high adhesion strength.

2

— -

—o PG-5R3

—=—PN55T45

PR-N70X1754R4 +
+20% PT-YSN

10

Connection strength, MPa

1 2
Trial
Fig. 2. Results of materials testing for adhesion strength.

-
>

Comparative tests were conducted to evaluate the wear resistance of materials using the two-
surface friction method. The tests were carried out on the universal SMC-2 testing unit. During the
tests, the rotating sample was spun at a speed of 200 rpm, with a pressure of 100 kgf applied to it.
The test cycle consisted of 200,000 revolutions, and lubrication was applied using the drip method.

The samples for rotation were cut from a crankshaft without a coating layer, as well as with a
coated layer from the alloys PG-SR3, PN55T45, Cr20Ni80, and PR-Ni70Cr17S4R4 + 20% PT-AI5N
(with a coating thickness of 0.3-0.4 mm), without surface machining. The results of the experiments
are presented in Table 2.

Table 2 — Results of Wear Resistance Tests Conducted

A couple of tests Wear, grams Total wear, Total wear, Total wear,
rotating stationary grams Friction | grams Friction | grams Friction
Ne sample sample moment, moment, moment,
/1 kgf*cm Friction kgf*cm kgf*cm
coefficient Friction Friction
coefficient coefficient
1 Steel 45 (without surfacing) 0.037 0.0513 0.0880 15-16 0.10-0.11
p | Steel 45 (without surfacing) +\ 51003 | 0.0855 01878 1518 012-026
PG-SR3
Steel 45 (without surfacing)
3 +PN55T45 0.069 0.0860 0.1479 18-19 0.10-0.12
Steel 45 (without surfacing) +
4 PR-Ni70Cr17C4P4 + 20% 0.030 0.0405 0.0705 15-16 0.10-0.11
PT-AISH

The analysis of the obtained results indicates that the material that wears out the fastest is PG-
SR3, as shown in Table 2. The best wear resistance results were achieved with the material pair of
St45 (without coating) and PR-Ni70Cr17S4R4 + 20% PT-AISN.
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An analysis of the microstructures of plasma coatings obtained from PG-SR3, PN55T45, and
PR-Ni70Cr17S4R4 + 20% PT-AI5N powders, using different plasma torch power levels (10 kW,
15 kW, and 20 kW), as illustrated in Figures 3 and 4, revealed the following characteristics:

— All samples exhibit a layered structure, typical of sprayed coatings, resulting from the
formation process where molten particles impact a solid surface.

— The presence of pores and non-metallic inclusions in the form of oxides and nitrides was
identified, arising from the interaction of the powder with nitrogen plasma and the contact of heated
powder with oxygen from the air that enters the plasma jet.

— The densest coating was obtained from PR-Ni70Cr17S4R4 + 20% PT-AI5SN powder, and to
maintain high quality, a heater power of 15 kW is sufficient; higher power is not necessary.

Fig. 3. Microstructure of plasma coating obtained from PG-SR3 powder at different plasma
torch power levels: a - at 10 kW; b - at 15 kW; ¢ - at 20 kW, x200 magnification.

Fig. 4. Microstructure of plasma coating obtained from PR-Ni70Cr17S4R4 + 20% PT-AI5SN
powder at different plasma torch power levels: a - at 10 kW; b - at 15 kW; ¢ - at 20 kW,
%200 magnification.

An analysis of the microstructures of plasma coatings from PG-SR3, PN55T45, and PR-
Ni70Cr17S4R4 + 20% PT-AI5N, along with studies on the adhesion strength of the coating to the
surface, hardness, wear resistance, and porosity, indicated that the best coating for restoring
crankshafts is Ni70Cr17S4R4 + 20% PT-AISN.

Conclusion

1. The studies showed that the most common types of crankshaft wear are the wear of connecting
rod journals (96%) and main journals (94%). Other forms of wear include keyway wear (50%), wear in
the hole for the guide pin (17%), crankshaft bending (10%), and the occurrence of cracks (7%).

2. It was found that the most effective technology for crankshaft restoration is plasma spraying.
Among the powders used for spraying, the following are recommended for comparison: a PT-Yu5N
underlayer with a final layer of Ni70Cr17S4R4 + 20% PT-AI5SN (where PR-Ni70Cr17S4R4 is very
hard, thus adding 20% PT-AI5N improves its wear resistance), as well as PG-SR3 and PN55T45.
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3. An analysis of the microstructures of plasma coatings made from PG-SR3, PN55T45, and PR-
Ni70Cr17S4R4 + 20% PT-AI5N, along with tests for adhesion strength, hardness, wear resistance, and
porosity, indicated that the best option for crankshaft restoration is Ni70Cr17S4R4 + 20% PT-AI5N.
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0310BJIIOBAJIbHO-3MIIIHIOBAJIBHA OBPOBKA IIITOBXAYA KJIAITAHA B3

JlutoBka /I.€., cryaenTt rpynu, MC-31-21
!XapkiBcbkuii HaNiOHALHUI ABTOMOGILIBLHO-I0POsKHIl yHiBEpCHTET

Anomauyia. In order to improve the quality, it is proposed to subject the valve pusher of internal
combustion engines of road construction and lifting and transport vehicles to finishing and
strengthening treatment by surface plastic deformation - hydroblasting.

Knrouosi cnosa: wmosxau kianaua, 8UCOKOMIYHULL YABYH, 2i0pOOpobOCMPYMIHHA 0OpOOKa.

FINISHING AND STRENGTHENING PROCESSING OF THE PUSH VALVE OF THE
INTERNAL COMBUSTION ENGINE

Litovka D., student of group MC-31-21
Kharkiv National Automobile and Highway University

Abstract. In order to improve the quality, it is proposed to subject the valve pusher of internal
combustion engines of road construction and lifting and transport vehicles to finishing and
strengthening treatment by surface plastic deformation - hydroblasting.
Key words: valve pusher, high-strength cast iron, hydrojet processing.

Beryn

Jns 3abe3nedeHHs HaAliHOI poOOTH JBUTYHIB BHYTPIIIHBOIO 3TOPSHHSA HEOOXigHA
edexkTuBHEe (DYHKIIOHYBaHHS Ta3opo3noAiIbHOTO MexaHi3my [1]. PoGorta ra3opo3moaiibHOTrO
MexaHizmy (I'PM) nmonsirae B CHHXpOHHOMY pyci ABOX BaJliB — KOJIIHYACTOTO Ta PO3MOAUIBHOTO.
[TapanensHe oOepTaHHs BajdiB 3a0e3nedye CBOEYACHE BIAKPUTTS Ta 3aKpUTTS BIYCKHUX Ta
BUITYCKHUX KJaMaHiB UWIiHApiB 1aBuryHa. llIToBxad kiamaHa mepenae pyx BII KyJiauyka
PO3MOAITFHOIO Baly [0 KiamaHa 1 3abe3neuye epekTuBHy poOoTy asuryHa. IlItoBxau mpaiioe B
yMOBax TepTs 1 3HOIIYBaHHS, CEPEAHIX 3HAKO3MIHHUX HaBaHTa)KEHb.

AHaniz nyGaikamii

[IIToBxay kiamnaHa — BaxkjauBa aeraib [ PM, npu HecripaBHOCTI K01 poOOTa JBUT'YHA 3HAYHO
noripuryethesi. LIIToBxaui BUrOTOBMISIOTH 3 JeroBanux cranend 15X, 20X 12XH3A i 18XH3A Ta
MIJAAaI0Th XIMIKO-TepMIuHIN 00poO1li, 31 cTtani 45 3 HACTYNMHUM MOBEPXHEBHM TrapTyBaHHSAM abo
3HOCOCTIMKHMM HarIaBIeHHAM. Y JESKHUX JBUTYHAX HMITOBXadl pOOJISATH 3 YaBYHIB, 1110 BiA0LTIOIOTHCS.
[ToBepxHs mITOBXaYa, 1O TPETHCS, B MICI[l 3ITKHEHHS 3 KyJIadkoM Mae chepudny Gopmy (puc 1).

JUis  BUTOTOBNIEHHS BIAMOBIAAJIbHUX J€Taliedl JABUIYHIB 3HAXOJATh BUKOPUCTAHHS
BHUCOKOMII[HI YyaByHHU 3 KyJaucTuM rpagirom (BUKI), ki xapakTepu3yroThCsi BUCOKOIO TBEPIICTIO 1
MIIHICTIO B MO€IHAHHI 13 3HAYHOIO IJIACTHYHICTIO Ta YJIAPHOIO B'S3KICTIO, BUCOKOIO 3HOCOCTIHKICTIO,
NOOpUMH JIMBApHUMU BJIACTUBOCTSIMH. BucokominHuii 4aByH 3 KyJsictuM rpadirom (BUKI') mae
JOCTaTHbO IIMPOKHUM [iarna3oH eKCIUTyaTallifHUX BIACTUBOCTEH, 10 pPOOUTH HOro He3aMiHHUM
KOHCTPYKLIMHUM MaTepiajioM B 0araTbox raiay3sX TEXHIKH 3aMICTh JIUTOI 1 KOBAHOI cTaii, Ciporo Ta
KOBKOTO YaBYHIB [2].

10 Po6oTa BUKOHAHA Iij KepiBHUITBOM mouenTa Jlanasaposoi H.O.

67



lr'.l
D
{
o
9
|¢

]

Pucynok 1 — I'puOkoBuii mroBxau KjanaHa

3acrocyBannsa smtTs 3 BUKI crnpusie BUpOOHHMUTBY JAeTaneld Majioi MeTaJOe€MHOCTI,

0COOJIMBO TPH MOEIHAHHI TTPOIIECIB BUIIJIABKM BUCOKOMIIIHUX CILJIABIB 31 CITOCOOAMU TOYHOTO JIUTTS
B Miniadi popmu.

Meta po6oTH i 3aB1aHHs

MeToro po0OOTH € TMOKpalleHHs SKOCTI MITOBXaya KjalaHa 3 BHCOKOMIIIHOTO YaBYHY 3a
paxyHOK MPOBEACHHSA 03100JII0BaIbHO-3MiIHIOBaTBbHOI 00poOku I/l — rimpoapobocTpyMiHHOL
00pOoOKH.

Jnis nocsirHeHHst 1iel MeTH OyJin MOCTaBJIEH] Ta BUPILIEH] HACTYITHI 3aB/IaHHS:

- BUBUEHHS YMOB POOOTH HITOBXAua;

— BHOIp CKJIaJy YaBYHY, PEKUMY 00'€MHOI TEPMIYHOI 0OPOOKHM 1 TOBEPXHEBOTO 3MIITHEHHS
JUis 3a0e31eueHHs BJIaCTUBOCTEH 3a mepepi3oM MITOBXaya Ta B TOBEPXHEBOMY IIIapi;

— BUOIp MeToay 03700JII0BaIbHO-3MIIHIOBAIBHOI OOpOOKHM IOBEPXHEBUM IUIACTUYHUM
negopMyBaHHSIM I OTPUMAaHHS BUCOKOT SIKOCTI IIOBEPXHEBOTO APy .

MarepiaJj i MeTOAH TOCTiTKEHHS

Jliss BUTOTOBJICHHSI IITOBXaya METOAOM JIUTTS B OOOJIOHKOBI (pOpMH BUKOPHCTOBYBAIU
BHUCOKOMIITHMM 4aBYH 3 KYJISICTUM IpadiToM, SKUH OTPUMYBAIM IIIIXOM MOAM]DIKYBAHHAM 3al1i30-
KpEeMHili-MarHieBoro Jiratypoto 3KM-2.

B Tabmuui 1 HaBenenuil XiMiuyHHMMA Ckilaj 4aByHY. BHU3HaYeHHS XIMIYHOTO CKJIaJy YaBYHY
BUKOHYBaJIM Ha IOPTAaTUBHOMY ONTHYHOMY eMiciiiHoMy aHanizaTtopi PMI-master UVR.

Tabmuns 1 — XiMIYHUI cKI1a]] 1OCIHIIKYBAaHOTO YaBYHY 3 KyJIbKOBUM IpadiTom

Bwmicr emementiB, %
c | si | Mn S P Ni cr | mg | Byrreuesuid
CKBIBAJICHT
339 | 2,57 | 0,66 | 0,0066 | 0,068 | 0,15 | 01 | 0,050 43

3pa3ku 17151 MPOBEACHHS JOCIIKEHDb 3aJIMBAJIA Y BUTIISAL IWTHAPIB AiameTpoM 60 MM Ta
IOBXXUHOI 80 MM.

JlocmipkeHHST  MIKPOCTPYKTYpH YaBYHY HpPOBOIMIIKCS Ha ONTHYHOMY IH(BPOBOMY
MIKpPOCKOTII.
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Jluta cTpyKTypa BUCOKOMIITHOTO YaBYHY SIBJISIE COOOI0 KPYIHOIIACTUHYACTUH NEPIIiT, peput
y BUIIISAAI OOJISIMIBKM HABKPYTH BKJIIOYEHBb Tpadity 1 Kymsctuii rpadit. CTpykTypa 4aByHHOTO
BHJIMBKA XapaKTEPU3Y€ETHCSI PO3BHHEHOIO JIIKBAIIE€I0 XIMIYHUX €JIEMEHTIB: KPEMHIH CXWJIBHHUH 10
3HA4YHOI 3BOPOTHOI JIiKBaIlii, Mapraneus i pochop — 10 mpsimMoi.

MakpoTBepAiCTh BUMIpIOBaIM Ha TBepAoMipi PokBerma 3a mkanoro «Cy». st BUMiproBaHHS
MIKpOTBEPJIOCTI BUKOPUCTOBYBanu MikpoTBepaomip [IMT-3 3 anmma3HOI YOTHPUTPAHHOIO
MipaMiJIoro 1 HaBaHTaKEHHIM S50 T.

O0'emHy TepmiuHy 00poOKy mpoBomuian B MydenbHin meui tumy CHOJL. TloBepxHese
rapryBadHs CBY 3MillHIOBaHOT MOBEPXHI BUKOHYBAJIM BUCOKOYACTOTHUM JIAMIIOBUM T€HEPATOPOM
BUI' 6-60/0,4 B OIHOBUTKOBOMY METJIHOBOMY I1HIYKTOpi OXOJOMKEHHS IPOBOJIWIN BOJOKO 13
crpeepa.

[Ticns rapryBanns CBY mpoBomgwim TigpoapoOOCTpyMiHHE 3MIITHEHHS Ha CHEIliadbHIN
YCTaHOBII JUTSI TiAPOAPOOOCTPYMIHHOTO 3MIIHEHHS. B SIKOCTI €HEpProHOCis BHKOPHUCTOBYBAIH
CTpyMiHb CTUCHYTOTO MOBITps Ta pinuuu mia tuckom 1,0 Mlla 3 konnentparieto apody 30 %.

Jlsis BUMIpPIOBaHHS IIOPCTKOCTI BUKOPHCTOBYBAJIM TOPTATUBHUHA BUMIpIOBAad MIOPCTKOCTI
mozem TR200 3a mapamerpom Ra.

BunpoOyBanH Ha TepTs Ta 3HONIIYBAaHHS BHKOHYBAIM 32 CXEMOKO «POJIMK-KOJOIKa» Ha
MammHi TepTst CMLI-2, sika BIATBOpIOE poOOTY pealibHOT Hapu TepTH.

Pe3yabTaTH gociaiazKeHHs

Amnati3 po60TH HITOBXa4ya ra30po3M0LIbHOTO MEXaH13My [10Ka3aB, 1110 BiH MPALIO€ B yMOBaxX
MOMIPHUX IUKITIYHUX HABAaHTAXXEHb, a TOPIEBA IMOBEPXHS — B YMOBAaX TEpPTS Ta 3HOIIYBAHHS 1
3HaYHUX KOHTAKTHUX Hampy>keHb. BUXOASUYM 3 1IbOr0 BiH NOBMHEH MAaTH JOCTATHIO MIIHICTh Ta
yIapHY B'SI3KICTh B CEPIIEBUHI, 11100 ONMUPATUCS 3HAKO3MIHHUM HaBaHTAXEHHSIM, Ta BUCOKY TBEPIICTh
TOPLIEBOI MOBEPXHi, 5IKAa 3HAXOAUTHCS B KOHTAKTI 3 MOBEPXHEIO KyJayka, 1100 onupaTucs 3Hocy. Y
3B'A3Ky 3 TUM, II0 BHUCOKOMII[HMI YaByH B JMTOMY CTaHi Ma€ HM3bKUI DPIBEHb MEXaHIYHHX
BJIACTMBOCTEH, ITOBXA4 Mi/1aBajal 00'eMH1N TepMiuHii o0poOIl — HOpMai3allii 1 TOBEPXHEBOMY
3MIIIHEHHIO 32 peKoMeHaamismMu [3].

[Ticns rapTyBaHHS MIKPOCTPYKTYpa 3MIIHEHOTO IIapy — JpIOHOMMCIIEPCHUN MapTEHCUT
Biamycky, TBepaicth — 50 HRC (510 — 515 HBW).

Ha puc. 2 mpencraBieHa MIKpOCTPYKTypa 3MILIHEHOTO MOBEPXHEBOTO IIapy YaBYHY —
NpiOHOAMCIIEPCHUN MapTEHCUT.

[Ticnst rapTyBaHHS 3MilHEHY MOBEPXHIO IMiaBajli YACTOBOMY TOUIHHIO 3 PEKUMOM: S =
0,07 mm/06, V =160 m/xB, t = 0,1 mMm. lllopcTkicTh 00po6ieHOT MOBepXHI — 0,6 MKM.

[Ticnst mOBepXHEBOTO 3MIITHEHHS JUIs MOKPAIICHHS SKOCTI IMMOBEPXHEBOTO Iapy IITOBXad
mifaBald  MOBepXHeBOMy IutacTuuHoMy gaedopmyBanHio (IIIIJ]) rixpoapobGocTpyMiHHOIO
00pobkoro. T'impompoboctpyminaa 006pooka (I'I0) BIZHOCHTBCS O METOMIB 03J00FOBAIEHO-
3MilHIOBaIbHOT 00poOkH netaneit I1I1J]. OOpobka apoGoM 3iIHCHIOETbCS ynapaMu ApoOy B MOTOL
BOAM 1 MOBITPS MO AepopMOBaHOMY MaTepially 1 BUKOPHUCTOBYETHCS NJIsl 3MILHEHHS JAeTajieil Ta
IHCTPYMEHTIB CKJIa{HOT (pOopMH, a TAKOXK /17151 00pOOKH J1eTasel, 110 MatoTh Maly )KOPCTKICTh Ta TOHKI
ctinku. llIToBXay kiamaHa Mae MOPOXKHUCTY (GOpPMY 1 HE KOPCTKY KOHCTpYyKUit0. Tomy uis Horo
03/100JTF0BAIIbHO-3MILIHIOBATIBHOT 00p0OKH Oyi10 00paHo TiIpoApoOOCTpyMiHHE 3MILHEHHS.
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PucyHnok 2 — MikpocTpyKTypa 3MIIIHEHOT'O I1apy BUCOKOMIITHOTO YaBYHY IICJIS rapTyBaHHS
CBY, x350

EdexT, mo nocsraerscst npu ['J10, 3a0e3meuyeThes 3a paxyHOK 3MIITHEHHSI TOBEPXHEBOTO
[1apy — HakJIeIy, CTBOPEHHS B IIOBEPXHEBOMY Iapi AETall CTUCKAIOYHX 3IUIIKOBUX HAINPYKEHb,
3a0e3MeyeHHs] OJHOPIIHOI TEKCTypu MeTalay Ta crneurdiunoi Mikporeomerpii, BIACTHBOi BCIM
MeTOoAaM 00pPOOKH THYYKUM POOOYNM CEPEOBUIIIEM.

B nanwmit yac apoGom 00poONSIOTH KJIamaHHI MPYKUHH, PECOpU aBTOMOOIIIB, IIECTEpHI
KOpoOOK mepeiad Ta 33HbOTO MOCTa (KOHIYHI Ta IMUJIIHAPHYHI), TPYKUHH ITiBICKH, JJIOHXEPOHH,
BaJiM, MiBOCI, IITAHTH, IIATyHH, MOPIIHEBl Malblli, JIAHKH JIAHIIOTIB, MOPIIHI, KapTepH, OJIOKU
LWITIHAPIB, TUTB3H, BTYJIKH, TIAIIUITHAKA, PIKYIHNA IHCTPYMEHT, IITaMIH Ta iH. [4]. Takox o6poOka
IpoOOM 3HAXOIUTh HIMPOKE 3aCTOCYBaHHS B aBialOy/yBaHHI JJIs MiJBUILICHHS HAIIMHOCTI Pi3HHX
€JIEMEHTIB HECYYHX KOHCTPYKIIif, 0COOIMBO HIO MPAIIOIOTh B YMOBaX BiOpaiii.

OO6pobka n1poOOM y MOPIBHSAHHI 3 IHIIMMH BHJAaMU TOBEPXHEBOTO 3MII[HEHHS Ma€ HU3KY
TEXHOJIOTIYHMX Ta €KOHOMIYHUX IepeBar. HaliOuibll BaKJIMBUMU 3 HUX € BUCOKA MPOJYKTUBHICTD,
3Ha4yHa e(EeKTHBHICTh IMPOLECY, MOXKIMBICTh 00pOOKM jaeTanedl pi3HOMaHITHUX (GopM 1 po3MipiB,
MOXJIMBICTh aBTOMATH3AIll MPOIECY, MOXJIMBICTh OJHOYACHOI OOpOOKH 3aroTOBOK BEITUKHUMH
naprisiMu, 3a0e3nedeHHs cTablIbHOT IKOCTI MOBEPXHI.

Heob6xinHO TakoX BIJ3HAYUTH MOKIIMBICTH BHKOPHCTAHHS SIK POOOYOro CeperoBUINA
YaCTUHOK pi3HOI (GopMHM Ta MaTepiajliB 3alexHO Biag Buay o00poOku. Tak, mpu 3MiIHEHHI
MIOBEPXHEBOr0 IIapy HalyacTillle BUKOPUCTOBYIOTHCS CTaJIeBl KYJbKM IMIJIIMITHUKIB KOYEHHS Ta
YaBYHHHM JUTUH 1pO0.

Y MOMEHT, KOJIK BiJIOYBAETHCS yap ApoOOM MO MOBEPXHI, yTBOPIOETHCS HEBEJIMKA BM'ATUHA,
MaTepiall HaMaraeTbCcs MOBEPHYTH IMOBEPXHEBMH I1Iap y BUXIJHUI CTaH, NEPETBOPIOIOYM BCHO
MTOBEPXHIO BM'ATUHU B 00JIACTh CTHUCKAIOYUX HampyXkeHb. Lle 3aMiHI0€ po3Tsryrodi HalpyKeHHS B
MOBEPXHEBOMY IIapi Ha CTUCKAIOYI.

Kinenp kiHIIEM Ha JIeTalli YTBOPIOETHCS MIAp CTHCKAIOUNX HAMPYKEHb, 0 MAE€ TIO3UTUBHUI
BILJIUB HAa JIOBTOBIYHICTH BUPOOY.

Jlo OCHOBHMX TEXHOJOTIYHHUX TIIapaMeTpiB HpH BUOOPI pexkuMiB 00poOKH apoOOM
BITHOCATBCS: JiaMeTp ApoOy, MIBHJAKICT MOJIBOTY JpoOy, Yac oOpoOkH, KyT aTtaku. Binm mux
napaMeTpiB 3ajekaTh pIBeHb IJIaCTMYHOI JedopMalii MOBEpXHi, INIMOMHA 3MIIHEHOro IIapy,
BEJIMYMHA 3aJMIIKOBUX HANPYKEHb 1 MIOPCTKICTh MOBEPXHI.

Bubip npoby Bu3HauaeThCs MaTepiajaoM, po3MipaMH 1 KOHGIryparlli€ro AeTaai, BAMOraMu J10
3MILHEHHS Ta IHITUMH (paKTOpaMH.

Ha ocHoBi aHamnizy niTepaTypHHUX JaHuX Oyiu oOpaHi HACTYIHI PeXUMHU 0OpOOKH TpoOOM:
miametp apody — 1,0 mm i3 crami 1IX15, gac 06po6kn — 10 — 30 XBWJIMH, IIBUAKICT TOJIBOTY
npoby — 70 m/c.

BunpoOyBanHs mpoBoniu 3 pizHUM yacoMm o0poOku — 10, 20 1 30 xBuiuH,
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Jletani 3 BUCOKOMIITHOTO YaBYHY ITiIIaBaIl HOpMadi3allii, motim rapryBanaio CBY i 06po0iti
apobom. Ilicnst oOpoOkM BUMIpIOBAIM MIKPOTBEPICTh 1 IMIOPCTKICTH IMOBEpXHi. PesynbraTn
BUIIPOOYBaHb MpeICTaBlIeH] Ha puc. 3 1 4.
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Pucynok 3 — 3anexHicTh MiKpOTBEPIOCTI OBEPXHEBOT'O IIAPY BiJl 4acy
00poOxwu ITII/]

0 10 20 30 T, XB

PucyHok 4 — 3anexHiCTh OPCTKOCTI MOBEPXHEBOT0 Mmapy Bix yacy o0pooku I1I1/]

[TpoBeneHi BunpoOyBaHHs MOKa3ajH, 110 MpH 00podLi ApodoM HampoTsasi 20 XB oTpuMaHa
MakcUMajbHa cepefHs MikporepaicTb 775 Mlla 1 miHiManbHa cepeanst mocTkicth 0,4 MKM 3a
napamerpoM Ra. Ilpu 30imbmienHi yacy o0poOku a0 30 XBWIMH MIOPCTKICTh 30UIBLIYETHCH,
MIKPOTBEPIICTh 3MEHILIYEThCSA, 10 MOXKHO TNOSICHUTH IepeHaksienoM mnoBepxHi. Ha ocHoBI
MIPOBEICHUX BUIIPOOYBaHb OyJI0 MPUHHATO Yac 00poOku apodom 20 XB.

Pe3ynbpTati BUMIpIOBaHHS MIKPOTBEPAOCTI 1 IIOPCTKOCTI MOBEPXHEBOIO IIapy YaByHY B
pi3HOMY CTaHi 3aHOCHJIU B Ta0I. 2.

BunpoOyBaHHs mokazaiu, 10 TiapoapodocTpyMiHHa 00poOKa MiBUIIUIA MIKPOTBEPAICTh
MOBEPXHEBOr0 MIapy B cepenHboMy Ha 36 % 1 3a0e3neumsia 3HMKEHHS CEpPEeIHbOIO 3HAUYEHHS
mopcTkocTi Ha 33 %.

Tabmuis 2 — MikpoTBEpIiCTh 1 MIOPCTKICTh TIOBEPXHEBOTO MIAPY YaBYHY

Cran yaByHYy MikpotBepaicts, | Cepenns ctyminb | Ra, | CrTymniHb 3HHKEHHS
Mlla 3MIIIHEHHS, % | MKM HIOPCTKOCTI, %0
BUKI + HOpMmamizaris 240 — 260 - 2,0 -
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BUKI' + Hopmamizamis + 560 — 580 128 0,6 70
raptyBands CBY
BUKI' + Hopmamizamis + 750 — 800 36 0,4 33
raptyBands CBY + I1T1]]

03100,1F0BalTbHO-3MIIHIOBAJIbHA 00pOOKa IMiIBUIIYE SKICTh IOBEPXHEBOTO IIIapy IITOBXAda 3
BHCOKOMIITHOTO YaBYyHY.

BucHoBku

1) Jlns oTpuMaHHS HEOOXIJHOTO KOMIUIEKCY MEXaHIYHMX BJIACTHBOCTCH 3a mepepi3oM
KOJIIHYACTOT'0 Bally 3 BUCOKOMIIIHOTO YaBYHY, 110 3a0e3Ieuye 3AaTHICTh Baly IPAIFOBATH B YMOBaX
3HaKO3MIHHMX YIAapHUX HaBaHTa)KEHb, PEKOMEH/IOBAHO IPOBEICHHS HOpMaizamii 3
MDKKPHUTHYHOTO IHTEPBaIy.

2) Jyis miBUIICHHS TBEPJOCTI 1 3HOCOCTIMKOCTI TIOBEPXOHBD, 110 3HOLIYIOTHCS, 3aIIPOIIOHOBAHO
NPOBOAMTH IHIYKLIHHE TrapTyBaHHSA, SKE JO3BOJIIE OTPUMYBAaTH BHCOKHH piB€Hb TBEPIOCTI,
3aJIMIIKOBI CTUCKYIOUi HANPYKEHHS 1 BIJPI3HAETHCS BUCOKOIO MPOAYKTUBHICTIO Ta €KOJIOT1UHICTIO.

3) Hna orpuMaHHA HEOOXiJHOI SKOCTI IIOBEPXHEBOTO INApy OINOPHHUX IOBEPXOHBb
3alpOMOHOBAHO IMICHS IHAYKIIHHOTO TrapTyBaHHS BHKOHYBATH ajMa3HE BUTIJIAJDKyBaHHS, SKe
3a0e3nevye HU3bKI 3HAYCHHS IIOPCTKOCTI Ta 3KPYIJICHHS HEPIBHOCTEH, IO CHPUSE ITiIBUILCHHIO
3HOCOCTIMKOCTI 1 IOBrOBIYHOCTI BUPOOY B LIJIOMY.
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3BUIBIIEHHA MICJIAPEMOHTHOI'O PECYPCY JIETAJIEN ITAP TEPTA!

Manunienko O. C., marictp rpynu MC-51-23
XapkiBCcbKHH HAllIOHAJIBLHUH AaBTOMOOITbHO-10POKHiN YHIBepcHTET

Anomauin. Bcmanosneno eniue eninamyeanis nogepxHi demaieil nap mepms Ha 30i1buleHHs
ix 3HOCOCmisUKOCMI NPU O0OHOYACHOM) NIOBUWEHHI YUKIIUHOI 0o62o8ieunocmi. Jlanuii memoo €
NepCneKmuHUM 051 BUKOPUCTNAHHSL NIO YAC PEMOHMY 3HOUEHUX Oemanell 3 Memor Ni08UWeHHs ix
eKCNILYyamayitinoeo pecypcy.

Kniouogi cnosa: pemonm, 3HouLy8aHHs, NOBEPXHA Nap mepms, MOOUQDIKY8AHHS NOBEPXHI,
eniiamyB8anHsl, 3HOCOCMIUKICMb, YUKIIUHA 008208IUHICb

INCREASING THE POST-REPAIR RESOURCE OF PARTS FRICTION STEAM

Danylenko O.S., master of group MC-51-23
Kharkiv National Automobile and Highway University

Abstract. The influence of surface epilamization of the parts of friction pairs on increasing
their wear resistance with simultaneous increase in cyclic durability has been established. This
method is promising for use during the repair of worn parts in order to increase their service life.

Key words: repair, wear, surface of friction pairs, surface modification, epilamation, wear
resistance, cyclic durability.

Beryn

JIOBroBIYHICTh B €KCIUTyaTallll OUIBIIOCTI JeTajiell MallluH OOYMOBIIIOE CTaH iX MOBEPXHI,
SAKMM BU3HAYa€e CIyXOOBI XapaKTEpUCTUKM B yMOBaxX TepTs 1 3HOUIYBaHHS. MAil IUKIIYHHX
HaBaHTaXXCHb, BIUIMBY arpeCHBHUX CEPEJOBHII. 3TiTHO 3 CyYaCHHMHU MOTJIAJAMH TOBEPXHS Mae
CYTTE€BMI BIUIMB Ha MOBEIHKY I11J] HABAHTAXKEHHSAM Ta pyHHYBaHHs BUPOOY B LIJIOMY.

Craructuka cBimuuTh, mo a0 80% mnepeqyacHUX BIIMOB JeTajlell MallMH Ta arperaTiB
00yMOBJIEH1 3HOCOM, 1 Maiike IOJIOBMHA B1IMOB IPUIIA/Ia€ Ha I0JII0 Ha JieTalieil nap TepTs LUIIHIPO
- IOPILIHEBOI IPYIH Ta KPUBOUIUITHO-IIATYHHOTO MEXaH13My JBUTYHIB TPaHCIIOPTHUX 3aco0iB [1].

PeMOHTHI po0OTH 3 KOMIIEHcallii 3HOLIEHOI MOBEpXHI JeTanell MoTpeOyrTh 3HAYHHUX
(G1HaHCOBMX Ta TPYJIOBUX BUTpaT 1 IpU LBOMY HE 3aBXIW  3a0€3MeuylOThCS BUMOTH JI0
MICISIPEMOHTHOTO pecypcy, kUi Mae OyTu He HIKuuM Hix 80 % Big pecypcy HOBoOro Bupooy. Tomy
IT1IBUINICHHS] JOBTOBIYHOCTI JI€TAJICH IICIIsl PEMOHTY € aKTyalbHUM NUTaHHAM. [Ipu oMy HE MeHIIT
BOXJIUBUMH € €KOHOMIYHI YMHHMKHM — KOIITOBHICTh OOJIaJHAHHS, CIIO)KMBAaHHS €JIEKTPOEHeprii Ta
TPYAOBUTPATH MTEPCOHATTY PEMOHTHHUKIB.

AHaniz nyGaikamii

OCKUTBKH JOBIOBIUHICTB CIIOJIYYEHUX Iap TEPTS MPHU 1HIIKUX PIBHUX YMOBAX, 3HAYHOIO MIpOIO
O0YMOBIIIOETHCSI CTAHOM MOBEPXOHb TEPTS, TO BUKOPUCTOBYIOTHCS Pi3HI METOJM MiJBUIICHHS iX
3HOCOCTIMKOCTI — XIMIKO-TepMidHa 00pOoOKa, EIEKTPOICKPOBE JIETYBAHHS, 10HHO-TIJIA3MOBI TIOKPUTTSI,
ra3oTepMiyHe HAIMWJICHHS Ta iH. Y ¢l 111 3aX0/11 10CATal0Th NEBHOI €(DeKTUBHOCTI, OIHaK NOTPEOYIOTh

11 Po6oTa BUKOHAHA ITij KepiBHUITBOM npodecopa Jomeukinoi I.B.
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CreuialbHOTO O00JaJHAHHS, 3HAYHUX EHEPreTMYHHX BUTPAT, IIO CYTTEBO BIUIMBAE HA BapTICTh
PEMOHTY.

AHani3 mitepatypHux naHux [2-5] cBimumth, mo EIl Bce mmupiie BUKOPHCTOBYETHCS Yy
0araTtbox rayry3siX IPOMHUCIOBOCTI U1 TPUOOJOTIYHUX MMOKa3HUKIB, BTOMHO1 MIITHOCTi, KOPO31iHOT
CTIMKOCTI BUPOOIB Pi3HOTO MPU3HAUCHHS.

Eninamu — 1ie po3unHu pTOPBMICHHX IMOBEPXHEBO-aKTUBHUX peuoBUH ((HTOpIIAP) y pizHux
JIETKOJIETIOUMX XjagoHax. Ilicis BumapoByBaHHS XJIaJJOHYy Ha TOBEPXHI BHPOOY YTBOPIOIOTHCA
MOKPUTTS, IO SBISIE COOOK0  HAHOPO3MIPHY OararoyHKI[IOHAIBHY MOJICKYJISIPHY IUTIBKY
noBepxHeBO-akTUBHOI pedoBuHU (ITIAP), sika CyTTEBO 3MEHIIY€e €HEpril0 MOBEPXHEBOTO MIApy i
HajZae oMy HOBI BJIACTUBOCTI. TeXHOJIOTisl HAHECEHHs IUTIBKU JIOBOJII MPOCTa 1 CKIANAE€ThCA 3
HACTYIHHMX OIepalliii: OUYMIIEHHS Ta 3HEKUPEHHS IOBEPXHi, CMiJJaMyBaHHA 3 MOJAJIBIIOK
tepmoikcaridzto mibBKU. [Iponec EIT He moTpebye nopororo o0iaaaHaHHs, HU3bKOTEMIIEPATypHUH,
3 MaJMMH CHEPTOBUTPATaMH, HE TOKCUYHUI, HE 3MIHIOE PO3MIpH Ta T€OMETPit0 BHPOOY.

®ToplIAB BHaCHiIOK Ay»e HU3BKOTO TOBEPXHEBOI0 HATATY 1 BUCOKOT MTPOHUKAIOUOT 3/[aTHOCTI
CYTTEBO 3IJIQJKY€ TIOBEPXHIO, 3allOBHIOIOYM Ta Jera3yloud yci moBepxHeBi aedexru. Mix
MOBEPXHSAMU TEPTS YTBOPIOETHCA PO3AUIOBHI Oap’epHUl map AyXe TOHKOI MOHOMOJEKYJSPHOI
IUTIBKH 13 HU3BKOIO MOBEPXHEBOKO CHEPTi€l0, YKa 3MEHINY€E aAre3il0 KOHTAKTYIOUMX MaTepialis,
ICTOTHO 3HIKY€E KOEQIIIEHT TepTs, M0 €()EeKTUBHO MO3HAYUTHCS Ha 3HOCOCTIMKOCTI CHPSKEHUX
MTOBEPXOHb.

Meta po6oTH i 3aB1aHHs

MerToto 1aH01 pOOOTH € IMiIBULIICHHS MICISIPEMOHTHOTO PECYpCy JeTalel map TepTs MIITXOM
MoaudiKyBaHHSI MOBEPXHEBOTO LIAPY JIeTalell enijlaMyBaHHIM
st mocsArHEeHHS MOCTaBIEHOT METH HEOOX1JHE BUKOHATH HACTYIIHI 3aB/IaHHS:
- nocniauTy BruB eninamyBanHs (EIT) Ha 3MiHUM cTaHy MOBEpXHi;
- Bu3HauyuTH BIUTUB EIl Ha 3HOCOCTINKICTh CIPSKEHUX JCTAIICH.
- Bu3HauuTu BIUMB Ell Ha migBUIIIEHHS HUKIIYHOT TOBTOBIYHOCTI BUPOOiB.

MarepiaJj i MeTOAU TOCTIAKECHHS

JocnipkenHto mijuisarany 3pa3ku 31 ctaini 20 ta 40X, Ha MOBEPHIO SIKUX HAHOCWIIU IIIIBKY
enutamy wMapku COK-05. B sxocti po3unHHuMKa Oyna Cymiml ¢TopByrIEpoaiB 1
¢TopxiopsyriaeBogopoaiB. EIl moBepxHi 37iiiCHIOBaIM 3aHYpPEeHHSM 3pa3KiB Yy BaHHY 3
temneparypyto 50 - 55 °C, ne ix Bunepxysaiau npotsrom 15 xB. Ilicns EIT moperkicts 1 npodiisb
MMOBEPXHI OLIIHIOBAJIN 32 JOTIOMOrot0 podiomerpa-npodinorpada TR200.

MikpoCTpyKTypy BUBYAIM Ha ONTUYHOMY MeTajnorpadiunomy mikpockoni UIT MicroMet —
| -102 BD, a nmpu BenuK#X 30UTBIICHHSX - HA eNeKTpOHHOMY Mikpockori PEM-106.

JlocmikeHHs Ha 3HOCOCTIMKICTD MoBepxHi 10 Ta micist EIT mpoBoauiin B yMoBax TepTs 3pa3ka
3 aOpa3WBHOIO PEYOBHHOIO MTPH HASBHOCTI MAacTHIIa MK TOBEPXHSMHU, IO TPYTHCS.

BumnpoOyBanHsi Ha BTOMHY MIIHICTh BUKOHyBaId Ha MammHi MYI-6000 3a cxemoro
CHMETPHYHOTO BHTHHY 3 0OepTaHHAM. ba3a BumpoOyBaHp ckiajgama 107 IUKITiB HaBaHTaKEHHS.
BukopucroByBanu 3pa3ku 3 yKOPOYEHOK poOOUYOI0 YACTHHOIO 32 paXyHOK MEPEeXiHUX MepepisiB,
10 JO3BOJIMJIO 3MEHIIUTH *0J1001eHHs (He O1nbiie 0,05 MM) Ta 30UIBIIUTH KOPCTKICTD.

Pe3yabTaTu q0c/iaKeHHA

[TpoBeneHi nocipKeHHs ToKa3aiy, 1110 MOoPCTKicTh noBepxHi micns Ell 3menmunacs y 6 pasis

(puc. 1).
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PesynbraTi BUNpOOyBaHb Ha 3HOCOCTIMKICTH 3a(iKCyBadM MaiKe y TPH pa3d MEHIIY
IHTEHCHUBHICTh 3HOIIYBAaHHSY 3pa3KiB 3 MOBEpPXHE, 1m0 Oyina oopodieHa EIl (puc. 2).

& &b b bhowaao

Bucora HepicHocTel MKM

00,050,13020,2T 0,35 0,430,50,57 0,65 0,730,80,87 0,95 11,05 1,14 12127 1,35 1,44 1,51

OnopHa goouHa npodinio, MM

a

Bucota HERIBHOCTEH ,MKM
b N s o

00.050,130,20,270,350430,50,57 0,650,730,80,57 0,9511,051,1412127 1,35 1.44151,

OnopHa goRdcWHA Npodgrino, MM

0

a — BUXIIHMI cTaH; 0 - micig EIT
Pucynok 1 — IIpodinorpamu 3pa3zkis craini 20

N 0 & b o

1 A

D O
0 —3pasku y BuxigHomy crani; micist EIT (1)
Pucynok 2 —I'icTorpama iHTEHCUBHOCTI 3HOIIIYBaHHS 3pa3KiB 32 Macolo

[Ipo no3utuBHmii BruB EIl Ha miABHINEHHS CTIMKOCTI 1O 3HOIIYBaHHS CBIAYUTH 1
TIOJTITMIICHHS CTaHy MOBEPXOHb — CJIIIB TEPTS 3HAYHO MEHIIE, BOHH AP10HIMT 1 Hernmuooki (puc. 3).

EdexT «3anikoByBaHH"» Ae()EKTiB, 3MEHILICHHS IIIOPCTKOCTI MMOBEPXHI CYTTEBO BIUTUHYJIM Ha
LIUKJIYHY JTOBTOBIYHICTH 3pa3KiB. Pe3ynbraTu BunpoOyBaHb HaBeAeHO y Ta0d. 1, 3 sikoi BUIHO, IO
EIl 30inb11y€e UKITIYHY AOBrOBidicTh B 4 - 4,5 pa3u B 3aJIe)KHOCTI BiJl HABAHTaKEHHS.
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Pucynok 3 — Cran noBepxHi: a — Buxigauii; 6 - micius EIT

Tabmuns 1 — Bruius EIl Ha nukimiuHy TOBroBiUHICTh

Marepian i Hanpyxenns, KinpkicTh IHKITIB
00poOka MlIla 710 pyHHYBaHHS
Craip 40X, BHX. 320 70000
Cranp 40X, EII 320 320000
Crams 40X, EII 380 270500
BucHoBku

1. TIpoBeneni AOCHIKEHHS MOKa3and, o0 Moaudikamis poOOYMX TOBEPXOHb CYYaCHUM
CIOcOOOM HAaHOTEXHOJIOTIi — emijlaMyBaHHSIM 3a0e3leuye OJHOYAaCHE 3MEHILIEHHs 1HTEHCUBHOCTI
3HOIIYBaHHS, Ta MiABUILEHHS OMIOPY BTOMHOMY PYHHYBaHHIO.

2. OrpuMaHi pe3yibTaTH  JO3BOJSIFOTH PO3TJISNATH 16 METOJ SK TEPCIIeKTUBHUMN s
BUKOPHUCTaHHA Ha PEMOHTHHUX HIiANPHEMCTBAX MiJ 4Yac PEMOHTY JAeTaled map TepTs 3 METOH
MiABUIIEHHS X eKcIuTyarariitHoro pecypcy. Ilpm mpomy cmig 3a3HauuTh, mo TexHojoris EIT
€KOJIOT1YHO Oe3IeyHa, JIy’Ke MpocTa, He BUMArae CHeliaJbHOro 1 JOpPOroro o0JaHaHHs, 3HAYHUX
€HEepPreTUYHUX BUTPAT, Ta JOCTYITHA Ha Oyab-skomy mianpuemctsi. EIT Moske OyTr 3acTOCOBaHO ISt
nertanei 1o0uX po3MipiB 1 ckiIaaHOT KOHpIryparii.
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VK 621.9.048
EJIJEKTPOICKPOBE JIETYBAHHS TA MOT'O 3ACTOCYBAHHSI!2

Oxpimenko B.O., acnipanTt
CyMcbKHil 1ep:KaBHUA YHiBepcUTeT

Anomauia. Enexmpoickpoge ne2y8aHus y 2a3o08ux cepedosuyax 0ae 3mo2y 30buumu MiyHicms
nosepxui 6upody 0o 40 %. IlepcnekmusHum HANPAMOM Y 2any3i 3MIYHeHHS Mamepianie €
KOMOIHOBAHI Memoou 0OpooOKu.

Knrouogi cnoga: enekmpoickpoge ne2y8anms, a30my8ants, 3HOCOCMIUKICMb.

FINISHING AND STRENGTHENING PROCESSING OF THE PUSH VALVE OF THE
INTERNAL COMBUSTION ENGINE

Okhrimenko V.O., graduate student
Sumy State University

Abstract. Electrospark alloying in gaseous media makes it possible to increase the surface strength
of the product by up to 40%. Combined processing methods are a promising direction in the field of
material strengthening.

Key words: electrospark alloying, nitriding, wear resistance.

JUis moKpalleHHS NOBEPXHEBUX BIACTUBOCTEH CTajel LIMPOKO 3aCTOCOBYIOTHCS Pi3HI
METOAM 3MIIHEHHs, cepel SKUX OCOONMMBE Miclle 3aiiMae XiMiko-TepMiuHa oOpoOka. OmHuM 13
HaOIbII MONYJISIPHUX CIOCO0IB Takoi 0OpOOKHU € a30TyBaHHs, SIKE J03BOJISIE CYTTEBO MiJABUILIUTU
TBEPJIICTh MOBEPXHI 32 paXyHOK YTBOPEHHs HITPUAHMUX CHoNyK. Hampukiman, a3oTyBaHHS 3/aTHE
3a0e3MeunTH TBEPIICTh MoBepxHeBoro mapy ao 1200 HV, mo pobute #Horo He3aMiHHUM IS
JIeTaJeH, sIK1 MPaIIoI0Th Y BAXKKHUX YMOBaX €KCIUTyaTallii, TaKuX sk 3y0O4acTi Kojeca, X0J0B1 TBUHTH
Ta KJanaHu JBUTYHIB. OCHOBHI BUMOTHU J0 TakKUX JAeTaneil — e He JIMIIEe 3HOCOCTIHKICTh, aje |
BHCOKI XapaKTePUCTUKH MMOBEPXHi, 30KpeMa ii SKICTh 1 mOopCTKicTh [1-2].

OpnHak, nonpu e(peKTUBHICTh a30TyBaHHS, METO/ Ma€ i cyTTeBl Hepomiku. Haitbinpi 3 HUX
— 11e He0OX1/IHICTh BUCOKOTEMIIEpaTypHOi 00pOOKH BCi€l AeTai, 1110 MOKe 3MIHIOBATH 1i CTPYKTYpY,
a TaKOX 3aCTOCYBaHHsS TrabapuTHOro W Jgopororo obmanHanHs. KpiMm Toro, mpoiec a3oTyBaHHS
BUMara€e TPUBAJIOTO Yacy HACUYEHHS MOBEPXHI, 10 3HUXKY€E HOro €KOHOMIYHY IpHUBAOIUBICThH Y
cepiiHOMY BUPOOHUIITBI.

CyuacHe MammHOOYAYBaHHS BHMara€ HOBHX TIJIXOIiB 10 OOpOOKHM TOBEPXOHB, sIKi O
JI03BOJISLTM  HE JIMIIE IMiJBHUILYBAaTH 3HOCOCTIMKICTH 1 KOpO3iMHY CTiHKICTh JeTaneil, ame u
3MEHIITYBaTH cOO1BapTICTh MpoayKilii. OTHUM 13 TAKUX METOIIB € enekTpoickpone seryBanHs (EL),
ske 3abe3neuye (pOpMyBaHHsS MIIIHOTO MMOBEPXHEBOTO IIapy 0e3 3HAYHOrO BIUIMBY Ha CTPYKTYpPY
ocHOBHOro wmerany. 3aBasku EIJI MokHa oTpumaTu map 13 BHCOKMMH TpPHUOOJIOTTYHUMH
BJIACTUBOCTSIMH, IO J03BOJISIE 30UIBLIMTH TepMiH CIyXOW Jeraneid i BUKOPUCTOBYBATH OLIbII
JIOCTYIIHI MaTepiaiv 3aMiCTh JOPOTUX CiuiaBiB [3-6].

OcTtaHHIM 9acoM Bce O1IbIIO0T MOMYJIAPHOCTI HA0YBalOTh KOMOIHOBaHI METOJIM MTOBEPXHEBOI
00pOoOKH, IO TOEAHYIOTh KUTbKAa TEXHOJIOTIH ISl OCATHEHHS ONTHMAIBHUX XapaKTEPUCTHK
nokputTs. Hanmpukiaz, Ximiko-TrepmiuyHa 06podka B noegHanHi 3 ELJI 103Bos1si€ 301IBIIMTH TOBIIUHY
3MIIIHEHOTO IIapy Ta MIKpOTBEpAICTh MoBepxHi. KomOiHalis HMX METOAIB /J03BOJISE HE JIMILE

12 po6oTa BuKOHaHA i KepiBHUITBOM npodecopa I'anonosoi O.I1.
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Migi0paTH ONTUMAIBHUN peXuM OOpOOKH il KOHKPETHOI JIeTali, ajleé i JOCATTH 3HAYHO BUMIOI
e(EeKTUBHOCTI TIPOIECy, 30KpeMa, 3a PaxyHOK MOXKJIMBOCTI KEPYyBaHHS IIOCIIOBHICTIO €TaIiB
00poOkwu [7-8].

Jocnimxenns mokazanu [9], mo 3acTOCyBaHHS €JIEKTPOICKPOBOTO JIETYBaHHSA Yy Ta30BHX
Cepe/IOBHINAX, TAKUX SIK aproH, BOJCHb Ta a30T, pa3oM i3 BUKOPHUCTAHHSM TBEPAOCILUIABHUX
€JIEKTPO/IIB, Ja€ 3MOry 30UIBIIMTH MILHICT, THOBepxXHI BHUpoOy a0 40%. lle mnosicHIOETHCS
YTBOPEHHSAM HITPUIIB Mg 4ac 00poOku. Takox mocmimpkeHHs n1oBoasTh [10], mo komOiHOBaHMIA
METOJI a30TyBaHHsS 1 Ja3epHOi OOpOOKM MOKE€ 3HAYHO IMJIBHIIUTH 3HOCOCTIHKICTH JETajei.
Hanpuknan, y Bumaaky 3 asoroBaHoro cramio 30X2HB®A, xkomOiHOBaHMN MiAXiA TO3BOJIUB
30UJIBIIMTH KOHTAKTHO-BTOMHY MIIIHICTh KYJIbKOBO-TBUHTOBHX MEXaHI3MiB yIBi4i.

OT1xe, KoMOiHOBaHI METOIU OOPOOKH TMOBEPXOHb € MEPCHEKTHBHUM HANpPSIMOM Y Taiys3i
3MIITHEHHS MarepiaigiB. BoHM He nuime mepeBepiIyroTh TPaIUIIHHI TEXHOJIOTIi 3a CBOEIO
e(EeKTHBHICTIO, aJie i JO3BOJISIOTH CYTTEBO CKOPOTUTH Yac 1 BApTiCTh BUPOOHUIITBA, 3a0€3MEUyIOUN
OJIHOYACHO BHCOKY SIKICTh TOBEpXHi. BUKOpUCTaHHS TaKMX METO/IB MOKE CTaTH KIIFOUOBUM €TarioM
Yy PO3BUTKY CYYaCHOTO MAIIMHOOYAYBaHHS, CIIPUSIOYN TT1IBUIICHHIO HATIMHOCTI Ta JJOBMOBIYHOCTI
JeTajiei.
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VJIK 69.017:539

EQEKTHUBHICTb IIBUAKICHOI'O HAI'PIBY 1 OXOJIOJUKEHHA ITPH.
PEKPUCTAJIIBAHIMHOMY BIAIIAJII 3AI'OTOBOK I3 TOHKOJIMCTOBOI
XOJOAHOKATAHOI CTAJII JIB3'3

Boiitenko E.B., marictp rpynu MC-55-23, Ca3zonoB O.B. acnipant
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIl YHiBepcUTeT

Anomauia. Po3pobnena mexHonocis 3HeMIYeHI08ANbHOZO WBUOKICHO20 PeKPUCMANI3AYIUHO20
8iONANy X0N00HOKAMAHO20 MOHKOIUCTN0B8020 npokamy cmani 50 0na noninwienHs mexHono2iuHoi
NAACMUYHOCMI NPpU 30epedcenHi MIYHOCMI 3a20MOBOK, WO NPUSHAYEHT Ol BUCOMOBIEHHS 8UPODIE
cnocobamu Xx0100H020 NIACMUYHO20 0ehOPMYBAHHSL.

Kniouosi cnosa: xonoonoxamauuii mowkoaucmosuii npoxkam, cmaiv 50, pekpucmanizayiunui
gionan, weuOKiCHUU HA2Pie WeUOKICHULL HA2PI8, UWBUOKE OXOJI00HCEHHS, MIKPOCMPYKMYPA, MEXAHIYHI
811aCMUBOCMI, 30AMHICMb 00 WUMAMNYEAHHSL

EFFICIENCY OF RAPID HEATING AND COOLING DURING RECRYSTALLIZATION
ANNEALING OF BILLET MADE OF THIN SHEET COLD ROLLED STEEL

Voitenko E., master of group Mec-55-23, Sazonov O., graduate student
Kharkiv National Automobile and Highway University

Abstract. The technology of de-alloying high-speed recrystallisation annealing of cold-rolled thin-
sheet steel 50 was developed to improve the technological plasticity while maintaining the strength
of billets intended for the manufacture of products by cold plastic deformation.

Key words: cold-rolled thin sheets, steel 50, recrystallisation annealing, high-speed heating, rapid
cooling, microstructure, mechanical properties, stamping ability

Beryn

TOHKOINCTOBUN XOJOAHOKATaHUH IPOKAT 3aCTOCOBYETHCS Y BCIX Tally3siX HapOAHOTO
rocrojapcTBa IpU BHUIOTOBJEHI BHpPOOIB METOJAaMHU XOJIOAHOTO jaedopMmyBaHHA A iX
(OopMOYTBOPEHHI, 10 JO3BOJISIE 3HAYHO IMiIBUIIUTH KOE(IliEHT BUKOPUCTAHHS METaIly IIPU CYTT€EBIN
HOro eKoHoOMII.

B ocranHi pokm B yMOBax IIOCHJICHHS BHUMOI' CTAaHJApTiB JI0 IOKa3HHUKIB SKOCTI
METAJIONPOKATy aKTyalbHOIO € TipobiemMa 3abe3neueHHs TMOTped MarMHOOYIIBHUKIB Y
XOJIOAHOKATAHOMY TOHKOJIUCTOBOMY IMpPOKAaTi 3 MiJABHILEHOI TEXHOJOTIYHOIO MJIACTUYHICTIO Ta
3/1aTHOCTI J10 TIIMOOKOTO BUTATYBaHHS, ajie 13 30epeKeHHSAM HOro JOCTAaTHHOI MILIHOCTI Y 3B'3KY 3
YCKJIQHEHHSIM KOHCTpYKLIi BHpOOiB Ta yMOB iX eKcIUTyaTamlii, a TakoX 3 pO3LIMPEHHAM
CHOKMBaHHS Yy PI3HUX BaXJIMBUX Taly3sfX cydacHoi mpomucioBocTi. [Ipu npomy He MeHII
aKTyaJbHUM € 3MEHIICHHS eKCIUIyaTalliiHUX BUTpPAT MpPH WOTr0 BHUIOTOBIIEHHI, 3POCTaHHS
MPOTYKTUBHOCTI, 3HMKEHHSI METAJTOEMHOCTI, €KOHOMIsl €JIEKTPOCHEPrii Ta MPUPOIHOTO Ta3zy, IO
Ty’e BaXJIMBOJUIS HAIIOT KpaiHW B TEHEpilIHii Jac.

13 Po6oTa BuKOHaHA mij KepiBHUITBOM Hpodecopa Jomeukinoi I.B.
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AHani3z nyoaikanii

Ha BITYM3HSHMX MeTaNypriiHMX KOMOiHAaTax BHCOKAa TEXHOJOTIYHA IIJIACTUYHICTh
XOJIOJHOKATAHOTO  HAaKJIENaHOTo TMpoKaTy 3ale3meuyerbcs peKpUCTali3aliifHUM — BiANaioM
PYJIOHHOTO JIKCTA B CaJKOBHX KOBIIAKOBHX Ieyax nepiomuunoi aii [1-4]. L{s repmigna 06pobka €
HAHOUTBII TPUBAIOO, CHEPTOEMHOIO ONEPAIi€l0 Y BUPOOHHUOMY IHKII XOJIOJHOKATAHOI JIUCTOBOI
CTali 1 Mae CyTTEBI HEIOIIKHU: HEPIBHOMIPHICTh HArpiBY PYJIOHIB 1 HEOAHOPITHICTh CTPYKTYpPH 1
BJIACTMBOCTEH, 3JIMIIAHHS BUTKIB B PYJIOHI, MOTaHa sKicTh moBepxHi [5]. Yci 1i Henomika CyTTeBO
MOTIPIIYIOTh SKICTh IITAaMITyBaHHS BUPOOIB, 0 MPU3BOAUTH JI0 BIIUYTHUX CKOHOMIYHUX BTpaT. JlJis
MOKpAIIEHHS 37aTHOCTI J0 XOJIOAHOTO JeOpMyBaHHS 3aroTOBOK i3 BXKE TI'OTOBOTO JIUCTa Ta
3MEHIIICHHS OpaKy KOBIAKOBI N4l PyJIOHHOT 00pOOKH JTMCTa HE IPHUJIATHI, a IHIIIOTO METOAY HE iICHY€

KapnuHanibHUM KpPOKOM B HAalpsSIMKY BIOCKOHAJCHHS SIK TEXHOJOTil 3HEMIIHIOBAIBHOI
TepMOOOPOOKH XOJIOJHOKATAHWUX JIMCTIB, Tak 1 oOJagHaHHSA JJIA ii peaiizallii, € BUKOPUCTAHHS
Oe3mepepBHOrO IIBUAKICHOTO peKpHCTaiizaliiinoro Bianany [6]. BpaxoByrouw, 1o 3arajibHa
TPUBANICTh Bianany (HarpiB, BHAEP)KKa, OXOJIOJKEHHS) 3alie)kaTh HE TIIbKU BiJ Macu MeTaily, a
TAaKOXX BiJ] TEMIIEPaTypHO - YaCOBUX IapaMeTpiB NMPU BUKOPHCTAHHI TOTO YW IHIIOTO BHIY
obOnagHaHHs (CaaKoBi medl mepioguvHoi aii a00 HenmepepBHUH IMIBUAKICHUN HArpiB), sKi 3HAYHOIO
MipOI0 BH3HAUYAIOTh IIBUJKICTH Tepediry MpoIeciB CTPYKTypOYTBOpPEHHs mia vac Biamamry. Came
BUPINICHHIO MUTaHb 3a0€3MeUeHHs YMOB NPOXOKEHHS PEKpUCTANI3AlifHUX MPU KOHTAKTHOMY
HarpiBi 1 OXOJO/DKEHHI XOJOAHOAC(POPMOBAHOTO JIUCTAa ,  BIUIMBY TEMIIEPATYpPHO - YacOBHUX
napameTpiB Ha GOpMyBaHHS CTPYKTYPH 3 IEBHUM PO3MIPOM 3€pHA 1 KOMIUJIEKCY BIACTHBOCTEH, 1110
BIJINIOBIJAIOTh CTaHJAPTU30BAHUM ITOKa3HUKaM, 1 MPUCBsYeHa JaHa poborta. [lokpamieHHs sKocTi
JUCTa MPHU 3MEHILIEHHI MOro coOiBapTOCTI. € aKTyaJbHUM 1 BaXUIMBUM JUIS MPAKTHUKU JIMCTOBOTO
XOJIOAHOTO IITAMITyBaHHS BUPOOIB.

Meta po6oTH i 3aB1aHHA

Mera pobotu —po3poOKa TEXHOJIOTIi MIBUIKICHOTO HENEPEpBHOTO PEKpUCTATI3aLiiHOTO
BiJIaNTy XOJIOJHOKATaHOTO JIUCTA 13 cTami 50 3 BUKOPUCTAHHAM O€3MepepBHOrO IIBUIKOTO HArpiBy
Ta OXOJIOAKEHHS.

JUis 1oCsITHEHHsI TOCTaBIeHOT METH CPOPMYJIbOBaHI 3aBIaHHS:

1. JocnmiguTu BIUIMB IIBUJAKOCTI Ta TEMIIEpaTypu HarpiBy, BHAEPKKH, IIBHIKOCTI
OXOJIO/DKEHHSI Ha (POpMYBaHHs CTPYKTYPH Ta BIACTUBOCTEH MpU Oe3NepepBHOMY IIBHJIKICHOMY
peKpucTaizaiiitHoMy Biamari.

2. Bu3HaunTH onTHManbHI TEMIEPATypHO - YacOBI MapaMeTpHu IMIBUJKICHOTO KOHTaKTHOI'O
HarpiBy Ta OXOJIOJKEHHS ISl OTPUMaHHS KOMIUIEKCY BiacTUBOCTeM y crami 50 Ha piBHI micis
KOBIIAKOBOT'O BijAmany, sKi BignoBigatoTb HopMmatuBHUM BumMoram JICTY 2834-94 «llIpokar
TOHKOJIUCTOBHH 3 BYTJICIIEBOI CTAJ SKICHOI Ta 3BUYAHHOI SIKOCTI 3arajbHOTO MPU3HAYCHHS.)

MarepiaJj i MeTOAH TOCTiTKEHHS

Marepiaiom ans JOCHiKeHb Oyina KOHCTpyKUiHa cTanmb 50, XIMIiYHMH CKJag SKOl
HaBeJIeHUH B TaOII. . 1.

JlocmiKyBaIuCh CTPIUKHM CTajlel B XOJIOJHOKATAaHOMY HAarapTOBaHOMY CTaHi i3 pi3HUM
cTynHeM aedopmariii. Po3aMipu 1 BIacTUBOCTI CTPIUOK HaBeAeH1 y Taliml. 2.

BinmpartoBanHs Ta anpo0aiio pexXuMiB O€3MepepBHOIO IMIBUIKICHOTO BiJiNANly CTAJIEBUX
cTpiuok mpoBoawin Po3poOka TemmepaTypHO - 4acOBHX MapaMeTpiB BiAmaly MpOBOJWIACS B
1a60opaTOPHUX yMOBax Ha 3pa3Kax IMMPHHOIO 12,5 MM i JoBxkuHOI 120 MM. YMOBAxX CTPIYKOBI
3aroTOBKM CTajli BIMAIIOBAIM HA YCTAHOBI, fKa JO3BOJMJA IMITYBaTH MapaMeTpH IpOLECIB
KOHTAKTHOTO TETUIOOOMIHY.
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Tabmuns 1 — XiMiuyHUM CKIa]l JIOCHIKYBAHOI CTall

Crainp C,% | Si,% | Mn,% | Cr, % S, % P, % Ni,% | Cu, %
50 0,52 [ 0,25 |0,65 0,25 0,040 | 0,035 0,25 0,20
Tabmuus 2 — ToBHIMHA 1 BIACTHBOCTI JOCTIKYBAaHUX CTPIYOK
Mapka | TopmuHa, Crymiab OB, 0, MikpoTBepaicTh
cTani MM oO0TucHeHHs, % Mlla % H;y, 200
50 0,25 60 860 2 | 274
0,5 50 820 2,4
1,0 42 810 2.2

EdexTuBHICTE TEPMOOOPOOKH OIIHIOBAIM 32 MIKPOCTPYKTYPOIO CTadi i KOMIUIEKCOM MeX.
aHIYHMX BJIACTUBOCTEW. BuBYaNIM MIKPOCTPYKTYpY Yy BIZOMTOMY CBITJII 3a JOIMOMOTOIO
metanorpagigaoro mikpockona UIT MicroMet — 1-102 BD.

Mexaniuynux xapakrepuctuku (OB, Oo 2, 0,) BU3HAYATU HA IJIOCKHUX 3pa3Kax, siKi BUPI3aIucs
Y3I0BXK JIiHIT MPOKATKH 1 MiAJsArand BUNPOOYBAaHHSIM Ha PO3TAT y BiIMOBIIHOCTI J0 iCHYIOUHX
CTaHJIapTiB 3 BUKOpHUCTaHHAM enekTpomexaHiynoi Mammuau UIT - STM - 50 .

MikpoTBepIiCTh BUMIPIOBAJIN 32 JIOTIOMOTOI0 TBepIoMipy Mikpo-Bikkepca UIT-HV.

Pe3yabTaTu gociiakeHHs

3pa3ku AOCIIIKyBaHUX MapOK CTalell HarpiBaid B iHTepBali Temmnepatyp Big 450 no 720 °C.
HIBunkicte HarpiBy cranoBuia 80 °C/c, Bumepkka He Ouibiie 1 ¢, IIBUAKICTH OXOJOIKEHHS — 25
°Cle.

VY Tabn. 3 mpeacraBieHi pe3yJabTaTH JOCIIIHKEHb 3aJIEKHOCTI MEXaHIYHUX BIIACTUBOCTEH
BIJIAJIEHUX CTPIYOK BiJ TeMIEpaTypu HarpiBy Yy BKa3aHOMy iHTepBajiil. BcranoBieHo, 1o 3i
3pocTtaHHAM Temneparypu 10 650 °C croctepiraeThcst IpoIec peKpucTaizaiii craiei.

Tabnuis 3 — MexaHiuHi BTaCTUBOCTI CTaleBUX CTPIUOK 31 cTaii 50 B 3aI€KHOCTI BiJl
TEMIEpaTypy HarpiBy

ToBuIMHA CTPIYKH, MM
t, °C 0,25 | 0,5 | 1,0
MexaHi4HI BIaCTUBOCTI

Or, OB, d, Or, OB, d, Or, OB, d,

MIla MIIa % MlITa MIla % MlIIa MIIa %
450 800 830 3,0 810 845 3,0 815 845 3,0
500 700 785 3,5 710 790 3,5 715 790 3,0
550 605 720 8,0 615 730 7,5 614 730 7,5
600 540 615 15,5 550 625 15,0 555 630 15,0
650 485 580 23,0 495 575 22,5 500 580 22,5
700 480 570 23,0 485 575 23,5 480 575 23,0
720 480 570 25,0 484 575 23,5 480 572 23,0

[Ticns narpiy Big 700 °C mo 720 °C mexaHi4yHI BJIACTUBOCTI CTPIYOK MPAKTUYHO HE
3MIHIOIOTBCS, IO CBIIYWATH MPO 3aBEpIIECHHS MPOIeCy IMEePBUHHOI pekpucramizamii cram. Lle
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MIATBEPKYETHCS TUIABHUM XapaKTepOM KPHUBOI MEPEXOy BiJl HArapTOBAHOTO JI0 3HEMIIIHEHOTO
ctany ( puc. 4).

Or, MlIa

9001

0]

:z':'l
-

L
400 450 500 S50 600 680 700 780 t°C

Pucynok 4 — 3ajiexHICTh MEXaHIYHHX BIACTUBOCTEH CTPI4OK TOBIIUHOIO 0,25 MM
BiJI TEMIIEpaTypH HAarpiBy

MikpoctpykTypa BignameHux crpidok mnpu 700 °C  ckiamaetbcs 3 MOBHICTIO
peKpHCTai30BaHUX IpiOHUX 3epeH ( 6a 8) depury i mepiity (puc. 5, a). 30UTbIIECHHS TEMITEPaTyPH
1o 720 °C He MPUBOJIUTH IO CYTTEBUX 3MiH MIKpOCTPYKTypH (puc. 5, 0). OTxe painioHaJIbHUMU
TeMIIepaTypaMu peKpHcTatizamiinoro Bignamy craii 50 € intepBan Big 680 mo 700 °C .

Pucynok 5 — MikpocTpykTypa cTpiuoK, 1o BignaneHi npu 700 °C (a)
ta 720 °C (6), x650

BapiroBanHs mBuaKOCTI HarpiBy B AianaszoHi Big 40 qo 160 °C /c mist cTpivok JOCTiIKyBaHOT
TOBIIMHU HE TIO3HAUMIIOCS HA 3MIHAX MIKPOCTPYKTYpHU Ta MEXaHIUHUX BJIacCTUBOCTEM ( puc. 6).

B pe3ynbraTi q0cHiKeHb BUSBIEHO, 10 BUAEPKKU 10 60 ¢ mpu Temneparypi Biamamy 700
°C 1oCcTaTHBO JUIsl 3aBEPIICHHS IPOILECIB MEPBUHHOI peKpUcTaii3alii B yCiX JOCHIKYBAaHUX CTPIYOK
pizHoi TOBHMHM. MeTtanorpadiyHuM aHai3oM 3adikcoBaHa JApiOHO3EPHUCTA CTPYKTYpa, IO
BianoBigae 8 Gaiy, sika 3rigHo [2,7] 3abe3medye HaMKpaIly 31aTHICTb CTaI 10 XOJIOAHOT IUTACTHYHOT
nedopmariii.
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PucyHok 6 — 3anexHiCTh MEXaHIYHUX BJIIACTUBOCTEH BiJl
mBUAKOCTI HarpiBy a0 700 °C

Y T1abn. 4 HaBeneHiI pe3yJabTaTH MEXaHIYHUX XapaKTEPUCTUK BIAMAJCHUX CTPIYOK B
3aJIC)KHOCTI BiJ] IIBUKOCTI OXOJIO/DKCHHSI, SIKa 3MiHIOBaacs B iHTepBai Bix 15 go 200 °C/e.

Tabmuis 4 — 3aneKHICTh MEXaHIYHUX BJIACTHBOCTEH CTAJICBUX CTPIYOK BiJl IIBUIKOCTI
oxoaopkenns mpu Bianam npu 700 °C mpu Vi, =50 °C/cit~60c¢ )

IIBUAKICTE OXONOMKEHHS
15 °Clc | 25 °Clc | 50 °Clc
MexaHiuHi BIaCTHBOCTI
Mapk | Tosmmna | Gy, 68, 3, o, 68, 3, 6r, | 68, | o,
a JiucTa, MIla MIla % MIla MIla % MIla | MIla | %
crami MM
0,25 475 570 24,0 480 575 23,0 490 586 | 23,0
0,5 500 725 25,0 500 730 25,0 510 740 | 24,0
1,0 505 675 25,0 510 680 24,0 520 600 | 23,0
50 100 °C/c 150 °C/c 200 °C/c
0,25 495 590 22,5 495 595 22,0 500 600 | 21,0
0,5 520 750 23,0 530 760 22,0 540 770 | 21,0
1,0 530 600 23,0 540 610 22,0 640 610 | 21,0

AHani3 Tabi. 4 Bka3ye Ha NiABUIIECHHS XapaKTEPUCTUK MIIIHOCTI Ta 3MEHIIEHHS BIAHOCHOTO
MOJIOBXKEHHS 31 3pOCTAaHHSAM IIBUIKOCTI OXoJIo/KeHHs OJHaK, CHiJ 3a3HAYUTH, 110, PiBEHBb
MEXaHIYHUX BJIACTUBOCTEH CTPIYOK BIJMOBITAE BUMOTAM CTaHIAPTIB JJIS BiAMAJEHO! CTayll B
koBmakoBii neui. 3rigHo 3 Bumoramu JCTY 2834-94 nnst aucTtoBOi CTalll TOBIIUHOIO A0 2 MM
kareropii K490B (tumuacosuii omnip OB Bijx 490 mo 720 H/MM?, BiTHOCHE TTOJJOBKECHHS O TIOBUHHO
OyTu He MeHuIe 13 %).

BucHoBkH
1. ExcriepuMeHTaIbHO JIOCHTIDKEHO Ta BH3HAYECHO TEMIICPATypHO-THMYACOBI TapaMeTpH
MIBUAKICHOTO Oe3MepepBHOr0 PEKPHUCTANIZALIMHOTO BiANAly TOHKUX CTPIYOK 13 XOJOJHOKATaHOI

craini 50, ski 3a0€3MeuyoTh MOBHICTIO PEKPUCTANI30BaHy APYyOHO3EPHHUCTY OJHOPIIHY CTPYKTYpPY
1 OZTHOPi/IHI MEeXaHI4YHi BJACTUBOCTSAMHU IO JOBXKHHI 1 IIUPUHI CTPIUKH.
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2. MexaHi4HI XapaKTEPUCTHKH IIBUIKO BiIMAJIEHUX XOJIOAHOKATAHUX CTaJEH 31 CTyleHEeM
obtuckanusa ~ 60% 3amoBosbHsSIOTE HOpMaTuBHI BUMOTH JICTY 2834-94 nmns crami 50 micns
KOBITAKOBOTO BiIaly.

3. JlochmipkeHn MIBHAKICHUH  CIOCIO I PEeKPHUCTATI3AIIHHOIO BiINaly MOXE OyTH
BUKOPUCTAHUN JJI TMiABUINEHHS TEXHOJIOTIYHOI IUIACTUYHOCTI TOTOBHX 3arOTOBOK 3 METOIO
3MEHIIICHHS OpaKy MpU BUTOTOBJICHHI BUPOOIB CITIOCOOAMU MJIACTUYHOTO J1epOopMyBaHHS.
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VIIK 621.791
KPUTEPII 3HOCOCTINKOCTI HAIVIABOUYHHMX CTAJIEN4

Pomaes /I.T., marictp rpynu MC-55-23
XapkiBchkuii HalioHaNBHAIT ABTOMOOLILHO-T0POKHIi yHiBepcHTeT

Anomauia. PozensiHymi numaHHsa 3aCMOCYBAHHS PO3PAXYHKOBUX Kpumepiig IHMEeHCUBHOCH
3HOWYBAHHA ONA  NPOSHO3VBAHHA 3HOCOCMIUKOCMI HANIABOYHUX cmanei O01i BIOHOB6]eHHs
iHcmpymenmy eapsa4oi 06podoxu memanie i cnaasis. Iloxaszana ix npuoamwuicmv 011 OYIHKU
3HOCOCMIUKOCMI 8 YMOBAX BUCOKUX MeMnepamyp i YUKIIYHUX HaANPYHCEHD.

Knwuoesi cnosa: cmans, 3Hococmitikicms, HANIA61eHHS, Kpumepii 3HOCOCMIUKOCMI.

CRITERIA OF WEAR RESISTANCE OF SURFACING STEEL

Romaev D., master of group MC-55-23
Kharkiv National Automobile and Highway University

Abstract. The issues of application of calculated wear intensity criteria for predicting the wear
resistance of surfacing steels for restoration of tools for hot processing of metals and alloys are
considered. Their suitability for evaluating wear resistance under conditions of high temperatures
and cyclic stresses is shown.

Keywords: steel, wear resistance, surfacing, wear resistance criteria.

Beryn

OcTaHHIM YacoM 3HAYHO MPOCYHYJMCS PIIIEHHS KOHTAaKTHUX 3ajjad TEPMOIPY>KHOCTI IpU
OJTHOYACHOMY 3HOIIIYBaHHI TiJ 1 11T Jukepen Teruia. HarpiBanHs poOUTh ICTOTHHI BIUIMB Ha JIOKAJIbHY
3MiHY (OpMHM JOTHUYHUX IOBEPXOHb TUI Ta CTPYKTYpHI HepeTBopeHHs. IIpu 1pomy 1cTOTHO
NEepepO3NOAUIIOTECS  HAMpyKeHHs, Aedopmariii, TemMnepaTypHd, po3MipH BHXiIHOI 00jacTi
KOHTAKTy, IHTEHCUBHICTh 3HOILIYBaHHS.

AHnauni3 ny0Jikaniii Ta MeTa 10CTiIKeHb

OcTaHHIM 4acoM 3HAYHO MPOCYHYJIMCS PIIIEHHS KOHTAKTHHX 33/a4 TEPMOIIPYKHOCTI MpHU
OJIHOYAaCHOMY 3HOIIIYBaHHI TUT 1 Jii mxepen teria [1-5]. HarpiBanus poOUTh ICTOTHHI BITUB Ha
JIOKaJIbHY 3MiHY (hOpMHU JOTUYHUX MTOBEPXOHB T1JI Ta CTPYKTYpHI nepeTBopeHHs. [Ipu npomy icTOTHO
MEepPepO3NONIISIOTECA  HANpyXKeHHs, JedopMallii, TeMmIepaTypd, poO3MIpH BHUXIIHOI o0nacTi
KOHTAKTY, IHTEHCUBHICTh 3HOLTYBaHHS 3a MEPi0j TepPTH.

HanuaBneHHst 3HOCOCTIMKMMU MaTepiajlaMi, OCHOBHUMH 3 SKHX € CIJIaBU Ha OCHOBI 3aJ1i3a,
PO3BHUBAETHCS HAMOUIBII IHTEHCUBHO SIK MPH BUTOTOBJIEHHI, Tak 1 Mpu peMoHTi [4]. BuBueHHIo
3HOCOCTIMKOCTI MartepiajliB IpUCBSIUEHE pAA POOIT, Y SIKUX HEMae €IUHOI AYMKH NpO BILUIUB
TBEPJOCTI M CTPYKTYPH HA 3HOCOCTIHKICTb.

Cknag 1 BIIAaCTMBOCTI 3aCTOCOBYBAaHWX HAIUIABIIOBAIBHUX CIUIaBIB 0arato B 4YOMY
BHU3HAUAIOTh HE TUTBLKH ITiIBUIIIEHHS JOBTOBIYHOCTI JieTaliel, By3/IiB, MalllUH, JiHil arperaris, ane i
TEXHOJIOTIYHICTb MPOLIECIB X HAHECEHHS, a TAKOK EKOHOMIIO JeQIUTHUX CTPATEriuHUX MaTepialiB
(Bonbdpam, Hikenb, MONiOAEH, BaHaAId, KOOAIbT 1 IHML). 3 ypaxyBaHHSM MaTepialo3HaBUUX

14 Po6oTa BUKOHAHA ITiJ KEpiBHULTBOM HoLeHTa barposa B.A.
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0COOIMBOCTEH 3HOCOCTIMKHMX CIUIaBIB PO3LIMPIOIOTHCS MOKJIMBOCTI JYTOBOTO HAarlIaBJICHHS,
TEXHOJIOT1YHA PI3HOMAHITHICTH SKOTO JJ03BOJISI€ IHTEHCUBHO PO3BUBATUCS, 3AJIUIIAIOYHUCH IPOBIAHUM
nporiecoM. HaruiaBiaeHi 3HOCOCTIMKMMH JITOBAHMMH CTasIMM 1 YaByHaMH JAeTami 3/1e0iblie
eKCIUTyaTyIOThCSI B YMOBaX TEpPTs MPH IUIACTUYHOMY KOHTAKTi, SIKOMY BiJIOBiJIa€é BTOMHUX 3HOC,
Mikpopi3zaHHs (aObpa3suBHUIA, Ta30a0pa3uBHUIA 3HOC), BIUTUB KOPO3ii 1 1HIII.

Y mumpokomy Jiana3oHi 3MiHH TEMIIEpaTypH, IIBHUAKOCTI, HaBaHTa)KCHHS, IHTCHCHBHICTH
3HOCY B KPUTHYHMX TOYKaX pI3KO 3MIHIOETbCS [6], 1m0 0OyMOBIIOE HEOOXIiTHICTH
€KCIIEPUMEHTAIbHUX JOCIIKEHb (DPUKIIIHHOT TeTIOCTIHKOCTI.

HesBaxaroun Ha 3a3HaueHi TPYIHOILII, HIHHICTh PO3PaXyHKOBUX BHpa3iB O€3CyMHIBHA, TOMY
o iX aHali3 JI03BOJISAE€ 3HAXOAWTH OakaHW HAMPSIMOK 3MIHM BUXITHUX (DI3MKO-MEXaHIYHHUX
BJIACTUBOCTEH.

MeToro poOOTH € TPOBECTH aHAJII3 PO3PAXYHKOBUX KPHUTEPIiB IHTEHCUBHOCTI 3HOIITYBaHHS
JUTSL TIPOTHO3YBaHHS 3HOCOCTIMKOCTI HAIJIABOYHUX CTAJICH Ta IMOKA3aTH IX MPUAATHICTh JJIS OI[IHKH
3HOCOCTIMKOCTI B YMOBaX BHCOKHX TEeMIIEpaTyp 1 LUKIIYHUX HAMpPy>XeHb ISl pOOOYMX IUISHOK
[ITaMIIOBOTO IHCTPYMEHTY 1 IPOKATHHUX BaJIKiB, BUKOPUCTOBYBAaHHX IPH 0OPOOII raps4oro MeTay.

Metoau i MaTepiajau 10c/iIzKeHHA

B3aemMo03B'130k  pO3paxyHKOBOI IHTEHCHBHOCTI 3HOIIYBAaHHS 1 BIJJHOCHOI 3HOCOCTIMKOCTI
MapTeHCUTHOAYCTEHITHUX 1 iHCTpyMeHTanbHuX ctaneid (S0XHM, 08X6H8M7C, 40X41'8T2C,
20X3I'9MST2C Ta iHOIL.) BCTAaHOBIIOBAJACS TPU THCKAaX, OJMM3BKUX IO CEpPEIHIX THUCKIB Ha
KOHTAKTHOI MOBEPXHIi MpH Trapsuiit o0poOii craneit. JlocimkeHHs NPOBOIMWINCA Y BIANOBITHOCTI 3
I'OCT 3480-97 na mammni Tepts 2070 CMT-1 3a cxeMor0 «IMCK-KOJIOAKa». Pexxumu Teprs:
MIBUIKICTH oOepTanHs qucka V=0,25, 0,5 m/c, HapanTaxkeHHss N=25, 50, 75 H. Marepian KOHTpTiJIa
ctaib 40X Tepmoobpobiiena, HRC 47-49.

Pe3yabTaTn nociiakeHb

[Tpu mpupoO1i 1 cTamoMy 3HOCI JTOCHIIKYBAaHUX CTaJIel CIOCTEPITaEThCSl OKHCIIIOBATIBLHUN
3Hoc. Ilpu 306inblIeHHI 4Yacy TepTs OKHMCIIOBAIBHUN 3HOC TNEpeXOauTh B TEIUIOBHUH, 10
CYIIPOBOJUKYETHCS KOHTAaKTHHM CXOIUTFOBAHHSM 1 OIUIABJICHHSM ITOBEpXOHb TepTs. HaiOinbiry
3HOCOCTIMKiCTh noka3zana craib 20X3I'9MST2C. 3miHa AucaoKaifHOI CTPYKTYPU MPUKOPAOHHUX
oOractell 30HM TEpTs 1 CTapiHHA, IO B1IOYBAIOTHCS B pe3yibTaTi Ail MIABUIIEHUX TEMIEpaTyp 1
nedopmarliif, € OAHUM 3 OCHOBHHUX (paKTOPIB MiABUIIIEHHS KOHTAKTHOT MIITHOCTI 1 MIKPOIUTACTHYHOCTI
noBepxHeBux mapiB. Kpim Buille nepepaxoBaHux (hakTopiB, 3SMEHIIEHHS 3HOCY MOXHa MOB'I3aTH 31
3MIHOIO aAre3ifHOI CKJIaJ0BOI CWJIM TEpTS, 30HM IUIACTUYHMX JedopMalii, BIUIMBOM 3HAYHOI
KUTBKOCTI 1 PIBHOMIPHUM PO3MOIOM 3a 00cAroM KapOiliB TUTaHy. XapakTep 3MiHHM KoedilieHTa
TepTs NOKa3aHUM Ha puc. 1.

OmiHka po3paxyHKOBHX 3HAau€Hb BIUIMBY TEMIIEpaTypd Ha B'A3KICTb pyHHYBaHHS 3a
kputepismu Jx. Mankina 1 A.C. Terenpmana [7] ajis HaAmIaBOYHUX CTajedl 3 MeTacTaOUTLHUM
ayCTeHITOM TMoOKa3aja HacTymHe. OCKUIbKM A YMOB MOJIEKYJISIPHO-MEXaHIYHOTO 3HOIIYBAaHHS
pobounx minsHOK mTammiB KoedimieAT 3HOcocTiikocTi Kyw~Kc? [8], To 36impmenns Kc mpu
BUKOPDUCTaHHI  cTaJlel 3  MeTacTaOlIbHMM  ayCTEHITOM  3MIHUTb  CITiBBIJHOIICHHS

u

N ~\-2 . o . N
K, =] -(l— o, -GB) , A€ J — MeKa TPINMHOCTINKOCTI, 0;— MaKCUMAaJIbHE TOJIOBHE HANPYKCHHS B

HeOe3neuHil 30H1 JeTai; o,— Mexa MiHOCTI. IIpy 6IM3bKMX 3HAYEHHSIX KOHTAKTHOTO THCKY B Iapi

TEPTS YTBOPEHHS TPILIMHU KPUTUYHOI JOBXHHU 3pOCTAE 13 30UIbIICHHAM €()EeKTUBHOI TOBEPXHEBOT
eHeprii.
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TakuM yumHOM, TIOKa3HWUKH TpimuHocTiikocTi (Kc, J, dc), a oTke, 1 omip 3HOIIYBaHHS,
BTOPUHHOTBEPAIFOYMX CTAJCH 1 CTaJIed 3 METAacTaOdlIbHUM ayCTCHITOM BHIIE, HDK MapTECHCUTHHUX
HAIUIABOYHUX CTaJIeH 1 IHCTPYMEHTAIbHUX.

3a 3HOCOCTIHWKICTIO HaIIaBlIcHUIE MeTai pisHux cucteM yeryBanus (C — Cr — Mm — Si-Ti
C—Cr—Mo-W -V, C-Ti-Ni) He noctrynaerbcs cruiay 35B9X3®. Sk i uis Manux 3Ha4eHb pa
IIJIBUIIICHHS. 3HOCOCTIMKOCTI CIIPUS€E JIETYBaHHS THUTAHOM TIpU 30€peKeHHI B XPOMHUCTOMY
HarutaBiieHH1 Byraero 0,35...0,40 %.

08X6H8M7C

1o P 5 [5XHM
&’\'/_‘\ ————— . ..j

_____ T

|- < 40XA4T8T2C
R |

g \ 20X3M9M5T2C
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Pucynok 1 — Xapakrep 3MiHM KoedillieHTa TepTS )i CTalel PI3HUX CTPYKTYPHHX KJlaciB

binpi1 BUCOKyY B OPIBHSAHHI 3 MaTepiajoM - etaioHoM 35B9X3® ¢pukiiiiHy TernaocTiiKicTh
MalTh EKOHOMHoOJIeToBaHI HarmiaaBouHi craii: S50XS5SM2BH2®, 08X6HS8M7C, 40X4I'8T2C,
20X3I'9MST2C. MiHiManbHUM pO3KKJ 3HAU€Hb IHTEHCHBHOCTI 3HOILIYBAHHS XapaKTepHUIl B
Jiarna3oHi cepeHiX 1 MiBUIIEHUX TeMIlepaTyp. 3MEHIIEHHs 3HOCY NpH MiABUIIEHHI TeMIepaTypu
400...500 K o0yMOBi€HO K 3MIHOIO (I3MKO-MEXaHIYHUX XapaKTEPUCTUK METally KOHTaKTHHUX
00csriB

BucHoBku

VY pe3ynbTaTi MpoBeACHUX Ja00paTOPHUX JOCTIIKEHb BCTAHOBJIECHO:

- yac nepeOyBaHHSI METally B 30HI IUIACTUYHOI Aedopmariii npubIN3HO Ha MOPAJOK MEHIE
3arajibHOI TPUBAJIOCTI pOOOTH KOHTAKTYIOUUX JUISHOK MapH TEPTH;

- KoedilleHT Bapialii TMOKAa3HHUKIB 3HOCY 3MEHIIYEThCS 31 30UIBIIEHHSM YacTKU
MeTacTablIbHOTO ayCTEeHITY Y BUXIJHIM CTPYKTYpl HAaIUIaBJICHOTO METaly;

- ()pUKIiifHa TETUIOCTIMKICTh EKOHOMHOJIETOBAaHUX HArIaBOYHHUX craneit cuctemu C-Cr-W-
Mo-V-Ti Bule aHaMOTiYHOT XapaKTePUCTUKU HarIaBieHOro Metainy tuiy 35B9X3d..
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OIIHIOBAHHS HAITPYKEHOI'O CTAHY POBOYOI'O ITAPY BAJIKA METOJOM
BUMIPIOBAHHS KOEPIIUTUBHOI CUJINY

IBaxnenko O.M., cryaent rpynu MC-21-22
XapkiBCcbKHH HALlIOHAJILHUH ABTOMOOITbHO-10POKHiN YHIBepCcHTET

Anomayia. Pobouuti wap 080waposux 6uUCOKOXPOMUCIUX YABVHHUX BANIKIE XAPAKMEPU3YEMbCs
BUCOKUM DIBHEM HANPYIHCEHb, WO MOJCe CMAamu NPUYUHOI NepedvdacHO20 PYUHY8AHHA 8 Npoyeci
excnayamayii anka — GUHUKAIOMb GI0UApO8Y8anHts, cimka po3nany. Bumipioeanns koepyumueHoi
cunu 00380JI€ OYIHUMU 3ATUMKOB] HANPYIHCEHHST MaA iX po3noodinl 6 pobouomy wapi eanika Nics
BU2COMOBNEHHA MA 8 NPOYeCi eKCNyamayii.

Knrouoei cnoea: osowaposuii 8a10K, UCOKOXPOMUCMUL YABVH, HANPYHCEHHS, KOEPYUMUBHA CUILA.

ASSESSMENT OF THE STRESS STATE OF THE WORKING LAYER OF THE ROLL
COERCIVE FORCE MEASUREMENT METHOD

Ivahnenko O., student of group MC-21-22
Kharkiv National Automobile and Highway University

Abstract. The working layer of two-layer high-chromium cast iron rolls is characterized by a high
level of stress, which can cause premature destruction during the operation of the roll - delamination,
annealing grids occur. Measuring the coercive force makes it possible to estimate residual stresses
and their distribution in the working layer of the roll after production and during operation.

Key words: double-layer roll, high-chromium cast iron, tension, coercive force.

Beryn

[TinBuIeHHST MPOAYKTUBHOCTI MPOKAaTHUX CTaHIB Ta SKOCTI MPOKATy BHCYBAa€ BCE OLIbII
BHUCOKI BUMOTH JI0 BIaCTUBOCTEHN (hOPMYIOUOTO IHCTPYMEHTY Ta 301IbIIEHHS TEPMIHY HOTO CIIy:KO0u
[1]. o nporpecuBHUX pO3pOOOK y ray3i TEXHOJOTT BUTOTOBJIEHHS MPOKATHUX BAJIKIB BITHOCUTBCS
METOJ BiILIEHTPOBOTO JIUTTS, SIKMH 3HAYHO PO3LIMPIOE MOXKIUBOCTI BUKOPUCTAHHS 3HOCOCTIMKHX,
aJle HETeXHOJIOTIYHUX MaTepiaiiB, TAKUX SK BUCOKOXPOMHUCTI yaBYHU. Pobounii map JBomapoBUX
BHCOKOXPOMHCTUX BAJIKIB XapaKTEepPU3YeTbCS BUCOKMM pIBHEM HampykeHb. [lepeBUIeHHs
JOMyCTUMOTO PIBHS HANpPYXEHHS a00 HECTPUATIUBUN pPO3MOJAUT MOXKE CTaTH HPUIHHOIO

MepeuacHOro pyHHYBaHHS B IPOIECi CKCIUTyaTallii Bajika — BHHUKA€E BIANIAPOBYBaHHS, CiTKa
po3smainy.

AHaJui3 nyoJaikanii

Banku mpokaTHHX CTaHIB — OCHOBHUN poOOYHMI IHCTPYMEHT INpOIeCYy MPOKAaTy-BaHHS.
[I[06 3a0e3meunTH OTPUMAHHS MPOKATy 3adaHoi (HOpMH, PO3MIPIB 1 AKOCTI MPOKATHI BAJIKHU
MOBUHHI MaTH BUCOKUM KOMIUIEKC €KCIUTyaTalliiHUX BIACTUBOCTEH [2].

Ha >xanp nmyke CKIagHO CTBOPUTH BHCOKMH pIBEHb BJIACTUBOCTEH, TOMY HPUXOIUTHCS
3a0e3mevdyBaTH ONTHUMAJIbHI KOMOIHAIlli 3HAa4eHb BIACTHBOCTEeW. Hampukiam, BaJku OZHOYACHO
MOBMHHI MaTu BUCOKUH KOEQIIIEHT TepTs, 00 3aXBaTyBaTH METaJ, 1 OJHOYACHO MU KOe(DillieHT

15 Po6oTa BuKOHaHA mij KepiBHUITBOM moueHTa Jlanasaposoi H.O.
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TEPTS, 00 3a0€3MEUYUTH BUCOKY 3HOCOCTIMKICTh; BUCOKY MIIHICTh Ta 3HOCOCTIHKICTh 1 OJTHOYACHO
HE BHCOKY MIIHICTh Ta 3HOCOCTIHKICTh, 100 3a0e3meuntu A00py OOpOOIIOBAHICTH Pi3aHHSM,
MIIIaBaTUCS TEPMIYHIA 0OpOOIll — rapTOBYBaHHIO — IS ITJABUINCHHS TBEPAOCTI 1 pa3oM 3 TUM
BHCOKY TE€PMIUHY CTIHKICTh, 11100 30epiraTé BIACTUBOCTI IiJl JI€I0 BUCOKUX TeMIIEpaTyp; MOTpiOHA
BHCOKa TBEPJIICTh 1 3HOCOCTIMKICTh POOOYOi MOBEPXHI 1 OJTHOYACHO 3/IaTHICTh CIPUMMATH THHAMIYHI
HaBaHTaXeHHA. Llell KOMIUIEKC cynepewInBUX BIACTHBOCTEH MoOke OyTH OTpHMaHUil mpH migdopi
XIMIYHOTO CKJIaJTy Ta OCOOJIMBOCTSIMHU TEXHOJIOT11 BUIUTABKH, JIUTTSI, TEPMIYHOI 00poOKH. CKIaAHICTh
TEXHOJIOT1] OTPUMAaHHSI BAJIKIB TIOSICHIOETHCS HE TUTBKU OCOOTMBOCTSMH MaTepialliB Ta CHeIiaTbHIM
KOMILIEKCOM BJIACTUBOCTEH, a TAKOXK 1X r€OMETPUYHUMHU ITapaMeTpaMH.

Basiku BUTOTOBJISIFOTS 13 CTaJIi, TBEPMX CILIaBiB, 4aByHiB [3, 4]. [Ipu rapsgomy npokatyBaHHi
Ha COPTOBHUX Ta JIMCTOBUX CTaHAX 3aCTOCOBYIOTh YaBYyHHI BaJIKU. L1 Basiku 3a0e31euy0Th 10CTaTHBO
BHCOKY 3HOCOCTIHMKICTb (y KiJIbKa pa3iB BUILY HIX cTajeBi). [[pokaTHUl YaByHHHIA BaJIOK — 1€ OJJHA
3 HalOLIbII CKIAJHUX JIeTallell, SKy BUTOTOBIISIFOTh METOAOM JIUTTSL.

B 3amexHOCTI Bif XIMIYHOTO CKJIaAy BHKOPHCTOBYIOTH BAJIKH 3 HEJIETOBAHOTO YaBYHY 3
IUIACTUHYACTUM abo KyJsicTUM TpadiToM Ta 3 JIErOBaHOrO 4YaBYHY (XpOMO-HIKeNeBi Ta
BHCOKOXPOMHCTI).

3Bakarouu Ha Te, 110 OCHOBHUMH BUMOT'aMH JI0 BIACTUBOCTEN (POPMYIOUOro iHCTPYMEHTY €
3HOCOCTI#Ka po0oya MOBEPXHs 1 MillHA CEPIIEBIHA, BAJIKK BUTOTOBJISIIOTH 3 PI3HOPIIHUX MaTepialiB.
AJie dyepe3 BIIMIHHICTD Y PiBHI 1X TeI10(i3MYHUX BIACTUBOCTEH y MpoIleci eKCIuTyaTallii MOKIMBe
pyHHYyBaHHsI a00 BigmapyBaHHs poOodoro mapy ¢opmyrodoro iHcTpyMeHta. OTpuMaru 3 pizHUX
MarepiaiaiB BUpiO HEOOXiAHOI SKOCTI 3 MiHIMAJIBPHUMHU BHPOOHHUYMMH BHUTpPATaMH JI03BOJISIE METOJ
BiJIIICHTPOBOTO JIUTTI.

Excruryaramiiina CTIHKICTh BajKiB 3 BHCOKOXPOMHCTOTO 4YaBYHY 3HAYHO BHINA, HIXK
XPOMOHIKeIeBOro abo afamMiTOBOTrO, IO TMOB'S3aHO 3 HOT0 MEHIIO CXMJIBHICTIO 70 (hOpMyBaHHS
CITKM pO3Majly, OKHCHEHHs, HAJMNaHHA OKAJWMHH IpH MpPOKAaTyBaHHI, OUIBIIOI0 TBEPIICTIO B
pe3ynbTati opMyBaHHs cienkapOiaiB xpomy tumy Me7Ca.

Croci0 BiZILIEHTPOBOTO JUTTS ABOLIAPOBUX BAJIKIB 3 pOOOYMM IIAPOM 3 BUCO-KOXPOMHUCTOTO
YyaByHY 3a0e31euy€e eKOHOMIIO JIETYIOUUX €JIEMEHTIB 1 JJ03BOJIsi€ MEXaHIUHO 00POOIISITU MEHII TBEPAY
CEepILIEBUHY BaJIka IPU BUTOTOBJIECHHI MNHOK 1 TpediB [5].

AHauni3 iHpopMaliitHuX MaTepiajiB I0Ka3as, 1110 B JaHUH Yac MPOBIAHI BaJlbLIETUBApHI GipMU
BUTOTOBJISIIOTH BUCOKOXPOMMCTI BaJIKU 3 BMICTOM xpomy 12 — 20 % i Byruerto 2,4 — 3,4 %. Kap6iau
€ OJIHUM 3 OCHOBHHUX €JIEMEHTIB CTPYKTypU poOOYOro Iapy BHCOKOXPOMHUCTHX YaBYHIB. Tak sk
poboumii mmap JBOIIAPOBUX BUCOKOXPOMUCTHX BAJIKIB XapaKTE€PU3YETbCS BUCOKHM pIBHEM
HaIpyXeHb, TO HEOOX1JJTHO KOHTPOJIIOBATH X piBEeHb. Uepe3 BeIuKi po3MipH BajKa IIPOLeC KOHTPOIIIO
PiBHS HaNpyXeHb JOCUTh CKJIaJHUI 1 TOMY MOTPiOEH BUCOKOIPOAYKTUBHHM, HEPYHHIBHUN METOJ
KOHTpoJTIO [6].

MeTta po6oTH i 3aB1aHHA

MeToro poOOTH € OLIIHIOBAHHS PIBHS 3aJUIIKOBUX HANpPY>K€Hb B p0O0OYOMY IIapi MarHITHUM
METOJIOM 32 KOCPUIUTUBHOIO Cuior0. J[isi moCsSTHEHHs 11i€i MeTh OyJM TMOCTaBJEHI Ta BHUPIIICHI
HACTYIHI 3aBJaHHA: OILIHKAa HANpy>KEHOro CTaHy poOoYoro Imapy BajJKa METOJOM BHMIpY
KOCPIUTHBHOI CHJIM; BCTAHOBJICHHS KOPEJIIIHHOTO 3B'SI3Ky MK TBEPHICTIO Ta KOEPIUTHBHOIO
CHJIOO.

MarepiaJj i MeTOAU TOCTIAKEHHS

JlocmikeHHsT TPOBOIMIIM Ha 3pa3kax, BiMIOpaHMX BiJl BEPXHIX Ta HIDKHIX Kilenb O04OK
BIIIICHTPOBOJINTHX BAJIKIB IMMPOKOCMYTOBHX CTaHIB 3 POOOYHMM IIAPOM 13 BHCOKOXPOMHCTOTO
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yaByHy. Marepian po6odoro mapy MaB HACTyIHHE XiMiuauii ckian: 2,58 % C; 0,74 % Si; 1,10 %
Mn; 0,07 % P; 0,04 % S; 1,28 % Ni; 0,98 % Mo; 0,03 % Mg, BMicT XpoMy Y pi3HHX 3pa3Kax CKJIaJaB
- 12,2 % Cr; 16,6 % Cr i 18,8 % Cr. BusnaueHHss XiMIYHOTO CKJIaay MaTepiaay poOwWId Ha
MMOPTAaTHBHOMY ONTUYHOMY eMiciiiHOMY aHami3aropi PMI-master UVR.

TBepaicTh BaJIKiB BUMIpIOBAIM MOPTaTUBHUM JAUHAMIYHUM TBepromipom mojaeni TIMES120
3a merozom Illopa (HS).

OniHroBaHHA HANpyXeHo — Ae(GOpMOBAHOTrO CTaHy poOOYOro mapy BajlKiB MPOBOAWIM 32
JIOTIOMOT'0F0 Mar"iTHOro crpykrypockomna KPM-I1 (koeprutumerp) (puc. 1).

Pucynox 1 — Marnitauii ctpykrypockon KPM-L]

PoGora koepruTuMeTpa 3acHOBaHA HAa HAMArHidyBaHHI JUISHKH BHPOOY 3a JIOTIOMOTOIO
MPUCTABHOTO  CJIEKTPOMATHITY 3 TMOJaJbIIUM pPO3MAarHiyyBaHHSM. BHMIpIOETbCS  CTpyM
po3marHiuyBaHHs |p, IpOMOPUIHHIA KOSPUUTHBHIN crti H..

Pe3yabTaTn noc/iiKeHHs

ExcruryaTaniiiHi BIacCTUBOCTI POKAaTHUX BAJIKIB B YMOBaX TEPMOIIMKIIYHOTO HaBaH-TaXKEHHS
3HA4YHOIO MipOI0 3ajeKaTh BiJl PiBHS 3QJIMIIKOBUX HAINPYKEHb B poOOYOMY IIapi. 3aHaJATO BUCOKUI
piBeHb HampyXeHb a00 X HECHPHUATIMBHN PO3MOII MOXYTh CTaTH TPHUYUHOKO IEPETIaCHOTO
MOILIKO/KEHHs po00Yoro 1mapy BaJIKiB SIK MPH iX eKCIUTyaTallii, TaK 1 B IpoIeci MiArOTOBKH 10 Hel
(mmidyBanns). s OIiHIOBaHHS HAMNpPyXEHO — JIe()OpMOBAHOTO CTaHy poOOUYOTo Iapy 3
BHUCOKOXPOMHCTOI'O YaBYHY BUKOPHCTOBYIOTh MAarHiTHUH KOHTPOJb (3a KOEPIHUTHBHOIO CHIIOHND),
KU € HepYHHIBHUM Ta BUCOKOIIPOIYKTUBHUM MeTOI0M [6].

BukopucranHs sk ekcrpec — METOJly BUMIPIOBAHHS KOEPLUTHBHOI CHJIM 3a JI0-TIOMOTOIO
MarHiTHoro crpykrypockona KPM-L] (koepuutumeTp) 103BOJIsI€ OLIHUTH 3AJIMIIKOBI HaNpy >KEHHS
Ta iX pO3MOALN TicClis BUTOTOBJIEHHS Ta B TMpoleci eKCIUTyaTalii (Jo Ta Micias KOXKHOTO
npodintoBanHs). BusiBnenns obnacteil 3 BUCOKUM 3HaueHHAM He Moxke OyTH OCHOBOIO 7151 IPOTHO3Y
YTBOPEHHS TPIIIMH, BiAMIAPOBYBAaHHS pOOOYOro Iapy Ta pyiHyBaHHS IIUHOK.

KoepuutrBHa cuiia 4yTiivBa, 3 0JHOTO OOKY, 10 CTPYKTYPHHX 3MiH Y CIJIaBi, a 3 1HILIOTO — JI0
Hanpy’KeHb, 110 HAKONUYYIOThcA. ToMy, Ha 101aTOK /10 OLIIHKY TOBEPXHEBOI TBEPIOCTI SIK eKCIIpec-
METOAY Ui BH3HAYCHHS HANpPYXEHOTO CTaHy BHJIMBKA BUKOPHUCTOBYBAIM BUMIPIOBAHHS
KOEPLUUTHBHOI CHJIH 3a Jloriomoroo koeprutumerpa KPM - 1. IlpoBeneHo BUMiproBaHHS TBEPIOCTI
Ta KOEPUUTUBHOI CHJIM Ha MOBepXHI 004oK 40 BajikiB 3 pi3HUM XIMIYHMM CKJIaJIOM Ta YMOBaMU
(dbopmyBaHHS poO0OYOro mapy. Sk mokazaiu J0CHiIKEHHS, ICHY€ CTIMKHI KOpeNsLiiHIHA 3B'130K MK
KOEPIIMTUBHOIO CHJIOIO Ta TBEPAICTIO B iHTEepBaJli 3Ha4eHb 55 — 80 HS (puc. 2).

CriBBiTHOLIEHHS MK KOEPIMTHBHOIO CHJIOI Ta PIBHEM TBEPIOCTI OMHUCYETHCS JIHINHUM
PIBHSHHSM
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Hc=1,52 HS - 63,3
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Pucynox 2 — 3anexHicTb MK TBEPIICTIO Ta KOSPIIUTUBHOIO CHUJIOIO

AHmnaii3 pe3ynbTaTiB BUMIpIOBaHb MIOKa3aB, 0 PO3KU/I 3HAUEHb B cepelHboMY cKianae 2,3 %.
[Tpuuomy 3i 3pocrannsaM koedimienta K = Cr/C po3ku[ 3Ha4eHb AEI0 301IbIIYETHCS 1 CTAHOBUTH
1,7 % nna K<5,a K >5-24 %. Orpumane piBHAHHS 100pe ONMHCYy€e CHIBBIAHOIICHHS MiX
TBEPJIICTIO 1 KOCPIIUTUBHOIO CHUJIOK, BUMIPSHUMHU Ha KUIBLAX, BIMIOpaHUX BiJl BEPXHBOI 1 HUKHBOT
4aCTUHHU OOYOK BAJIKIB.

HanpysxeHHs, 110 BHHUKAlOTh Yy poOOYOMY IHapi Bajlka, MOXYTb BIJIPI3HATHCA B
MO3/I0B)KHBOMY Ta IIONEPEYHOMY HaIpsIMKY. 3HauHa BIJIMIHHICTh IUX BEJIWYMH HECIPHUSITINBO
BIUIMBA€ Ha €KCIUTyaTalliifHy CTIMKICTh BajKa.

BuMiproBaHHsSI KOEPIUTHBHOI CHJIM B IONIEPEYHOMY 1 ITO3/JOBKHBROMY HANpsSMKY TOKa3aiu,
10 Ha TIOBEPXHi OOYKHU Basika BigHOIIEHHS HCupon /HCron. 3MiHIOBaZOCS B Mekax 0,95 — 1,05 Ta
aH130Tpomis He nepesullyBaia S5 %.

TunoBuM BUAOM pyiHYBaHHS BHACIiOK HE30aJJaHCOBAHOI'O PO3MOALUTY HAIPYXEHb €
PO3TPICKYBaHHS.

HeoHopinHICTh pO3NOJUTY HaNpyXKeHb IO MOBEPXHI OOYKM TakoXX Moke OyTH OLliHEHa
METOJIOM BUMIpPIOBaHHS KOEPIUTUBHOI cviH. JIokaiabHe miIBULIIEHHS piBHA HC Moxe OyTH OCHOBOIO
IIPOrHO3Y YTBOPEHHS TPIIHUHU.

TakuM 9uHOM, 3a JOTIOMOTOI KOEPUIUTHMETPHYHOTO EKCIIPEC-METOAY MOYKHA BUPILIUTH
JOCUTh LIIMPOKE KOJIO 3aB/IaHb KOHTPOJIIO SIKOCT1 BAJIKIB.

BucHoBku

1. BuxkopucTaHHsI MarHiTHOrO METOJY JIO03BOJISIE OLIHUTH 3aJIMIIKOBI HANPYKEHHS Ta iX
PO3MO/I1J1 MTICJIsl BATOTOBJIEHHS 1 B IPOIIECi €KCIUTyaTallil IPOKaTHOTO IBOIIAPOBOI0 Bajlka 3 poO04YUM
[IaPOM 3 BUCOKOXPOMHUCTOT'O YaBYHY 3a BETMUMHOIO KOEPLIUTUBHOI CHIIH.

2. JlocnigKeHHs] oKa3aiH, 110 ICHY€E CTIMKUN KOpeNnsuiiHUN 3B'A30K MK KOEPLUUTHBHOIO
CHJIOIO Ta TBEPAICTIO B iHTepBasli 3HaueHb 55 — 80 HS.

3. Merox BUMIPIOBAHHS KOEPUUTUBHOI CHJIM TaKOXX MOXe OyTH BUKOPUCTAHUM JUIs
OLIIHIOBAHHS HEOJHOPIAHOCTI PO3NOALTY Halpy>KeHb M0 MOBEPXHI OOUKH BaJKa.
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VK 621.791

JOBI'OBIYHICTDb LHITAMITIB, HAIIJIABJIEHUX CTAJIAMHA CUCTEMM Cr-Mn-Mo-Ti
HA OCHOBI 3AJII3A®

3aBe3uctyn A.1O. cryaent rpynu MC-41-20
XapkiBcbKHH HAlIOHAJILHUI AaBTOMOOITbHO-10POKHiN YHIBepcHTET

Anomayia. Bcmanosneno, wo 36invuwenns emicmy Mn ma Cr 6 HaniasieHoMy Memani 3HUXCYI0mMb
akmusHicms  gyeneyro; 30itbutenns kitvbkocmi  gazu  TiC  nidsuwye 6HympiwiHw meniomy
Hannasneno2o memany. lliosuwennus mennocmivxocmi cnaagie cucmemu Cr-Mn-Ti na ocnosi 3aniza
cnpusie 30inbuenus emicmy ¢gazu [TiCJ; esedenns [Mo] cmabinizye 3nauennss meepoocmi npu
ni0BUWEHUX MeMNepamypax, niosuwye menjioCmiuKicms i meepoicme..

Knrouoei cnoea: nannagienus, nopouikosuti opim, 1e208anuii uioc, cCmpykmypa.

THE INCREASE IN DURABILITY ALLOYS OF THE SYSTEM CR-MN-MO-TI
IRON-BASED

Zavezystup A., student of group MC-41-20
Kharkiv National Automobile and Highway University

Abstract. It is established that the increased content of Mn and Cr in the weld metal and reduce the
activity of carbon; increasing the amount of TiC phase increases internal warmth of the deposited
metal. To improve the heat resistance of alloys of the system Cr-Mn-Ti Fe-based contributes to the
increase in the maintenance phase [TiC]; introduction [Mo] stabilizes the hardness values at elevated
temperatures, improves thermal stability and hardness.

Keywords: surfacing, flux-cored wire, alloyed, flux structure.

Beryn

JlocmikeHHs, CIIpsIMOBaHI Ha 3HW)KEHHS €HEpro- Ta pecypcop3aTpaT NMPH HaIUIaBJICHHI
00pOOHOTO THCTPYMEHTA i OJJHOYACHOMY MiJBUIICHHI HOT0 HaAIHHOCTI i JOBrOBIUHOCTI, OCTaHHIM
4acoM CTaJIM OCOOJMBO akTyaibHi. [IpakTuyHUl pO3B'S30K 3aBAaHHS 3AIMCHIOETHCSA MIISTXOM
PO3pOOKM HOBHX 1 BJIOCKOHAJIOBAHHS HASBHUX HAIUIABOYHHX MaTepialliB 3 €eKOHOMHOJIETOBAHUMU
MOKPUTTAMHU ¥ IMIMXTO, 3aCTOCYBaHHAM ONTHMAILHOTO CIOCO0Y X HaIUIaBIeHHS 3 ypaxyBaHHSIM
0COOIMBOCTEH MOBEIIHKHM MaTepialliB y peaibHuX yMoBax. OcobiuBa yBara npu BIOCKOHATIOBAHHI
HAIUIABOYHUX ~ MaTepialiB  NPUAUISETbCA  MaTepialo3HABCBKUM  PO3pOOKaM  3HOCOCTIMKHX
€KOHOMHOJIETOBAHUX CILJIABIB.

AHauni3 ny0Jikaniii Ta MeTa 10CTiIKeHb

Cnyx00B1 XapaKTepUCTUKH HAIUIABJIIEHOTO MeETally, IPU3HAUYEHOro g pOOOTH B PI3HUX
yMOBaXxX 3HOIIYBaHHs, BH3HAYAIOTHCS HAacaMIIepe] CHUCTEMOIO JIETYBAaHHS 1 SIK HACHiJAKOM IbOTO,
pi3HUM (a30BUM CKIIAZAOM 1 CTpyKTyporo. [Ipu oMy HaliMeHI cpUsTAUBOi (ha30BO1 CKIIAJOBIM €
(bepuT, OCKUIBKM Ma€ HEBUCOKHUH piBEHb TBEPIOCTI, 3HOCOCTIMKOCTi, B'S3KOCTI  OMIPHOCTI
pyHHYBaHHIO.

186 Po6oTa BUKOHAHA ITiJ KEPiBHUITBOM HoLeHTa barposa B.A.
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JUts migBUIIEHHS 3HOCOCTIMKOCTI IIMPOKE 3aCTOCYBAHHS OJEpKajld CTalli HE TUIbKH 3
MapTEHCUTHOI, aie 1 ayCTEHITHO-MapTEHCUTHOIO, ayCTEeHITHO-KapOiTHOIO i
MapTEHCUTHOCTAPIIOYOI0 CTPYKTYPOIO.

JlocmipkeHHs 3arajbHUX 3aKOHOMIpPHOCTEH 1 pomi nedopMmaiiiHUX MapTEHCHUTHHX
nepeTBopeHh y (opMyBaHHI BJIACTHBOCTEH craneii mpoBeaene B poboti [1]. Ha ocHoBi
KOMILUIEKCHOTO BUBYCHHS B3a€MO3B'SI3KIB JepopMaIiiiHOro MapTeHCUTHOTO TIEPETBOPESHHS 3 (Pi3HKO-
MEXaHIYHUMHU BJIACTUBOCTSMHU METAcTaOITPHUX ayCTEHITHHX CTalled, a TakoX CTiMKocTi iX mpu
pI3HUX BUJAX KOHTAKTHOTO HABAaHTAa)KEHHS OyJu po3po0JeHI TP OCHOBHI I'PYNMH 3HOCOCTIMKHUX
craneit cucremu Fe-C-Cr-Mn, mo BiIpi3HSIOTBCS MO 3MICTy BYIJICIIO, MapraHIlo i Xpomy, sKi
MPHU3HAYCHI JUIS PI3HUX YMOB €KCIUTyaTallii BiTHOCHO BIUTMBY 3THPAIOYHX 1 yIaPHUX HaBaHTAKEHb:

1) 0,5-0,7% 3, 7-10% Mn, 3-5% Cr;
2) 0,8-0,9% 3, 6-9% Mn, 2-4% Cr;
3) 1,0-1,4% 3, 6-9% Mn, 0,8-2,5% Cr.

VY poborax [2, 3] mokazaHa MO>KJIMBICTh 3HAUHOTO MiABUIIEHHS 3HOCOCTIMKOCTI MaTepiany 3
PI3HOIO YaCTKOK METacTabiIbHOTO AyCTEHITY.

BuBueHHIO 3HOCOCTINKOCTI MaTepianiB MPUCBSIUYEHE P POOIT, Y SIKUX HEMAE €JMHOI TyMKHU
PO BIUIMB TBEPAOCTI W CTPYKTYpH Ha 3HOCOCTIHKiCTb. Y poGortax [3, 4] mokasaHe, mI0
3HOCOCTIMKICTB 3pOCTA€ 3aJIeKHO BiJ] 30UIbIIEHHS TBEPAOCTI Ta CTPYKTYPH METaly.

JUist migBUIIEHHS 3HOCOCTIMKOCTI JIeTasiel 1 By3iiB Yy IPOMHUCIIOBOCTI 3aCTOCOBYIOTh 3HAYHY
KUIBKICTh PI3HOMaHITHUX MaTepialiiB, Kl KJIacCH(PIKYIOTh 13 ypaxyBaHHSIM 3JaTHOCTI MPOTUCTOATH
pi3HUM BHJaM 3HomryBaHHs. J{nsi poOoTH geTaneil B yMOBaxX MOJIEKYJISIPHO-MEXaHIYHOTO, yIapHO-
abpa3uBHOro i aOpa3MBHOrO 3HOIIYBaHHS IIMPOKE 3aCTOCYBAHHS OJEpXKajld CTali, 110 MalTh
Kap01au i 6opinu, 1enedypuT 1 3aJIMIIKOBUI aycTeHIT abo KapOiHO-00puIHy 3MilLHIOI0UY (a3y B
ayCTeHITHO-MapTeHCUTHIH MmaTpuii. Ctani 3 NmoAiOHOI CTPYKTYpOK MaroTh BHCOKY TBEPHICTH 1
3aJI0BUIbHY 3HOCOCTIMKICTh, OJIHAK 3acCTOCyBaHHS iX He 3aBXIu 3a0e3neuye HEOoOX1THY
3HOCOCTIHMKICTh HarutaBiaeHoro mapy. Kpim 1poro, st iXHbOro BUTOTOBIIEHHSI 3aCTOCOBYIOTBCS Y
BEJIMKIA KUIBKOCTI Jopori ¥ nedinutHi MaTepianu. OJHUM 3 palliOHAIBHUX CHOCOOIB MiABUILEHHS
CTIMKOCTI HAIUIaBJICHOIO METally 3HOIIYBaHHS € 0araTOKOMIIOHEHTHE OIIaJUIMBE JIeTyBaHH, 3a
JIOTIOMOTOI0 SIKOTO BJIA€ETHCSI OJIEP’KAaTH CTalll 3 YNPOUHSIONIEH KapOiIHOI I MHTepMEeTaTuIHON
¢dazamu # BHCOKMMH (Di3MKO-MEXaHIYHUMHU XapakTepucTHkamu. J[ins 1mporo mpu po3poOri
HaIUTaBOYHUX MaTepiajiB BUKOPUCTOBYIOTh pi3HI KapOinoyTBoprotoui enementy — Cr, W, V, Nb 1 iH.

Metoam i MaTepiajam 10ciIKeHHA

HanuaBnennst poounu tpaktopom TC-17M Ha mimactunu po3mipom 200x150x25 mm 3i crani
20, 500x300x40 mm 31 crami 45 1 400x50x40 31 crani SXHM. ¥V skocTi 3axucHOro Quirocy ais
HaIUIaBJICHHS MOPOIIKOBUMH JApoTamH i3 cuctemamu jeryBanus Cr-Mn-Ti 1 Cr-Mn-Mo-Ti Ha ocHOBI
3amiza Oy mpuiiHATHH ¢urroc AH-22. BuxigHa ocHoBHICTE (urrocy AH-22 - B=1,4668, ximiuHa
aKkTuBHICTh - AG=0,1819.

Bupizky 3paskiB uisi AOCHIKEHHS XIMIYHOrOo i (a30BOro cocrtaBiB, MeEXaHIYHUX
BJIACTUBOCTEH 3 HAIJIABJIEHOTO METaly poOMIM a0pa3MBHUMH BiIPI3HUMH KOJAaMU 3 HACTYITHUM
1uTipyBaHHSAM 1 IOJIIPYBaHHSM.

Poznonin 3MinHIOIOY0i a3y B HAIUIaBIEHOMY MeTajli OLIHIOBAJM TOYKOBHUM METOAO0M
I'maronesa Ha mikpoTBepaoMipi [IMT-3.
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Pe3yabTaTn 10ciiiKkeHb

IcToTHOTO MiABUILEHHS MIITHOCTI i 3HUKEHHS! €HEPrOEMHOCTI BUPOOHHIITBA BiTHOBIIOBAHUX
JieTajiell HaIUIaBJIGHHSIM JIO3BOJISIE JIOCSTTUCS 3aCTOCYBAHHSIM JHMCIIEPCIHHOTBEPAIIOYMX CTajei.
I'apHOI0 KOMOIHAIIIEI0 BIACTUBOCTEH — TBEPAOCTI, MIIHOCTI ¥ MJIACTUYHOCTI — MAlOTh HiKeJeBi
MapTEHCUTHOCTAPIOYl CIUIaBH, SIKI 3MIITHIOIOTHCS TIPU CTApiHHI 3a paxyHOK yBeneHHs Al abo Mo.
VYBenenuss Mo 1 3HaYHMI 3MiCT aKTUBHUX KapOinoyTBoprotounx enementiB (Ti, Cr) qae MOXIMBICTh
3HU3UTHU 3MICT He3B's3aHoro Byrierto a0 0,05-0,3 %. Ile nqocuth BaXJIMBO MpPH BHUKOPHCTAHHI B
SAKOCTI HAIUIABOYHUX MaTepialiB MOPOLIKOBHX JPOTIB 3 HHU3BKOBYIJICIIEBOI CTpiUKH. Y
nocmpkyBaniit cuctemi aeryBanus (Cr-Mn-Ti-Si) BiacytHicTh Ni KOMIIEHCYBAIOCS 301IbIICHHIM
3micty Mn 10 10...12 % 1 BBenenusim Al 3 peporutany (KOMIIOHEHT HIMXTH MOPOIIKOBOTO JPOTY).
Brumig kinpkocti Ti mpu Haru1aBiieHH1 i1 KepaMidYHUM (UIFOCOM 1 31 3HECTPYMIICHOIO MPUCATKOIO [[3]
Ha XIMIYHUH CKJIaJl Ta 3HOCOCTIMKICTh HATUIABIICHOTO METaTy HaBe/IeHi B Ta0uI. 1, 2.

Tabmus 1 — Brums [Ti] 1 [B] Ha XiMiYHUH CKJTa]l HATUIABJICHOTO METAITY

XiMIYHUH CKJIaJ] HAIUIABJICHOTO METAITY ITiJ] KEpaMidHUM (IIIOCOM
XiMiuyHUN 3mict [Ti] y HannaBienomy metani, %
eJIEMEHT 0,22 1,62 2,04 2,25 2,41
Cr 8,20...9,00 7,21...8,10 6,42...7,80 6,00...7,60 5,56...7,50
Mn 1,03...1,50 1,20...1,60 1,10...1,56 1,20...1,55 1,30...1,50
Si 0,80...1,40 1,25...1,50 1,30...1,70 1,38...1,80 1,42..1,73
Al 0,02...0,04 0,05...0,09 0,09...0,13 0,14..0,17 0,19...0,23

Tabmuis 2 — XiMiuHUHN CKJIa HAIUIaBJIEHOTO0 METaly IIPH HaIUIaBJIEHHI TOPOIIKOBUMU

IpOoTaMHu
Kinpkictb 3MICT XIMIYHHUX €JIEMEHTIB Yy HAIlJIaBJIEHOMY MeTaJl
YBEJICHHS

3HECTPYMJICHOT Ti Cr Mn C Si

IpUCAIKH, %o
0 1,33 2,64 4,6 0,4 1,08
25 1,62 3,28 5,72 0,48 1,11
50 2,19 4,36 7,60 0,53 1,10
75 2,38 4,72 8,22 0,57 1,12

[TomapoBuii aHami3 XIMIYHOTO CKJaxy IIOKa3ye, IO 3aCTOCYBaHHS JOJaTKOBOTO
MPHUCAIKOBOTO JAPOTY Ja€ BIIHOCHO PIBHOMIPHUN PO3MOJUT JIETYIOUUX €JIEMEHTIB IO BHCOTI
HAIUIaBJICHOro MeTanmy. Jlocii/pKeHHs BIUIMBY BIJTHOCHOI MacH NPUCAJKH Ha MIKPOCTPYKTYpPY
HAIUIaBJIEHOTO METajy IOKa3ajio, 10 3 ii 30UIbIIEHHSM CTa0lIi3yeThesl CTPYKTYpHUH 1 (dazoBuit
CKJ1a] 0araTromapoBOro HarIaBICHHS.

BrnuB temneparypu BiANYCTKU I MIABHILEHUX TEMIIEpaTyp Ha TBEPAICTh HAIJIABJICHOIO
MeTaiy cruiaBiB cucreM Mn-Mo-Ti i1 Cr-Mn-Ti Ha ocHOBI 3aii3a nokaszane Ha puc. 1, 2.

Teepuicte pociimkyBaHoi ctam 20X3I'9MST2C micns HamaBieHHs ctaHoBuia 37...40
HRC. ITicns crapinns npu T=850 0C, 1=2 roxa tBepaicts cknana 49...55 HRC, mo MoxxHa MOsICHUTH
301IBIIEHHAM K1JIbKOCTI BTOPUHHUX KapOi/aiB. 30UIbLICHHS BUTPUMKHU IMIPH 11 TeMIEpaTypi, a TAKOX
TiIBUILEHHS TeMIepaTypH cTapinas 10 920 °C He mpuBeno 10 TOMITHOTO MifBUIIEHHS TBEPAOCTI, a
CIIPUSLIO 11 3HUKEHHIO.

97



HRC

45 7

]
]
|

40

T T T T T

0 720 770 820 870 920 T

Pucynoxk 1 - Brums temmieparypu BillTyCTKH Ha TBEPIICTh JOCTIKYBAaHUX CTaJICH (dac
BUTPUMKH T=2 T'0JI, OXOJIOJIKEHHS Ha MOBITPI)
- 29X4I8T2C,; A - 20X3T9M5T2C
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Pucynok 2 - BrtuB TemmniepaTypu Ha TBEpAICTb AOCIIKYBaHUX cTained micis BIAmyCTKH (Tpinm -850
OC, 1=2 roanHH, OXOIOMKSHHS Ha MOBITP1)
- 40X4I'8T2C; A - 20X3T9M5T2C

JlocnimkeHHss BIUIMBY TeMIEpaTypud Ha TBEPAICTh CIUIABIB IOKa3aJd, 110 B IHTEpBall
Temmnepatyp 293...870 °C TBepaicTh 3HIKYEThCS HE3HAUHO. 3HIKEHHS TBepaocTi Ha 8...10 HRC y
JAHOMY 1HTEpBaJII TEMIEPATyp CBIMYUTH MPO BUCOKY TEIIOCTIMKICTH cruiaBiB cuctem Cr-Mn-Ti i
Mn-Mo-Ti. OgHuM 3 TOKa3HUKIB TEINIOCTIMKOCTI CTAIEN € IUIACTUYHICTD. AHAI3 IIJIACTUYHOCTI [IUX
CTaJiel TMicJisi BTOPMHHOTO TBEPAIHHS TIOKa3aB, M0 BoHa Bumle, yuM y cramed SO0XHM i
35X4B3M3®, i He ycTynae HiKeIeBUM MapTEeHCUTHOCTAPIIOYMM CILIaBaM.

Bucnosxu
VY pe3ynbTaTi NpoBeACHUX Ja00paTOPHUX JTOCIIIKEHb BCTAHOBJICHO:
- 30uIBIIeHHs 3MicTy Mn 1 Cr y HamjaBieHOMY MeTall 3HI)KYIOTh aKTUBHICTh BYTJICILIO SIK

KapOiJOyTBOPIOIOYOTO €JeMeHTa; 301IbIIeHHs KUTbKOCTI (pa3u Tic mifBHILy€e BHYTPILIHIO TEIUIOTY
HaIJIaBJIEHOTO METATy MPU €K30T€HHOMY i1 BBEJICHHI,
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- MIBHINEHHIO TeruiocTikocTi criaBiB cuctemu Cr-Mn-Ti Ha ocHOBi 3amiza crpuse
30ibmenns 3micty ¢aszu [TiCl; yBeaenns [Mo] cTabini3zye 3Ha4eHHS TBEPAOCTI IIPH ITiABUIIICHUX
TeMIIepaTypax, MiIBHUIIY€ TEIUIOCTIMKICTD 1 TBEPAICTh IPU AUCHEPCIHHOMY TBEPIiHHI.

Jlirepatypa

1. barpos B.A. IlapameTpu 3HOCOCTIMKOCTI HATUIABOYHHUX CTAJICH JIJIsl BiTHOBIICHHS IITAMIIIB
/I Bicauk XHAJLY. 2020. - Bumn. 88. — C. 125-130 c.

2. barpos B.A., I'mymkoBa /I.b. @opmyBaHHS CTPYKTypH Ta (pa30BOro CKIAAY 3HOCOCTINKHUX
crajei, neropanux tutanoM // Bicauk XHAJTY, Bum. 97, 2022. - C. 30-33.

3. bBarpoB B.A., TInymxoBa JI.b. BmactuBocTi 3HOCOCTIMKHX  OE3HIKEIEBHX
BTOPUHHOTBEPAIFOYMX CTaJIeH ISl HAILJIAaBJICHHS IITAMITIB Trapsidoro o0poOieHHs MeTaiiB // BicHuk
XHALY, Bum. 97, 2022. - C. 34-37.

4. barpoB B.A. HamnaBieHHs IITaMmiB €KOHOMHOJETOBAaHUMH BTOPUHHOTBEPAIIOYHMMHU
cransimu / Bicauk XHAJLY, Bun. 103, 2023. C. 163-167.

99



VK 621.793
BAKYYMHA IMAMKA BUPOBIB Y BAKYYMHO-IYT'OBIil YCTAHOBIIIY

Iorpednsik K.B., cryaent rpynu MC-3611-21
XapkiBcbKHUil HAlIOHAJbHUH aBTOMOOIJILHO-10PO:KHIN YHiBepcUTET

Anomauia. Pozenanymo eapianmu mooepuizayii 6aKyymMHo-0y2080i ycmanosxku muny « bYJIAT-6»
0/14 HA2pi6aHHs ma nasauHsa oemaneil y 6akyymi. Ilokazano memoouku nasHusa Ha cpioHi npunoi npu
HaepisanHi 6upoobie ionamu memanis. Bukopucmanns CU 6 sskocmi mamepiany npunow Moxiciuee
Juute npu MoOepHi3ayii' yCmaHo8Ky ma 6UKOPUCManHi 080CMyniH4acmozo po3psaoy. Lle 0ozeonuno
npunarosamu Cr, Mo, Zr, W, Ti ma inwi myeonnasxi mamepianu 00ur 3 00HUM 6e3 SUKOPUCTNAHHSL
@mocis.

Knrouoei cnoea: eaxyymHo-0y208i ycmanosku, 0860CMyNiHYacmuil po3pso, Kamoou, my2onidexi
Mmamepianu.

VACUUM SOLDERING OF PRODUCTS IN A VACUUM ARC INSTALLATION

Pogrebnyak K., student of group MC-36t1-21
Kharkiv National Automobile and Highway University

Abstract. The variants of modernization of vacuum-arc installation type «Bulat-6» for heating and
soldering parts in a vacuum were considered. Techniques for silver brazing filler metals during
heating product with metal ions were listed. Using Cu as the solder material is possible only at
modernizing installation and using a two-stage discharge. This allowed to solder Cr, Mo, Zr, W, Ti
and other refractory materials with each other without using of flux.

Keywords: vacuum-arc installation, two-stage discharge, cathodes, refractory materials.

Beryn

BakyyMHO-yroBHi METO] IUPOKO 3aCTOCOBYETHCS JIIsl HAHECEHHS IIOKPHUTTIB, III0 BOJIOAIIOTH
BUCOKMMHU (Di3MKO-MEXaHIYHUMHU XapakTepucTukamu [1]. 3a3Buyail BakyyMHO-IIyTrOBi YCTaHOBKHU
Haly4acTille 3aCTOCOBYIOTHCS JUIsl HAHECEHHSI 3HOCOCTIMKMX IMOKPHUTTIB 3 HITPUAIB TYTOIIABKHX
METaJIiB AJ1s 30UIbIIEHHS TEPMiHY CIyKOU pi3aJIbHUX IHCTPYMEHTIB 1 Jetaneid MamuH [1]. [lupoko
3aCTOCOBYIOTHCSI BAKYYMHO-1yTOBl TEXHOJIOT1] HAHECEHHS 3aXUCHO-AEKOPATUBHUX MOKPHUTTIB.

[1na3ma, 1m0 reHepyeThCsl BaKyyMHO-AYTOBUM PO3PSAIOM, KPIM HAaHECEHHS MOKPUTTIB MOXKE
TaKO>K BUKOPUCTOBYBATHUCS JUIS MTAsSHHS HEBEIMKHUX METAJIEBUX YacTUH [2].

BakyyMmHe nmasHHS TUTAaHOBUX J€Taliel, 3aCTOCOBYEThCS B a€POKOCMIUHII, aBTOMOOUIbHIN Ta
HIIINA TEXHIKH € JIOPOTUM 1 €HEeproBUTPAaTHUM mporiecoM [3]. ¥V Toil yac gk maiika TUTaHy IIHPOKO
BUKOPHUCTOBYETHCS B TPOMHCIIOBOCTI, Maifka XpOMY 3aCTOCOBYETBCS DIIKO dYepe3 HOro BUCOKY
aKTUBHICTb 1 yTBOPEHHS CTaOUTbHUX MOBEPXHEBUX OKCH/IIB, YTBOPEHHS SIKUX OYMHAETHCS BXKE MPU
temmneparypi 538 © C nasits npu Trcky 10 Topp (0,013 Ila) [4]. ToMy masHHS XpOMOBHX jeTanei
BHUMarae Oijbllle BUCOKOTO BaKyyMy 1 MaJioi TPUBAJIOCTI MPOLECy MpH HANOILIBII MOMXKINBIA HU3BKIN
TeMIeparypi.

Haii0iap11 mMpoKo 3aCTOCOBYBAaHUMHU MOKPUTTSIMH Y BaKyyMHO-AYTOBOMY METO/1i 3MilIHEHHS
MOBEPXHI € HITPUIM TYTOIUIABKUX MarepiaiiB. BUTOTOBIEHHS KaToaiB 3 0araTOKOMIOHEHTHHUX
MOPOIIKOBHX 200 JUTHX CILJIABIB, @ TAKOX TYTOIUIABKUX (XpOMY, MOTiOIeHy, BOJIb(ppaMy, LIUPKOHIIO,

17 Po6oTa BuKkoHaHa mij kepiBHUITBOM npodecopa Crondosoro B.O.

100



TUTaHy) MaTepianiB 1HOJAI BHKIHMKAE CKIAJHICTh a00 B MNPHHLUUII HEMOXJIHBO. Tomy mpu
BUTOTOBJICHHI KaTOAIB 3 TAKMX MaTepiajliB MOXKJIMBO 3aCTOCYBAaTH BaKyyMHY IMaiiKy.

VY MammHOOyAyBaHHI ICHYIOTH YCTaHOBKHM, IO JO3BOJIAIOTH BUPOOJISATH BaKyyMHY MHaiKy
neraneit [3, 4]. Lle oOiamHaHHs € Ay’Ke TOPOTUM 1 I OUTBIIOCTI JUISTHOK 3 HAHECEHHS BaKyyMHO-
JDYTOBUX MIOKPHUTTIB, SIK1 pO3TALIOBYIOTHCS HA IHCTPYMEHTAIBHUX Ta MAIIMHOOY 1IBHUX 3aBOJIaX, HOTO
BUKOPHCTaHHS HEpeHTaOeIIbHE.

Tomy MopepHizalisi BakyyMHO-AYrOBOIO OOJaJHAHHS s NAasHHA MaTepiaiiB, IO
BUIIAPOBYIOTHCS (KAaTOMIB) € aKTyaJIbHUM 3aBIaHHSIM.

ExcnepumMeHTaIbHA YACTHHA

Bigomo, mio BumapoByBaHi Marepiand (KaToIM) BHUMAararmoTh I1HTEHCHBHOTO BOJHOTO
OXOJIOJDKEHHS, TOMY JUIA iX BaKyyMHOTO YIIUTBHEHHS 3aCTOCOBYIOTHCS Pi3b0OBiI ab0 OaifoHETHI
eneMeHTd. Haiibinpin gemeBuM 1 yHIBEpCcaJbHUM MaTepiajoM [UJIsi HAHECEHHS 3HOCOCTIMKUX
MOKPUTTIB € THTaH, KU JO0MyCKae Hapi3aHHS pi3bOH Ui By3i1a BaKyyMHOTO YIIUIBHEHHS, OJTHAK
IIpU 1IbOMY 0€3110BOPOTHI BTPATH KaTOAA CKJIAZat0Th OJU3bKO 15 MM IpH 3arajibHii J0BXKHUHI KaToAa
nopsiaky 30-40 mm. [HII BUnIapoBYyBaHi MaTepiaiy, Taki, HAPUKIA[, SIK XpOM, MOJIi0/IeH, BOIb(Gpam
3HAYHO OUIBII TOPOTi 00 Uepe3 BUCOKY KPUXKICTh 00 TBEPiCTh B3araji He J0MYyCKaloTh Hapi3aHHs
pi3p0n a00 BUTOTOBIICHHS OaiioHeTHOTO 3'¢fHaHHs. KpiM Toro, BUIapoByBaHHii MaTepiain MOXxe OyTH
MOPUCTUM (HampuKian, Tpadit) ado MaTH HACKPI3HI TPINUHHU, KPi3h SKI MOXKE IMTPOTIKATH
OXOJIO/pKytoua piamHa. Ha puc. 1, sk mpukiaa, mokazaHWil KaToj 3 TPIIMHAMH 3 IPHIIASHOO
P13b00BOIO YaCTHHOIO.

VY 3B'A3Ky 3 MM HEOOXiJHO, MO0 KaTOAHA CUCTEMa CKJIafaacs 3 JBOX YacTUH: Pi3bOOBOI 1
BUIIAPOBYBAHOI, SIKI MOXKHA 3'€JHATH 3a JONOMOIoK0 mpunorw. IIpy BUTrOTOBIEHHI KaToja Ha
OUTBIIOMY TOPIII HOTO BUTIAPOBYBAHOI YaCTUHHU POOUTHCS BUTOYECHHS THOWHOO 1,5 ... 2 MM (pHc.
2). Pi3p00By yacTMHYy KaToJla BUTOTOBJSIOTH 3 Miji, SIKIIO MPU MalIli BUKOPUCTOBYETHCA MiJIHO-
cpiOHui npumnii, Hanpukiaa, Mapku [1Cp45. OnHak Ha mpakTHUIl HaivyacTillle BUKOPUCTOBYIOTh
paHile BiANpanbOBaHUI KaTOJ 3 THTaHy, 3 SKOI'O BUTOYYIOTh Pi3bOOBY YAaCTHUHY IO JiaMeTpy
BUTOYKM B OCHOBHIM wacTuHi katojga (puc.2). B ocTaHHbOMy BHUIAAKy B SKOCTI MPHUIIOK
BUKOPUCTOBY€EThCS MifgHa ¢oibra 0,2 ... 0,4 MM [5].

Pucynok 1 - @ororpadist nasHOro XpoMoBOro KaToja 3 TpillluHAMHU
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[Tonepenubo MOBEpXHS KaTroAa i (oibra peresibHO TMONIPYIOTHCS, MOTIM MPOMUBAIOTHCS B
JYKHOMY CEepe/IOBHILI yIbTPa3ByKOBOI BaHHI 3 HACTYITHUM IIPOMUBAHHAM y YUCTiH Boai. OcTaTouHe
MIPOMUBAHHS 3]1IHCHIOETHCS Hedpacom mapku C20/80.

a 0
Pucynoxk 2 - Katon 3 monibneny (a), karof 3 rpadity (0)

MinHa ¢osbra po3TalIOBYeThCA B IMOIJIMOJIEHHI Ha OCHOBHIM YacTUHI Karola, 3BEpXY
BCTaHOBJIIOIOTh Pi3bOOBY YacTuHy. )i TONIMIICHHS SKOCTI MAaWKW Ha JIETali BCTAHOBIFOETHCS
HaBaHTA)XEHHS 3a3BUYail 31 cTaii, 1o 3abe3neuye NPUTUCHEHHS JeTaleil.

Jnst 3a0e3neueHHs 0TI BHCOKOI SIKOCTI MAlKM MiTHO-CPiIOHUM MPHUIOEM JUIS iX Kpamioi
3MOYYBaHOCTI NPHUIIOEM MOBEPXHI OCHOBHOI 1 Pi3b0OBOT YaCTHH KaTo/a IONEPEeIHbO MOKPUBAIOTH
IIIAPOM MiJli TOBIIHHOIO 2 ... 3 MKM BaKyyMHO-JIYTOBHM METOJIOM B IIiif K€ YCTAHOBIII.

VY npoMHCIOBOCTI BaKyyMHa Iaiika TUTAaHOBUX JETajed 3aCTOCOBYETHCS B A€POKOCMIUHIM,
aBTOMOOUTBHIN Ta IHIIOT TEXHIKH € JOPOTUM 1 €HEpPrOBUTPATHUM IIPOIECOM. Y TOH Hac, K maiika
TUTaHYy IIUPOKO BUKOPUCTOBYETHCS Y BUPOOHUIITBI, MMaliKa XpOMY 3aCTOCOBYETBCS P1IKO uepe3 Horo
BHCOKY aKTHBHICTB 1 TPUCYTHICTh CTAOUTFHIX TIOBEPXHEBUX OKCHJIIB, YTBOPEHHS SKHX MOYNHAETHCS
Bxke npu temnepatypi 538°C nasits npu tucky 0,013 ITa. Tomy maiika XpoMOBHUX JieTalieil BUMarae
OUTBII BHCOKOTO BakyyMy 1 Mayloi TpPWUBAJIOCTI TPOIECYy NPH HAWOLIBII MOXIHMBIH HHU3BKIH
TeMmmeparypi.

ToMy maiiky elxeMeHTIB KaToja 3AIMCHIOBAIN Y BaKyyMHO-IyroBii ycTaHoBIi «BYJIAT-6».
[Tonepenns Biakauka kamepu 3airicHioBanacs go P = 0,005 Ila.

[cHYIOTB TpH CXeMU BKIIFOUCHHS YCTAaHOBKH TIPH MAMIIi €JIEMEHTIB KaTo/1a B BAKYYMHO-TyTOBIH
ycranoBui Tuy «bYJIAT-6»: naiika npu npsMoMy Mjaa3MOBOMY MOTOLL, TaliKa B IByXCTYIIEHEBOMY
pO3psiai IpW HETaTUBHOMY TOTEHINIaNi, Maiika B JBYXCTYIEHEBOMY pO3PSl MPH MO3UTHBHOMY
MOTEHIaI.

ITajika esqieMeHTIB KaTOJa NPH NPSIMOMY IIa3MOBOMY IOTOLI

[Taiika emeMeHTIB KaTo/la TIPH MPSMOMY IIJIA3MOBOMY ITOTOIII, IO JIa€ MOXJIUBICTH 0€3 Oy/Ib-
SKUX 3MiH Y BAKYyMHO-IyTOBI/ YCTaHOBII IPOBOJIUTH TMAKKY.

3aBasgKM TIpollecaM B3a€MOJIIi 10HIB 13 TIOBEPXHEIO JeTalli BiAOyBaeThcsl il HarpiBaHHS
BHACJIIOK BHUCOKOTO CTYIMEHS 10HI3allli TMJIa3MH Ta BHCOKOTO HETaTUBHOTO MOTEHINANy Ha Hiid.
Enepris ioHiB € 0OCHOBHUM (DaKkTOpOM, 110 BIUIUBAE HA MIBUJIKICTh (IHTEHCUBHICTH) HarpiBaHHA.

Ha puc. 3 mpexncraBieHa cxema BakyyMHO-AyroBoi ycraHoBKH «BYJIAT-6», ska
BUKOPHUCTOBYBaach JUIsl MaliKK JleTaliell Ha MpsSMOMY I1a3MOBOMY moToIli. BoHa Bkitouae B cebe
BaKyyMHY Kamepy 1; Tpu JpKepena >KUBJICHHS BHUINAPHHUKIB 2; TPU BHUINApPHUKA 3; JDKEpEso
BHCOKOBOJIbTHOI HANPYTH 4; MPUITAIOBaH1 JAeTall 5; miAKIaIKoTpuMay (TIOBOPOTHHMA MPUCTPIiA) 6.
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[Tpu BKITIOYEHHI OJJHOTO BUITAPHUKA BUHUKAIOTh MIOTOKK METAJIEBOI IJIa3MH, CIIPIMOBaHi B OiK
JIeTati, po3TalllOBaHOI B IIEHTPl BAaKyyMHOI KamMepu Ha 00epToBOMY miAkIaakoTpmadi. [Ipu mogaqi
Ha feraii HeratuBHoro notenuiany -1100...-1300 B BinOyBaerbcst iHTeHCHBHE iX HarpiBaHHs. [lpu
IbOMY IIBHJIKICTh HArpiBy 1 MakCUMaJbHa TEMIIEpaTypa 3aJICKUTh BiJl KITLKOCTI JDKEpEN AyTH 1 iX
BIJICTaHi JI0 JeTalei, Mo cnarThes. [Ipy BKIIOUYEHHI TphoX Kepen ayru npu 100 A B KokHOMY
IHTEHCHUBHICTB pO3IrpiBy nerajneit 30inbinyerses. Yac no posmiaBy [ICP-45 nocsrae 20-30 XxBrimH B
3aJIeKHOCTI BiJl MacH AeTajeH, 0 CIIalOIThCS.
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1 - BakyyMHa kamepa; 2 - JpKepesia JKUBJIEHHS BUMAPHUKIB; 3 - BAKYYMHO-yTOB1 BUITAPHUKH;
4 - mxepesio BUCOKOBOJIBTHOI HANpyTH; 5 - A€Tajl 1110 NPUIIAII0THCS; 6 - MIIKIaAKOTpUMay
(TTOBOpPOTHUI MPUCTPIif)
Pucynok 3 - Cxema BakyyMHO-yTOBO1 YCTaHOBKH JIJIS IAWKHU J€TaNel Ha MPSIMOMY TJIa3MOBOMY
MOTOL1

ITaiika B 1yropomy po3psji Npu HeraTHUBHOMY NMOTEHIiaJIi

[Ipomniec maiiku B AYroBoMy poO3psiii TpPH HETAaTUBHOMY TMOTEHIIaNl 31ACHIOBABCS y
JIBOCTYIIEHEBOMY BaKyyMHO-1yroBoMy po3psi (JIB/IP), o siBiisie co6oro po3psn, B SKOMY AyroBa
1a3Ma MoAUISETHCS Ha IBa CTYIIEHI, MepIlia 3 SIKUX MPECTaBIIsie COO0I0 BAKYYMHY AYTY 3 XOJIOJHUM
KaToJIOM, a Jipyra CTYIIHb 1€ MO3UTUBHUI JAYrOBUH po3psay B IUIa3Mi razy HHM3bKOro THUCKY [1].
Bupi6, 110 HarpiBaeTbcs, 3HaXOJUTHCS B 00J1aCTi Ta30BOi IIa3MHU.

Ha puc. 4 HaBeneHo cxemy MojepHizamii yctaHoBku aisi ¢opmyBanHs [IBJIP. Ha Buxomui
BHUIApHHUKA 3 BCTAHOBJICHWH €KpaH y BUIJISI CUCTEMH JTUCKIB (200 »amro3i) 8, sSKHil MpoIrycKae
YaCTUHKU Ta3zy (a30Ty abo aproHy) i €JIeKTPOHH, 1 3aTpUMy€ BUIIAPOBYBaHI aTOMH KarToja.
BumnapoBani 3 moBepxHi kaTojja 3 4aCTKU METaly HE MOXYTh IPOHUKHYTHU B 00'€M BaKyyMHOI KaMepu
1, 1 ocinaroTh Ha moBepxHi 00’ emy 8. [Tpu 11bOMY KOpITyC IPOTUIIEKHO PO3TAILIOBAHOTO BUTIAPHUKA 7
€JIEKTPUYHO 130JIbOBaHUH BiJl KOPITYCY KaMepH, 1 0 HbOTO MIJKIOYEHUIH TO3UTUBHUI MOJIIOC OJIOKY
XKUBJIEHHsS nyrH 2. Ha netani 5 BiJl BUCOKOBOJIBTHOTO JDKEpea MOAAETHCS HeraTUBHUM MOTEHIial
6mu3pko 1300 B.
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[Tpu nocsaruenni tucky 0,003 Ila y BakyymHy kamepy 1 HamyckaroTh a30T (200 aproH) 10 TUCKY
oym3eko 0,5 [la, BKIIOUAIOTH AYTOBi JpKepesa 2, 1 BACOKOBOJIBTHE JpKepeno 4. [l piBHOMIpHOTO
MIPOTpPiBaHHS JIeTaJIel 5 BKIIFOYAETHCS TIOBOPOTHUH MPUCTPIid 6.

VY BakyyMmHIi Kamepi | BHUHUKAa€ Tra3oBHH TyrOBHM poO3psija, 10HU Tasy OOMOapAyrOTh i
HarpiBaroTh NMPHIAIOBaHI AeTani. Yac HarpiBy 10 pO3IUIaBY IMPHIIOI TaKOX 3aJICKUTh BiJl Macu
neraneit. Yac posmiaBy npumnoro [TICP-45 3a3uyaii cranoButh 20-25 xB. (puc. 5).

-
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1 - BakyyMHa kamepa (00JacTh 3 Ta30BOIO IUIa3MOI0); 2 - JKepelia )KUBIIEHHS BUITApHUKIB; 3 -
BaKyyMHO-JyTOBUH BUIMAPHUK; 4 - IPKEPETIO0 BUCOKOBOJIBTHOI HANPYTH; 5 - 3MaroBaHi jaetani; 6 -
HKIaJAKOTpUMay (IIOBOPOTHUM MPUCTPIi); 7 - BAKYYMHO-1yTOBUI BUNIAPHUK; 8 - eKpaH (3Kajto31)
Pucyhnok 4 - Cxema BakyyMHO-ZyTOBOT'O YCTaHOBKH JUJIsl ITAlKy JieTalieil 3a T0IOoMOr oo

JIBOCTYTICHEBOTO PO3PSITY

Pucynok 5 - ®@ororpadist neraneil B MOMEHT pO3IJIaBy MPHUIIOO B IUIa3Mi JBOCTYIIEHEBOTO PO3PSIY.
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Iajika B ra30BOMY BaKyYyMHO-/1yTOBOI'0 Po3ps/i NpH MO3MTUBHOMY MOTeHIiaTi.

Ha puc. 6 mokazana cxema d¢opmyBanas JIBJAP, mnpum skid migkiIagkoTpuMad
BUKOPHUCTOBYETBHCS B SIKOCTI aHO/a. SIK 1 B monepeHiii cxemi Ha BUXO/Ii BUIIAPHHUKA 2 BCTAHOBJICHUN
€KpaH y BUTJISA/II CHCTEMH JUCKIB (200 5Kallro31), 10 MPOITYCKaITh YaCTUHKY ra3y (a30Ty abo aproHy)
1 eIEKTPOHH Ta 3aTPUMYIOTh BUIIAPOBYBaHI aTOMHU KaTOa.

brox xuBneHHs 1yru 4 TiAKIIOYEHUN MO3UTUBHUM IOJIFOCOM JI0 TIOBOPOTHOT'O MIPUCTPOIO 6 3
JeTalsiMU S 1 TpH BKJIIOYCHHI BUNIApHUKA 3 1 mojadi rasy (a3oTy, aprony) ao tucky 0,5 I1a B kamepi
1 BUHMKA€E ra30BUM AyrOBUN PO3PsI, AHOAOM SIKOTO € JIeTallb, 110 HArpiBa€ThCsI.

[Ipu BUKOpHCTAaHHI MIAKIAJKOTPUMaya B SIKOCTI aHoma CTpyM Moxe pgocsratd 100 A
(3a7eXUTH BiJl pO3Mipy), onTUMaIbHUN 0113bko 50 A. Takum 4MHOM BiOyBa€eThCs MyXKe MIBUIAKUAN
po3irpiB aeraneit (puc.6). [loBHui po3ias mMigHOT Goabru BitOyBaeThbes 3a 9ac 6 ... 15 xB. Po3muias
npunoro Ha ocHOBI I[ICP-45 BinOyBaeThes 3a wac 3 ... 5 xB (puc. 7). Yac HarpiBa"Hs 0 pO3ILIaBy

MIPUTIOIO 3aJICKUTH BiJ MacH 1 00'eMy jeTaei.
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1 - BakyyMHa kamepa (001acTh 3 Ta30BOIO MJIa3MOI0); 2 - [DKEPEIOo KUBJICHHS BUITApHUKA; 3 -
BaKyyMHO-IYTOBUI BUIIPAHHK; 4 - IPKEPETIO )KUBIICHHS yTOBOTO PO3PSAY; S - MPHUITalOBaHa JIeTallb;
6 - migKIagKoTpUMay (MMOBOPOTHUM MPUCTPiit); 7 - ekpaH (3Kairo3i).

Pucynok 6 - Cxema BakyyMHO-IyTOBO1 YCTAaHOBKH JJISl TIAWKH JIeTael 3a JJOTIOMOT OO
JIBOCTYIIEHEBOT'O PO3PsILy MPH MO3UTUBHOMY MOTEHIIAMI.

o

Pucynoxk 7 - HarpiBanss 1 naiika netajieil B AByXCTYIIEHEBOMY PO3ps/i U NO3UTUBHOMY
MOTEHIai.
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Ha puc. 8 mokazani karoam uisi poOOTH y BaKyyMHO-AyroBiii ycraHoBmi «BYJIAT-6».
3’sIBIJIaCh MOKJIMBICTh BUKOPHCTOBYBATH KaTOJM Ha OCHOBI BUCOKOeHTpomiitHuX cruiaBiB (BEC) ta
pi3H1 6araTOKOMITOHEHTHI CUCTEMH.

Pucynox 8 - ®ororpadist MonibneHoBoTO (2) 1 rpadiToBoro (0) KaToaa, CHasHOTO 3 TATAHOBOIO
Pi3b00BOO YaCTUHOIO MiJIHUM IPUIIOEM

Jlo 11boro MoMeHTy MexaHiuHa 06poOka martepianiB BEC Oyina nyxe npobiaemMHoro 1 He
3aBKaM Moxke OyTu 37iiicHenHO0. Marepianu BEC MOXyTh MaTH BUCOKY TBEPIICTb 1 KPHXKICTb.

BucHoBku

1. 3ampornoHOBaHO TPU CXEMH MOJEpHI3allii BAKYyMHO-IyroBoi ycraHoBKU THIy «BYJIAT-
6» JUIs HarpiBaHHs Ta MassHHS BUPOOIB y BaKyyMi, 110 103BOJISIE€ BUPIIIUTH MpoOsieMy 3a0e3neueHHs
BaKyyMHOTO YIIUJIbHEHHS KaTO/IB P13b00BOIO CIIOIYKOIO.

2. PO3riIsiHyTO METOJIMKY MasiHHs y BaKyyMi Ha BUCOKOTeMIiepatypHuil npumiid tumy I[1CP-
45, 3 BUKOPHUCTAaHHSIM MeETalleBOl IUIa3MU AYroBHX Jpkepen. Yac HarpiBaHHs 10 TeMIepaTypu
IU1aBJIeHHS cTaHOBUTH 20-30 XB.

3. MonepHizarlisi BakyyMHO-yTOBOi YCTaHOBKH JJISl TBOCTYMIHYACTOTO PO3PSIAY J103BOJISIE
30UIBIIMTH MIBUJKICTh HArpiBy netaineil 1o temneparypu 720 ° C 3a 8 XBUIMH.

4. Po3pobieHO METOAMKY TMasHHA Yy BaKyyMHO-AYIOBIM YCTaHOBII IO J/03BOJISIE
BUKOPHUCTOBYBATH SIK MPUIION MiZHY (DOJIBTY, 10 103BOJISIE MOIMIIUTH 1 31€IIEBUTH MTPOLIEC MasTHHS.

5. BukopucTtaHHs ABOCTYNIHYACTOTO BaKyyMHO-1yTOBOT'O PO3PALY JJIsl HarpiBaHHS JleTayien
y BaKyyMi € OJIHUM 3 €HepreTHuHO OOIPYHTOBAaHMX METOJIB, 1 HE BHOCUTH JOMIIIKH B €T, 110
HarpiBalOThCs, TOOTO 1€l METOA € KOHKYPEHTOCIPOMOXHHM TMOPIBHSAHO 3 IPOMHUCIOBUMU
YCTaHOBKAaMH JJIsl BaKyyMHOI TalKH.
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EFFECT OF LASER TREATMENT ON THE STRUCTURE AND PROPERTIES OF
PISTON RINGS 18

Selezniov S., student of group MC-11-23
Kharkiv National Automobile and Highway University

Abstract. The study is devoted to the urgent problem of increasing the durability of armored vehicle
engines by applying advanced laser processing technology. The object of study is piston rings that
are subjected to laser processing in order to form special structures on the surface that provide
increased wear resistance. The obtained results made it possible to establish the regularities of
formation of the structure and properties of the surface layers of piston rings depending on the
parameters of laser processing. The optimal modes of laser processing were determined, which
ensure the maximum increase in wear resistance and durability of piston rings.The results of the
study can be used to develop new technologies to improve the reliability and durability of armored
vehicle engines.

Key words: laser processing, piston rings, wear resistance, durability.

BILIUB JIA3EPHOI OBPOBKHU HA CTPYKTYPY TA BJIACTUBOCTI NOPIIHEBUX
KIJIELb

Cene3nboB C.B., cryaent rpynu MC-11-23
XapkiBCbKUI HALIOHAJIbHUI aBTOMOOIIbHO-I0POKHIN YHiBepcUTeT

Anomauia. /[ocniodxcenns npuceaueHo akmyanvtiu npoobremi nioguueHns 006208iUHOCMI O8USYHIB
OPOHLOBAHOT MEXHIKU WLIAXOM 3ACMOCYBAHHS NEPCNEeKMUBHOI MeEeXHON02ll a3epHoi 0OpoOKu.
06’ ckmom 0ocniodxncents € nopuinesi Kinvys, AKi niooaromvcs 1a3epHoMy 00poONIeHHI0 3 Memoio
GopmyeanHs Ha NOBEPXHI cneyianrbHuX CMPYKmMyp, wo 3abe3neyyioms niosuujery 3HoCOCmitKicms.
Ompumani pesynromamu 003801UNU ECMAHOBUMU 3AKOHOMIPDHOCMI (POPMYBAHHA CMPYKMYPU ma
eracmugocmell NOBEPXHes8UX UAPIE NOPUIHEBUX Kileyb 8 3ANedCHOCMI 8I0 napamempis 1a3epHoi
00pobku. bByno 6usHaueHo ONMUMANLHI pedcuMu 1a3epHoi 00poOKU, wWo 3abe3neuyroms
MakcumanbHe NiOGUWEHHS 3HOCOCMIUKOCMI ma 0068208iYHOCMI NOpuwiHesux Kineyv. Pesynemamu
00CNIOJCEHH MONCYMb  Oymu  BUKOPUCMAHT Ol PpO3POOKU HOBUX MEXHONO2I NIO8ULYEHHS
HaOditiHOCmMi ma 0082081YHOCMI O8USYHI8 OPOHLOBAHOT MEXHIKU.

Kniouoei cnosa: nasepna 06pobka, nopuwinesi Kinbys, 3HOCOCMIUKICMb, 008208I4HICMb.

Introduction

The object of research is laser treatment of piston ring surfaces by melting and hardening, which
forms special structures and properties to increase the durability of armored vehicle engines.

The aim of the work is to solve the scientific and technical problem of increasing the durability
of piston rings of central compressor stations by forming special structural properties of the surface
layer using laser treatment by melting and hardening.

The research methods include optical microscopy, electron microscopy, X-ray diffraction
analysis, microhardness measurements, laboratory and in-service tests for piston ring wear resistance.

18 Po6oTa BUKOHAHA Iij KepiBHULITBOM acuctenTa baiinamu B. 1.
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Research results and discussion

In order to study the effect of laser treatment on the hardening of the treated surface of the liner,
experiments were conducted in which the cast iron used was hardened in different modes to study the
properties of the hardened layer. At an irradiation speed of 5.4 mm/s, the surface of the cast iron
melted over the entire area of contact with the beam, and at irradiation speeds of 6.5 and 7.6 mm/s, it
partially melted. At an irradiation rate of 11 mm/s, only the surface layer was hardened. The depth of
the layer decreased with increasing irradiation rate according to a parabolic law (Fig. 1).
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Figure 1 — Effect of laser irradiation speed on depth

At an irradiation speed of 11 mm/s, it is 0.5 mm, and at 5.4 mm/s — 1.3 mm.

The microstructure of the melt zone is heterogeneous over the irradiated area and usually
consists of three structural elements: as the irradiation power decreases, the proportion of white cast
iron microstructure with a pre-eutectic structure increases and the proportion of areas with a high-
carbon steel structure with different carbon content decreases. The X-ray diffraction of the melt shows
different amounts of austenite, martensite and cementite. The amount of austenite and cementite
increases with decreasing irradiation rate. Laser treatment does not significantly change the purity or
surface topography of the piston rings (Fig. 2).

The analysis of experimental data shows that laser treatment, which includes both surface
melting and hardening, provides high wear resistance of the ring, which significantly exceeds the
wear resistance of ordinary chrome-plated rings. Thus, the structure of cast iron obtained after laser
irradiation is highly resistant to tempering, provides high hardness in the operating temperature range
up to 350°C and retains structural heterogeneity. At the same time, the surface coating does not affect
the properties of the irradiated layer near the surface during wear [2, 3].

Figure 2 — Profile of the piston ring after irradiation
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When laser machining piston rings, preference is given to irradiation with surface hardening,
since it practically does not change the cleanliness of the irradiated surface. Based on this, among the
studied irradiation modes, we recommended processing in the speed range of 7.6-11 mm/s at a power
of 0.6 kW [1, 3].

Conclusions

1. The structure and properties of piston rings for armored vehicles after laser treatment were
studied using optical microscopy, electron microscopy, X-ray diffraction analysis, microhardness
measurements, laboratory and operational wear tests to investigate the strengthening potential of this
processing method.

2. It has been established that the process of electroplating chromium is inefficient, the
chromium vyield is low, and the production waste is environmentally harmful. Laser processing
methods are characterized by high productivity and efficiency. The results obtained indicate the
prospects of using laser treatment to protect piston rings from wear and corrosion.

3. The analysis of experimental data shows that laser treatment with surface melting and
hardening provides high wear resistance of the rings, which significantly exceeds the wear resistance
of solid chrome rings.

4. An important result obtained was a significant reduction in the wear of the body-liner pair.
It was found that the higher wear of the ring due to surface melting compared to quenching is due to
the formation of austenitic areas on the friction surfaces, while the increased wear of the liner is due
to the formation of harder areas of white hardened cast iron. An important role is played by a decrease
in the proportion of graphite that appears on the surface, i.e., the lubricating effect.

5. The influence of the laser treatment mode on the depth, structure, phase composition, and
properties of the irradiated layer of piston rings was investigated. The range of irradiation speeds at
which fully, partially heated, and surface hardened layers are formed is determined. The irradiation
modes under which layers with different proportions of austenitic, martensitic, and carbide
components with properties that provide high wear resistance are formed are determined.

6. It was found that laser-treated cast iron is characterized by a high resistance to tempering
when heated to 400°C due to the influence of silicon and other alloying elements.

7. The best wear resistance, which exceeds the wear resistance of solid chrome rings, was shown
by rings irradiated in the following mode: W = 0.6 KW, Virradiation = 10-11 mml/s.

8. The results of the work have been implemented at the State Enterprise «Malyshev Planty.
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IOHHA IMILTAHTAIIA K METO/, NIJBAUIIEHHA 3HOCOCTIMKOCTI JETAJIEA
MAIIIMHMA *°

Muaunenko M.M., marictp rpynu MC-55-23
XapkiBcbKUH HALLIOHATLHUH aBTOMOOLILHO-1I0POsKHIH yHiBepcuTeT

Anomauisn. Jlocniodceni cmpykmypa, mMikpomeepoicms, 3HOCOCMIUKICIb UPODI8 3 Cipo2o 4agyHy
nicisn ioHHOI iMnaanmayii noeepxHi azomom, 60pom i gyeneyem. Bubpanuti onmumanbHUull elemenm,
Wo IMIJIAHMYEMbCAL.

Knrouosi cnosa: cmpykxmypa, mikpomeepoicms, 3HOCOCMIUKICIb, IOHHA IMAIAHMAYIS.

ION IMPLANTATION AS A METHOD OF INCREASING THE WEAR
RESISTANCE OF MACHINE PARTS

Pylypenko M., master of group MC-55-23
Kharkiv National Automobile and Highway University

Abstract. It is researched the structure, microhardness, wear resistance of grey iron’s details after
ion-implantation of surface by nitrogen, boron, carbon. It is chosed the optimum element.
Key words: structure, microhardness, wear resistance, ion-implantation.

Beryn

Benuka KiTbKiCTh AeTajiell MallliH NpalooTh B YMOBaX IMiJJBUILIEHOTO 3HOLITYBaHHS, 1110 BUMArae
3aCTOCYBaHHSI JIOPOTUX JIETOBAHUX CTaJICH.

OnHi€r0 3 YMOB BIIPOBADKEHHS pecypco30epirarounx TEXHOJOTIH € 3aMiHa JIETOBaHUX cTajiel
OUTBIII JCIIEBUM MaTepiajioM, a MiIBUIIICHHS JOBIOBIYHOCTI JETaJe MAIIUH JOCITAETHCS PO3POOKOIO
HOBHUX METO/1iB 3MIITHEHHSI TIOBEPXHEBOTO 1Iapy.

VY 1poMy TUIaH1 € MePCHIEKTUBHUM METOJI 10HHOT IMIUTAHTAIlll, SIKUI JTO3BOJISIE BUTOTOBJISITH TaKi
JieTali, SIK TajJbMiBHI JUCKHU, MAaXOBUKU JBUTYHA, OJOKHU IUIIHIpPIB Ta 1HIIN 3 OPIAMHAPHUX JEHIEBUX
MarepiaiiB 3 BACOKUMH CITy>KOOBUMHU BIIACTUBOCTSIMH.

IepeBaru 11pOro — MajIa TPUBAIICTB MTPOLIECY 3aCTOCYBAHHS €JIEMEHTIB, BIITHOCHA OJTHOPIAHICTB iX
PO3M0LTY, HU3bKa TEMIIEpaTypa MpoLecy, MOXKIIUBICTh 00poOKH AeTaseit Oyab-s1Koi KoHpirypartii.

OnHuM 3 BaXXIMBHX (PAaKTOPIB, 1110 BU3HAYAIOTh 3HOCOCTINKICTh TOKPUTTSL, € BUOIp €IeMEHTa, IKUI
IMILTaHTY€ETHCS, 1110 1 MOCITYKHIIO METOIO L€l poOOTH.

Marepiaj Ta METOAUKA 0C/IIIZKEHHSA

Marepiasiom, SKMH TiAgaBaBcs 10HHIM iMIUIaHTalii, € Ccipui YaByH, IO LIUPOKO
BUKOPHUCTOBYETHCS B PI3HUX Taly3sX MalIMHOOY/TyBaHHS.

He3Baxaroum Ha KpUXKICTb, BIH MAae€ psj IepeBar Mepeja CTaJUTio: BUCOKI JIMBapHi Ta
aHTU(PUKIIIHI BIaCTUBOCTI, HEUYTIMBUI 10 Ae(eKTIB MOBEpXHi, IIBUIAKO TacUTh BiOpalii Ta
PE30HAHCHI KOJIMBAHHS.

3MIIHEeHHsI TIOBEPXH1 BUPOOIB, BUTOTOBJIEHUX 13 CIpOTO YaBYHY, JO3BOJISIE PO3MIMPUTH ChHepy
HOro MpoOMMCIOBOTO BUKOPUCTaHHS. XIMIYHHUM CKJIaJ CipOro 4yaByHY, Ha SIKHI HAaHOCHJIOCS 10HHO-

19 Po6oTa BuKoHaHa mij kepiBHMITBOM npodecopa I'mymxosoi J1.5.
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IJIa3MOBE NMOKPUTTS, MIPEACTABICHUH y Ta0I. 1.

Tabmuusa 1- XimiuHuil ckiaja ciporo yaByHy

Kinpkicts eeMenTiB, %
C Si Mn Ni S P Fe
3,49 2,49 0,56 0,08 0,06 0,11 1HIIIE

Meta po6oTu

lonHa imIuTaHTaIiss poOOYMX MOBEPXOHB JETallell MAIlWH 13 CIPOTO YaBYHY IPOBOIMIIACS
okpemo ionamu N, B, C. BunpoOyBaHHsI Ha 3HOCOCTIMKICTh OysiM BUKOHaH1 Ha Mamuai CMII-2.

PenTrenocnexrpanpHuii ananmi3 3ailicHioBaBcs Ha audpakromerpi JJPOH-3 y BunpominioBaHHi
CoKo. [nst Bu3HaueHHs (pa3oBOro ckiamy peectpyBanucs nudpakiiiHi JIiHii y Aiana3oHi KyTiB 0 =
20° — 80°.

3a J0MOMOror MIKPOCTPYKTYPHOTO aHalli3y BHU3HAYaBCS PO3Mip 3epHa. MIKpOTBEpAICTh
BUMIiproBaau Ha npuiaai [IMT-3.

Pe3yabTaTH qoc/iaKeHHs Ta iX 00roBOpeHH

VY TOHKOMY NMOBEpXHEBOMY HIapi BiAOYBalOTbCsA CTPYKTYpPHI 3MiHH, SIKI MalOTh BUPILIAIBHUH
BIUTMB Ha BJIACTHBOCTI. [Ipy 11bOMYy Ba)KJIMBi HE TIIbKM CTPYKTYpHI 3MiHM B TOHKHX TTOBEPXHEBHX
mapax, ane u Ti, ki Bi10yBarOThCs Ha OUIbIIINA MTHOWHI, IO BIANOBIAAE MPOOIry 10HIB aX 0 MExi
X MPOHUKHEHHSI, @ TAKOXK 1e(EKTH, 0 CTBOPIOIOTHCS B PE3YJIbTaTi 3ITKHEHHS YaCTKH, 110 JIETUTD, 3
aToOMaMH MillIeHi.

Sk mokazanu JOCTIAKEHHSI MIKPOCTPYKTYPH CIPOro YaByHY, 110 3a3HAaBaB 10HHOI IMITJIaHTALli{
sk ioHaMu N, Tak 1 ioHamu B 1 C, Ha neBHiii rMUOUHI criocTepiraeThest MoApiOHeHHs 3epHa (puc. 1)

A

S
S
|

%)
S
I

Pa3mep 3epHa, MKM
W
S
T

,_
o
I

5 10 15 20
PaccTostHue OT Kpast TOBEPXHOCTHOI'O CJIOA B IIyOUHY

Pucynok 1 — I'icrorpamu po3mipy 3epHa BiJ Kparo B INTUOMHY

SIK BUTUIMBAE 3 TICTOrpaM, HAMMEHIINH PO3Mip 3epHa CriocTepiraeThest Ha rmuouHi 15 Mmxwm. Lei
(dakT, UMOBIPHO, TOB'I3aHMM 3 THUM, IO 10HHA IMIUIAHTAIlS AKTHUBI3Y€ TMIIKIAIKY, CIPHUSIOYN
3apOJIKOYTBOPEHHIO Ha MEPIIOMY eTari (popMyBaHHS MTOKPUTTS.

PesynbraTi 3HOCHWMX BHIIPOOYBaHb HaJaHO Ha pHUC. 2, A€ TOPIBHIOETHCS 3HOC YaBYHY,
HEoOpOOIIEHOTo Ta Micys IMIUTAHTAL] I0HAMHU a30Ty. 3 OTPUMAaHMX JJTaHUX BUIHO, 1110 HEOOpOoOIeHUH
YaBYyH pYHHYETbCS depe3 3 TOIMHH, IPHYOMY IHTEHCHBHE 3HOIIYBAHHS MIOYNHAETHCS BXKE 3 TIEPIIOT
rOAMHU BUNIPpoOyBaHb. YaByH, SKUH MPOIIIOB 00OpOOKY i0HAaMH a30Ty, IOYMHAE PyHHYBaTHCS Yepe3
7 ronuH BUMPOOYBaHb IpH HaBaHTakeHH1 1750 kr/cM2, mpruyoMy 3HOITYBaHHS MTOBEPXHI 3a nepii 4
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TOAMHU BUMPOOYBaHb MPAKTUYHO HE CIIOCTEPIraeThes. Y pas3i HamWwICHHS 4aByHY i0HaMu Oopy Ta
BYIUICIIFO 3HOCOCTIHKICTh JICIO HIYKYA, HIXK TIC/IS HAITUJICHHS 10HAMH a30TY.

04 [

03—

e
)
I

)

S
I

Jluneitnblii usnoc, Mm

| I | | | | | |

1 2 3 4 5 6 7 8

| | | | | | | |
250 500 750 1000 1250 1500 1750

P, kr/em®

1 — HeoOpoOeHMt YaByH; KpUBa 2 — YaBYH MICJISI 1I0HHOT IMILJIaHTAIli{ a30Ty
Pucynox 2 - 3anexHicTh JIIHIHHOTO 3HOCY BiJl 4acy Ta HaBaHTAKCHHS

OueBuAHO, BUCOKA 3HOCOCTIMKICTh MOBEPXHI YaByHY IICJIS 10HHOI IMIUTAaHTAIIii a30Ty MOXe
OyTu TOB'sI3aHa 3 TUM, 1110 Ha TTOBEPXHI (POPMYETHCS MIUIBHUM 1 TBEPAU 1Iap, KUl IEBHOIO MipOIO
BUPIBHIOE T€TEPOTEHHY CTPYKTYpPYy YaBYHY, 3 OJHOTO OOKy, a 3 iHIIOTO OOKY CTBOPIOE B Martepiaii
cneunpiyHi AeexTH, sKi 3MIIHIOTh HOro Ta 3HAYHOI MIPOIO CHPHUSIOTH MiABHILEHHIO
3HOCOCTIMKOCTI.

3MiHa MIKpOTBEPAOCTI NMPOBOAMIMCS Y HANpsSMKY BiJ MOBEPXHI O LEHTPYy Ha muTidax,
BUPI3aHUX MEPIEHAUKYJIISIPHO /10 IMIUIAHTOBAHOTO 11apy.

B pesynbrari 10HHOI IMITIaHTALil CIpOro 4YaByHY y BCIX BHUIAJKaxX OJAEP)KAHO MiABHILEHHS
MIKPOTBEPJIOCTI.

YaByH miciis 10HHOT IMIIaHTaLlli I0HAMH 30Ty Ma€ HalOIbIITY TBEPAICTh - BOHA B CEPEIHBOMY
cranoBUTh 21500 MIla y moBepxHi 1 HOCTYNOBO 3HUXKY€EThCA Ha BijcTaHl 50 MKM y riau0 3paska Bif
MOBEPXHI /0 3HAu€Hb, XapaKTepHI Ui BUXITHOTO 4YaByHy. TakuM UYHHOM, MIKpOTBEpAICTh
MTOBEPXHEBOIO 1IApy MiABUILYETHCS B 6 pa3iB.

[Ticns ioHHOi immaHTalii OOpy MIKPOTBEpAICTh YaBYHY OUIS MOBEpPXHI CTaHOBUTH
cepenaboMy 10100 MITa i 3HHMKY€eThCs TakoX 3 BiApUBOM 50 MKM J10 ceplieBUHU. MIKpOTBEPIICTh
MOBEPXHEBOTO LIApy MiABHILYETHCS Y 2,5 pa3H.

[Tpu 10HHIH IMIUTaHTALlT BYTJIEI0 MIKPOTBEPAICTh YaBYHY Ol TOBEPXHI B CEPEIHHOMY Ma€e
3HadyeHHs 11000 MIla 3 moganbIuM 3HIKEHHSIM 10 LIEHTPY 3pa3ka. MiKpOoTBEpAiCTh OBEPXHEBOTO
uiapy 30UIbIIy€eThCs B 3 pas3u.

[TigBuIIeHHST MIKPOTBEPIOCTI YaByHY BHACIIIOK IMIUIAHTALli 10HIB a30Ty, OOpy 1 BYIJIEIO
OYEBHJHO MOJKHA TMOSCHUTH HAsSBHICTIO BEIMKOI KUIBKOCTI crenudiuanx nedexTiB, sKi
YTBOPIOIOTbCS B Tpolieci Takoi 0OpoOKM, a TaKOX 3aKpillJIeHHs IX AUCHEpCHUMH (a3zamu, 10
YTBOPIOIOTHCS, BIAMOBIIHO, HITpUIAMH, OOpuaaMHu 1 KapOigaMu.

BuBuenns ¢a3zoBoro ckiaay 3MiIHEHMX IOBEPXOHb YaBYHY IIOKa3ajio, L0 Y 3pa3Kax,
00po0JIeHHX a30TOM, OCHOBHY (hazy cTaHoBUTh HiTpu FesN, kpiMm Toro, mpucyTHiil HiTpuza FezN,
ajie B HabaraTo MEHIIUX KIJTbKOCTSX.

VY 3paskax, gki OyJM IMIUIAaHTOBaHI 10HAMH BYTJELIO, YTBOPIOEThCS TUIbKM KapOif 3aji3a
FesC, a B 3pa3kax, IMINIAaHTOBaHUX OOpPOM, YTBOPIOIOThCS IB1 (ha3u - FeB 1 FezB.
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BucHoBku

1. ITicnst ionHOT iMIUTaHTAaLii a30TOM, OOPOM, BYTJICIIEM Y IIPUIIOBEPXHEBIH AIISHII YaByHHUX
3pa3KiB BIIOYBAETHCS MOIPIOHEHHS MEPIITHUX KOJIOHIM.

2. lonHa IMIUIaHTAIlisl WIiABHILYE MIKPOTBEPIICTh IMOBEPXHEBOTO INAPy: I10HH a30Ty
30UIBIIYIOTh MIKPOTBEPICTh B ~ 6 pa3iB, a 10HU BYTJIEIHO 1 60py B ~ 2,5...3 pa3is.

3. 3 pocmiKeHUuX IMIUIAHTOBAaHUX EJIEMEHTIB NMpH 10HHIN IMITIaHTaIil MOBEPXHI Ciporo
YaByHY HalOUIbITy 3HOCOCTIMKICTh Ta MIKpPOTBEPAICTh 3a0e3meuye a3orT.
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2. Hanotexnomorii B 21 CTOJITTi: CTpaTeriuHi MNPIOPUTETH HA PHUHKOBI MIiAXOAH 10
BrpoBapkeHHs: [.O. Argpomyxk Ta iH. : MoHOTpadis. K. : YkpIHTEIL 2011. 272 c.
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VJIK 621.891

BIIJIMB CXEM KOHTAKTY TA YMOB HABAHTA’KEHHA HA TEOMETPIIO IVIAMHA
3HOCY IIPU ®PETUHI-3HOCI %

IlleneneB B.B., crynent rpynu MC-31-22
XapkiBcbKUH HALLIOHAILHUH ABTOMOOLILHO-1I0POsKHIH yHiBepcuTeT

AHnomauin. Y cmammi onucano 6niug cxem 83a€mooii 080X mill HA 2eoMempilo NiAMU (ppemuHe-
3nocy. Onucano emanu mexauizmy ppemune-3nHocy. Posensinymo 36'a30Kk midic mexanizmom ghpemune-
3HOCY Ma cXemo10 83aEM00ii 080X demaiell, o KOHMAKMYIOMb.

Knrwwuogi cnosa: ¢pemune-3noc, KOHmMp-mino, HABAHMANCEHHS, 3HOC, NIAMA 3HOCY, AMNLIMYOd.

INFLUENCE OF CONTACT PATTERNS AND LOADING CONDITIONS ON THE
GEOMETRY OF THE WEAR SPOT IN FRETTING WEAR

Shepelev V., student of group MC-31-22
Kharkiv National Automobile and Highway University

Abstract. The article describes the influence of two-body interaction schemes on the geometry of the
fretting-wear spot. The stages of the fretting wear mechanism are described. The relationship between
the fretting wear mechanism and the scheme of interaction between two contacting parts is
considered.

Key words: Fretting wear, counter body, load, wear, wear spot, amplitude.

Beryn

@peTHHr-3H0C BiA0OYBAETHCS B PI3HUX By3Jax 1 3'€THAHHIX MPOMHUCIOBUX CIIOPYH, a TAKOXK
MEXaHI3MIB MallliH. 30KpeMa, (PpeTHHI-3HOC CIOCTEpIraeThcs B 0araThbox rajy3six 1 € OJHIEI0 3
cepiio3HUX MpoOJIeM CHOTOJCHHS B aBTOMOOUIbHIM, aepOKOCMIUHIM, OlOMEIUuHIA Ta sAaepHid
MPOMHUCIIOBOCTI [1].

Mexani3zm ¢ppeTunry

s onucy (peTUHry BUKOPUCTOBYIOTH pi3HE TpPakTyBaHHs Lboro mporecy. Haituacrime
BUKOPHUCTOBYETHCSI BUPA3 «(PPETUHT-3HOC», «(PPETHUHT-BTOMAa» 1 «PPETUHT-KOpO3is». 3riAHO 3
miocapieM TepMiHiB (Glossary of terms. ASM Handbook, Friction, Lubrication and Wear Technology,
ASM, Vol. 18 (1992)) ¢perunr BusHayaeTbcs sK: «OcoONMMBHI Mpolec 3HOLIYBAHHS, IO
BiJIOYBAa€THCSI B 30HI KOHTAKTy MK JBOMAa MarepiajlaMH ITiJl HAaBaHTAKEHHSAM 1 NPH OAHOYACHOMY
BIJIHOCHOMY pyci mij Ji€ero BiOparii abo Oyab-s1Koi 1HIo01 cumuy. [Ipu iboMy aMIiTyia BiIHOCHOTO
B3a€MHOTO PyXY CTAHOBHUTb BiJl MIKPOMETPIB 10 MUIIMETPIB, @ B OKPEMHX BHUIAJIKaX MOXe JOCATaTh
3-41m [2, 3].

KonuBanbHi pyxu, siki BiaOyBaloThCs MiJ yac (PETUHTY 3 MaJOK aMILTITYJ00, 3a3BHYail
CHPSIMOBaH1 MO0 JOTUYHIM MIXK ABOMa TBEPIUMH IMOBEPXHSAMHU, 1110 NepeOyBatOTh Y KOHTAKTI.

3 BUIlIE BUKJIAJICHOTO PO3MISIATUMEMO (PPETHHT-3HOC SIK (PPETHHT, i1 Yyac SKOr0 HEBEJIHKI
3MILEHHS € HACIIAKOM 30BHINIHIX BiOpalliii, a (peTUHr-BTOMa - SIK HEBEJUKI 3MIIICHHS, SIKI €
HacmiakoM (uukiIivHOi) nedopmartii ofHi€l 3 OBOX YAaCTHUH, IO CTUKAOTHCS. TepMiH (pETTHHT-

20 PoGoTa BUKOHAHAa I1iJl KEPIBHULITBOM J0lleHTa Prkkosa 1O .B.
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KOpO3isi BAKOPHCTOBYBaTUMEMO B THX BHIAJIKaX, KOJHU MEPEeBAKATHUME XiMiuHA 200 €NeKTPOXiMiyHa
peaxIisi.

VY mpormeci (QpeTTUHT-3HOCY BEIWYMHA aMIUTITYIU, 32 K01 BiJ0OyBa€ThCS 3HOIIYBaHHSI
nmoBepxHi (0COOIMBO Ha IMOYATKOBIW cTaiii), mepedyBae B mexax Bim 1 mo 300 mxwm. Ilix gac
(GpEeTTUHr-3HOCY YaCTUHKU 3HOCY MOXKYTh 3aJIMIIATUCS B 30HI KOHTAKTy JBOX MarepiaiiB, IO
PO3MIISIAI0THCS, OCKIJIBKY BETMYMHA YACTUHOK 3HOCY 1 BEJIMYMHA aMIUTITYId KOJUBaHb CIIBMIpHI.
[Tix gac 3HOCY 3BHUYAHMX MAp TEPTS YACTHHKHN 3HOCY BUBOAATHCS 13 30HH KOHTAKTY IBOX MarepiasiB
Tepts [4].

Ilin dvac B3aeMofil map TepTs 3HOUIYBAaHHS BiAOYBAa€TbCS BHACTIIOK HABMHCHOTO
MepEMIIIEHHS TOBEPXOHb, (PPETTIHT BUHUKAE MK TIOBEPXHSIMH, SIKI IPAKTHYHO HEPYXOMI BITHOCHO
OJTHA OJTHO1, aJie BOJHOYAC 3a3HAIOTH IUKIIIYHIX KOJMBAJIHHIX IMEPEMIIICHb BiTHOCHO O{HA OTHOT 200
3HAKO3MIHHUX HaBaHTaXeHb. KoNuBaibHI MEpEMIIIeHHs YacTO BUHUKAIOTH 4Yepe3 30BHIILIHIO
BiOpariro abo JMHAMIYHUHN BIUTUB. THUIOBHMH TPUKIAIAMH MICIb, ¢ MOXE BiIOyBaTHCS IPOIEC
(bpeTTiHry, € BTYJIKU Ta IMCKH, HAIPECOBAH1 Ha BaJIH, 1110 00epTal0ThCA, IUTIIHOBI My()TH, 3aKJICTIKOBI
abo 0o0iTOBI 3'€MHAHHS, MK IMAaCMaMM KaHATIB, a TaKOX MK TiJJaMH KOYCHHS Ta JOPIKKAMHU
MIIMITHUAKIB, KOJM BOHU HEPYXOMi BIIHOCHO OJHE ONHOro. BiH Takok MO)K€ BMHUKATH il 4ac
TPaHCTIOPTYBaHHS HEMPABWIHLHO YITAKOBAHKX JIETANICH, KOJIM BIOpAIlist MOKE TPU3BECTH 10 QPETTUHT -
3HOCY B MICISIX iXHBOTO KOHTaKTy MiX c000r0. DpeTTiHr-3HOC MOXe MPHU3BECTU 0 OcialbleHHS
3'€ZJHaHb, YHACIIIOK YOTO MiJBUILYETHCS BIOpAIIis 1, IK HACIIIOK, TPUCKOPIOETHCS IMONAIBIITNA 3HOC
3'€qHYBaAILHOTO By3ia. OCKITbKH OCKOJIKH, IO YTBOPIOIOTHCA MiA 4Yac (hPETTUHT-3HOCY, SIBISIIOTH
CO0O0F0 MEePEBAKHO OKCHUJI, IKHI Y OUTBIIOCTI METAITIB 3aiiMae OLIbIIHiA 00'€M, HIXK METaI, 3 SIKOTO BiH
YTBOPUBCS, (PPETTUHI-3HOC MOXKE TaKOX MPHU3BECTH JI0 3ailaHHsA JAeTajeil, MpU3HAYCHUX s
KOB3aHHS 200 00epTaHHS 3 HEBEIMKUM 3a30pOM. SIKIIIO YaCTHHKH 3HOCY HE BUBOJATHCS 200 MOTaHO
BUBOJSTHCS 13 30HU KOHTAKTY, TO 1€ MOX€E MPU3BECTHU JI0 3ainaHHs 1 3aupoyTBOpeHHs [5-8].

Ha puc.1 cxematn4no mokaszaHo mporiec (ppeTunr-sHocy. KoHTp-Tijo 3M1MCHIOE TUKIIIYHI
3BOPOTHO-TIOCTYMAJIbHI PyXH MO 3HOCOCTIHKOMY MOKPUTTIO, SIKE HAHECEHO Ha MOBEPXHIO OCHOBHOTO
Metairy. Kpim Toro, KOHTp-T1J10 MiJ J1€0 30BHIIIHHOIO HABAaHTA)KEHHS BIJIMBAE HA OCHOBHUI MeTall
yepe3 MOKpUTTA. Y Tpoleci B3aeEMOAIi Mapu MarepiajiB yTBOPIOIOTbCS MIKPOTPIIIMHU Ta
MIKpPOYaCTUHKU 3HOCY. OCKUIBKM KOHTP-TLIO 3[IHCHIOE 3BOPOTHO-NOCTYMANbHI PYXU BHCOKOI
9acTOTH Ta MaJioi aMIUTITY[I{, BOAHOYAC BIAUYBAIOUM 3HAUHE HABAHTAXKEHHSI, IEPIICHIUKYISPHE 10
MMOBEPXHI OCHOBHOTO MaTepiaiy.

Hanpsimox -
HABAHTAKCHHS
PYXY
- =1
KO.J1IbOPOBe xonTpTiNO _
HOKPHTTSH ) e i
3HOCY
N
=
NOKPHTTH .
TPIHHH TPIlHH
OCHOBHUA MeTan

Pucynok 1 — Cxemarudne 300pakeHHs (PPETHUHT-3HOCY

®peTHHT-3HOC YMOBHO MOYKHA TIOUTMTA HA YOTHPU CXEMH B3a€MOJIii Ta YTBOPECHHS TUISIMH
3HOocy. [lepmry cxemy mMoka3aHo Ha puc. 2, a, KOIU KOHTP-TUIO MiJ BIUTUBOM 30BHIIIHBOTO
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HABaHTAXXCHHS MPHUTHCKAETHCS J0 MOBEPXHI IHIIOTO Marepiaiy, MpU I[bOMY 3iHCHIOE 3BOPOTHO-
MOCTYTAaJIbHI IUKJIIYHI PyXH 3 MaJIOK0 aMIuTiTynoro. [insiMa 3HOCY Mae mpu iboMy OpMY «OBaTy».
Hpyra cxema puc. 2, 0. sBIsg€ cOOOI CXeMy, KOJIH KOHTP-TUIO 1 OCHOBHHUU Marepiai
3aJIMIIAIOTHCS BITHOCHO HEPYXOMI OJIFH JIO OJTHOTO, ITPH IIbOMY KOHTP-T1JIO 3a3HAa€ BUCOKOYACTOTHUX
[UKIIYHIX HABAHTAXCHb, CHPSIMOBAHUX MEPICHIUKYISIPHO HA IUIOMIMHY MOBEPXHI OCHOBHOIO
Marepiany. @opma mIsiMHU 3HOCY SBIISIE COO0I0 «KOJI0». TpeTs cxema (puc. 2, B) - 1€ KOJIM KOHTP-T1JIO
3I1MCHIOE TUKJIIUHI 00epTalibHI PyXHM HABKOJIO OCI, MapajeibHOi MOBEPXHI Marepiaiy, BOJHOYAC
30BHIIIIHE HABAHTKEHHS CIPSMOBAHE MEPIICHINKYIISIPHO 10 TOBepXHi Marepiany. [Iinsima 3H0CY Mae
bopmy «oBairy». UerBepra cxema (puc. 2, T'), KOJIX KOHTP-TLIO 3AIMCHIOE IUKIIIYHI 00epTaIbHI pyXu
HABKOJIO OCi, PO3TAIIOBAaHOI MEPIECHIAMKYISIPHO JO IUIONUHH ITOBEPXHI MaTepiaiy, 30BHIIIHE
HABaHTAXXCHHS CIPSMOBaHE B3OBX 0Ci o0epranHsa. Popma IUIIMU 3HOCY Ma€e POPMY «KOJIay.

Fﬂ Fn

B T

PI/ICYHOK 2T COMeTpiH IJISIMU 3HOCY 3a pi3HI/IX CXEM KOHTAKTY Ta YMOB HABAHTAKCHHSA

MexaHni3M (ppeTHHTY Ha OBEPXHI MOXKHA YMOBHO MOJUJIMTH Ha TPH €TallH.

Etan-1. Ha mouatkoBoMmy etari (peTHHI-3HOCY IiJl JII€I0 30BHIIIHBOIO HaBaHTAXECHHS
MOBEPXHI JOTUYHUX JIeTallel AIF0Th O/IHA Ha OJIHY 3 OTHAKOBOIO CHJIOH0. [1i1o1a nisiMi KOHTaKTy CHJI,
10 B3a€EMOJIIOTH, 3AJIEKUTh BiJ TeOMeTpii Ta po3Mipy JOTUYHUX JAeTaliedl, a TakoX BEIHMYMHU
YMHHOTO HaBaHTakeHH. [1ix Ni€to0 HaBaHTa)XXeHHs BiJJOyBa€ThCS 3MUHAHHS 1 pyHHYBaHHS BEpIIMH 1
rpeOiHIIB MOPCTKOCTI TTOBEPXHI.
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Eran-2. Ha npyromy erami mig Ai€l0 MUKIIYHOTO 3HAKO3MIHHOTO HaBaHTA)XKEHHS a00 pyXoM
KOHTp-TiJIa BiAOyBa€TbCA PyX YAaCTHHOK 3JIaMaHMX BEPIIMH IIOPCTKOCTI ITOBEPXHI OCHOBHOTO
Mmarepiany. Uepes mMany aMILTITYydy pyXy, YAaCTHHKH 3JIaMy Ha IEpIIOMY eTari He MOXXYTh BUHTH 32
MEKIi IUIIMU KOHTAKTY JIeTaJlel, 10 B3a€MOJIiI0Th. YaCTHHKH, 110 PyXatOThCsI, BHACIITOK HIUKITIYHOTO
PyXy MiJ 1i€f0 HABaHTa)KEHHsI IPU3BOAMTH /10 YTBOPEHHSI HOBUX YaCTUHOK 3HOCY.

Eran-3. Ha Tperpomy eTami miJBUIIYETHCS MIBUAKICTh (PETTUHT-3HOCY, IO IPU3BOANUTH 10
KPUTHYHOTO CTaHy apy KOHTP-TLI0 1 OCHOBHUH Marepiai. [1i1BUIIeHHS IIBUIKOCTI PPETTUHT-3HOCY
3yMOBJICHE HU3KOIO NPHYMH: 3pOCTAHHS KIJIBKOCTI YACTHHOK 3HOCY, IO 1epe0yBaoTh Y 30Hi IUIIMHU
KOHTAaKTy; BUHUKHEHHS MIKPOTPIIIMH Ta IXHE 3pOCTaHHA Ha MEXI IUIIMUA KOHTAKTy. SIKa 3 IpU4uH
MPU3BOJHTH 10 KPUTUYHOTO CTAaHy BH3HAUAE, 110 e (YPETUHT-3HOC a00 PpETUHT-BTOMA.

3anexHO BiJl CXeMH KOHTAKTy Ta YMOB HABaHTA)KEHHS MeXaHi3M (PPETUHT-3HOCY 3MIHIOETHCS.

BucnoBok
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VJIK 621.791.01

FEATURES OF CAST IRON WELDING WITH ELECTRODES WITH OXIDIZING
COATING?

Elfimov V., student of group MC-41-20
Kharkiv National Automobile and Highway University

Annotation. Application issues of manual arc cold-welding of cast iron by electrodes on Cv-08A wire
with oxidizing coating containing oxidizing agents, slag-forming and stabilizing elements of marble,
hematite, quartz sand, chromium oxide, aluminum powder, mica and soda are considered.

Key words: cast iron, welding, oxidizing agents, hematite, coating.

OCOBJIMBOCTI 3BAPIOBAHHSA YABYHY EJIEKTPOJAMMHA 3 OKUCJ/JIIOBAJIBHUM
HNOKPUTTAM

€adimos B.B., crynent rpynu MC-41-20
XapkiBCbKUI HALIOHAJIbHUI aBTOMOOIIbHO-I0POKHIN YHiBepcHTeT

Anomauin. Posensinymi numanms 3acmocy8antsi pyuyHo20 0y208020 X0100H020 36aPIOSAHHSL YAGYHY
enekmpooamu Ha opomi C6-08A 3 OKUCNIOB8ANIbHUM HOKPUMMAM, WO MICMUmMb OKUCTI08aUl,
waaxkoobpasyrowue i Cmabinizyoui elemeHmu - Mapmyp, 2emamum, K8apyosutl nicok, OKCUO Xpomy,
ANIOMIHIEBUL HOPOULOK, CIIOAY i COOY.

Knrwwuosi cnosa: uasyn, 36apro6anms, OKUCTIO8AYL, 2eMAmum, NOKPUMMSL.

Introduction

In iron castings different defects are detected at different processing stages. In addition, the
reduced 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

21 PoGoTa BUKOHAHAa I1iJl KEPIBHULITBOM JolieHTa barposa B.A.
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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

Metal electrodes for manual arc welding, manufactured by pressing method, were used for
research. 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
electrodes were produced. For comparison, the EMF electrodes were manufactured.

Welding and surfacing of samples for testing hardness and chemical composition of weld
metal 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
increasing 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
corresponds 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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Figure 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
dependence 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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Figure 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.

121



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.

A smooth transition from the base metal (grey cast iron CU 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.

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

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.

Figure 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.

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 Ny = 322-420 (HRC
32-43) with light areas of troosto-martensite Nu = 464 (HRC 46).
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%100, not damaged
Figure 4 - Melting zone of cast iron-steel

x450
Figure 5 - Microstructure of cast iron-steel melting zone

With removal - troostosorbit and small ferrite inclusions N = 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 CH 21, made by
electrodes ZTM-UCH diameter of 4 mm at currents 140, 160 and 180 A in reverse polarity are
presented 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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Figure 6 - Dependence of the carbon content in the weld metal on the current strength
at reverse polarity welding
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Figure 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.
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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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VIK: 620.669

BILIVB BYTJIEIIO HA CTPYKTYPY I CTIMKICTH 10 MIZKKPUCTAJITHOI
KOPO3Ii AYCTEHITHUX CTAJIEN?

IlaxoB €.E., cryaent rpynu MC-21-22
XapkiBChbKHIl HAIOHAJILHUIA aBTOMOOUILHO-0POKHIl YHiBepCcHTET

Anomauia. Mema pobomu: 6cmano81eHHs 2PAHULHO OONYCIMUMO20 BMICIY 8Y21eYi0 8 Ay CIEeHIMHUX
Cr-Ni ma Cr-Ni-Mo cmansx, sxkuii He 4YUHUMb HE2AMUBHO20 GNIUSY HA CMIUKICMb 00
midckpucmanimuoi xkoposii (MKK) y cunbro okucnux i ciabo oxucHux cepedoguwyax. J{ociiodicerHo
Mmikpocmpykmypy i cmitikicmb 00 MKK cmaneti 03X18HI11 (304L) i 03X17HI14M3 (316L) 3 emicmom
0,015-0,03 % C nicaa cencubinizayii. Bcmanognieno siocymuicme 6udiieHHs Kap0idie Xpomy Ha
epanuysx zeper 3azanrvro2o muny npu emicmi < 0,015 % C i na cneyianvnux epanuysx 2.3 y meopii
tpamok cnisnadarouux eyznie (CI'23 I'CB) y ecix docniodcysanux cmansx. J{oeeoeno, uwo 6ucoka
cmitikicmb 00 MKK npu eunpobysanni ¢ xunaauiu 65 % HNOs3 3a memooom C, ASTM A-262
3abe3neyyemucs npu emicmi Cy cmani 03X18H11 (304L) <0,025 %, ay cmani 03X17H14M3 (316L)
<0,015 %, npu sunpobyeanni y kunaauiti 35% H2S04 3a memooom E, ASTM A-262, — 6 obox cmansx
oonyckaemucsa 0,030 % C.

Knwwuosi cnosa:. aycmenimui Cr-Ni ma Cr-Ni-Mo cmani, eyeneywb, mikpocmpykmypa, cneyianibHi
epanuyi 3epen I'CB, midickpucmanimna Kopo3isi.

INFLUSION OF CARBON ON THE STRUCTURE AND STABILITY TO
INTERCRYSTALITE COROSS PIPES FOR AUSTENITIC STEEL

Shakhov E., student of group MC-11-23
Kharkiv National Automobile and Highway University

Abstract The purpose of the work: to establish the maximum permissible carbon content in low-
carbon austenitic Cr-Ni and Cr-Ni-Mo steels, which do not have a negative effect on resistance to
intergranular corrosion (IGC) in strongly oxidizing and weakly oxidizing environments.
The microstructure and resistance to IGC of steels 03X18N11 (304L) and 03X17N14M3 (316L) with
a content of 0.015-0.03 % C after sensitization were studied. It was established that there is no
segregation of chromium carbides at grain boundaries of the general type with a content <0,015 %
C and at special boundaries 23 in the theory of coincident site lattices (SG 23 CSL) in all studied
steels. It has been proven that high resistance to IGC when tested in boiling 65 % HNO3 according
to method C, ASTM A-262 is ensured when the content of C in steel 03X18N11 (304L) <0.025 % and
in steel 03X17N14M3 (316L) <0.015 %; when tested in boiling 35 % H>SO4 according to method £,
ASTM A-262, — 0.030 % C is allowed in both steels.

Key words: austenitic Cr-Ni and Cr-Ni-Mo steels, carbon, microstructure, special grain boundaries
CSL, intergranular corrosion.

Beryn

KoposiitHocTiiiKi ayCTEeHITHI HU3bKOBYIJIELIEBI XPOMOHIKENEBI W XPOMOHIKEIbMOJIOIEHOBI
crami 03X18HI1 (304L) 1 03X17H14M3 (316L) Ta w™MeranompoAaykiis 3 HHUX IIUPOKO

22 PoGoTa BUKOHAHA ITijl KepiBHULTBOM npodecopa Jepraa T.O.
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BUKOPUCTOBYIOTBCSI Y CBITOBI MPAKTHUII PH CTBOPEHHI 00JaAHAHH JUTsL XIMI4HOT, HAaTOXIMIUHOT,
€HEepPreTUYHOI, aepOKOCMIYHO1, aBTOMOO1IeOyNiBHOT Ta iHIIUX Taixy3ed mpomucioBocti [1-3], me
BOHU EKCILTyaTyIOTbCA y KOPO31MHO arpecuBHHMX CEpelOBUIIAX Ta 4Yepe3 3/aTHICTh J10 MacuBarlii
MiTAI0ThCS JTOKAILHUM BHAaM Kopo3ii. Jlns 3abe3meueHHs HaIiHHOT pOoOOTH B TaKMX YMOBAX,
METAJIONPOAYKIIIS 3 ayCTEHITHUX KOPO31MHOCTIMKUX CTajieill MOBUHHA BUTPUMYBATH BUIPOOYBaHHS
Ha cTiiikicTe 10 MibKKpuctanitHoi kKopo3ii (MKK) y cumpHO- ¥ cnabo OKMCHHX cepeIoBHINax
CTaHJAApPTHUMH MeTojaMu. Bimomo, mo Ha criiikicts 10 MKK BkazaHux ctalieii BIUIMBAE I1iJIa HU3Ka
(akTopiB: XIMIYHUHA CKJIAJ] 32 BMICTOM OCHOBHHX JIETYIOUUX €JIEMEHTIB, TEXHOJIOTIYHUX JOOABOK 1
JIOMIIIIOK, 3arajlbHa 1 3€pHOrPaHMYHA CTPYKTypa, Tomo. OCHOBHUM JIOMIIIKOBHM XIMIYHHM
€JIEMEHTOM, SKWH UYWMHHUTHh HETAaTMBHUN BIUIUB Ha CTIHKICTh KOPO3IMHOCTIHKMX CTaledl MpoTH
MDKKPHCTAIIITHOI KOpo3ii, € Byriens [4—6]. Ha el yac iCHyIOTh pi3HiI CHOCOOM 3MEHIICHHS BMICTY
BYIJICIIO TPU BUIUIABII CTalli, aje iX 3aCTOCYBaHHS MPHU3BOJUTH JIO MOJOPOKYAHHS
MeTanonpoAykiii. OTxe aKTyalbHUM € BHM3HAUEHHS ONTUMAalIbHOIO BMICTY BYIJIEHIO B Yy
METAIONPOAYKIIT 3 ayCTCHITHUX XPOMHIKEIEBHX 1 XPOMOHIKEIBMOIIOICHOBUX CTANCH, KU Ou
3abe3neuyBaB ix 3a10BUIBHY cTiiKicTh TpoTH MKK npu 31aBanbHO-npuiiManbHUX BUIPOOYBAaHHSX 1
B YMOBaX €KCILTyaTarlii.

Meta po00TH: BCTAaHOBJICHHS TPAHUYHO JOMYCTUMUX BMICTIB BYTJICLIO B HU3bKOBYTJICIICBUX
aycteHiTHuX Cr-Ni ta Cr-Ni-Mo cransax, ski He YMHSATH HETaTMBHOTO BIUIMBY Ha CTIHKICTH 0
MibKKpucTaniTHOi kopo3ii (MKK) y cCunbHOOKHCHUX 1 CIIa000OKHCHUX CEpEIOBUIIIAX.

AHani3z myOaikanii

Byriens Mae Bu3HauaibHHI BIUTMB Ha CTiiikicTh aycteHiTHUX Cr-Ni it Cr-Ni-Mo craneit 10
MKK [4-6], amxe HalO11bII TOIIMPEHOIO MPUYHUHOKO 11 BAHMKHEHHS € BUIIJICHHS Ha TPAHUIIAX 3€PCH
Kap0O11iB XpoMy 1 MOJIIOJEHY, 3yMOBIJIEHE MOBEPXHEBOI AKTHUBHICTIO 1 HM3BKOIO PO3UMHHICTIO
BYTJICIO B aycTeHiTi mpu Temmeparypax 400...850°C (zo 0,005 %) [4], 3HAYHO MEHILIO, HiX BMICT
C y HmpoMHCIOBHX CTajsiX. YTBOpPEHHS KapOiliB XpoMmy 1 MOdiOJeHy Ha TpaHMISIX 3€peH INpHU
ceHcubOuizanii abo TpuBamii ekcIulyaTalii MeTaJoNpoayKIii MpH TeMmepaTypax CceHcuOimizarii,
MPU3BOJUTH 110 301MHEHHS IIMMHU TMACHBYIOUMMH €JIEMEHTaMH TPUTPAHWYHHUX IUISTHOK TBEPIOTO
PO3UMHY 1 3HMKEHHIO KOpO3iiHOi cTilikocTi rpanuib. [Ipuunnoro MKK craneil y cuipHO OKHCHUX
CepelloBUIIAX MOXe OyTH PpO3UYMHEHHS CaMHUX BHCOKOXPOMHUCTHUX 1 XpPOMOMOJIOACHOBUX
KapOiiB [5].

He3Baxarouu Ha BEIMKY KiJIBKICTbh AOCHIDKEHB 3 BIUIMBY BYIJICLIO Ha CTPYKTYPY 1 CTIMKICTb
1o MKK aycrenitaux Cr-Ni i Cr-Ni-Mo craneii, 1aHi CTOCOBHO HOTO 'PAaHUYHO JIOITYCTUMOTO BMICTY
HeoJJHO3HayHi. L{e moB’s13aHO 3 pi3HOMAHITTAM (PAKTOPIB, AKI BIUIUBAIOTh HA CTIMKICTH cTanel a0
MKK; HeBHM3HAYEHICTIO ONTUMAJIBbHOI CTPYKTYypU CTalli Ta PEXKUMY TEpPMIUHOI OOpoOKM i ii
CTBOPEHHS; HEJOCTaTHBOIO YBarol [0 BIUIMBY €HEpPrii TpaHHUIb 3epeH 1 CHeliaJbHUX
HU3bKOCHEPTeTUYHHUX TPAHULb Y TEOPii I'PATOK CIIBIAJAIOUMX BY3JiB, @ TAKOX JO 3aCTOCYBaHHS
MPUHIUITY 3€pHOTPAHUYHOTO KOHCTPYIOBAHHS MOMIKPUCTATIIYHUX MaTepiaiiB [6, 7] mis 301nbLIeH s
X KIJIBKOCT1 B CTPYKTYpI CTaJi.

Marepiaju i MeToaM 10C/TiIzKEHHSA
Martepianamu J1ociipkeHb Oylin HuU3bKoByrieneni aycreHiTHi ctami: 03X18HI11 (304L) 1
03X17H14M3 (316L) 3 Bmictom 0,010...0,030 % C mociimHUX i TPOMHUCIOBHX IUIAaBOK (Tad:. 1),

micas raptyBaHb Bia Temmeparyp 950...1200°C, cranmaptHux BiamyckiB npu 650°C, 1 rox. i
TPUBAIMX BIAMYCKIB Yy iHTepBaii Temnepatyp 500...700°C.
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Tabmuus 1. Ximiunuii cknan (% Bar.) ZOCHIPKyBaHUX CTalen

Steel C Cr Ni Mo | Mn P S Si
304L 0,012- | 17,8- | 10,5- | 0,06- | 1,2- | 0.02- | 0.01- | 0.23-
0,030 | 185 | 11,2 | 0,07 | 1,3 | 0.03 | 0.02 | 0.6
0,010- | 17,2- | 13,5-| 2,6- | 1,3- | 0.02- | 0.01- | 0.2-
0,030 | 176 | 141 | 34 | 1,8 | 0.03 | 0.02 | 04

316L

OCHOBHMMH METOJIaMHU JOCHTIPKEHb OYJH: CBITIOBA MIKPOCKOIIiSl 3 aHATI30M I'PAaHUIb 3epEH
CTaJiel 3a METOJMKOIO, OMKMCAHOI y poOoTi [8]; BUIpoOyBaHHS HA CTIMKICTh O MIKKPHUCTATITHOL
kopo3ii (MKK) 3pa3kiB y cuibHO OKMCHHX cepefoBuiiax — kumstgii 65 % HNO3 (3a metonom C,
ASTM A-262) i anomgnuM TpaBieHHsM Mmertanorpadiunux nutidis y 10 % H2C204 x 2 H20 nipu
winsHOCTI ctpymy 1-10* A/m? (meton A, ASTM A-262) Ta y crabo OKHCHOMY CEpeIOBMIN, —
kurstain 35 % H2SO4 3 nogaBannsam CuSOs i metanieBoi Mifi (3a metogoMm E, ASTM A-262).

Pe3yabTaTu gociiakeHHs

Jocnimpkenusmu BBy Byriieiio Ha ctpyktypy Cr-Ni i Cr-Ni-Mo craneii BcTaHOBJIEHO
HactynHe. Y cTpykrypi ctaneit 3 Bmicrom 0,010...0,030 % C micns rapTyBaHb 1 B CTalsX 3
0,010...0,015 % C micnsa rapTyBaHb 1 HaCTynHHX BiamyckiB npu 650, 1 rox., BuaieHHS KapOiniB
xpomy 1 Momnibaeny Ha rpanunsx 3epet (I'3) Oynu BincytHi (puc. 1, a). Ilicns BiamyckiB cranei 3
BmictoM C > 0,025 % Bonu Buainsnucs Ha ['3 3arampHoro tumy (puc. 1, 6). Ilpu nomanbuiomy
30UIBIIEHH] BYTJICHIO KUTBKICTh KapOimiB Ha rpaHuipix 30utemyBanacs i npu > 0,030 % C Bonu
yTBOPIOBAJIM Ha HUX OE3MEpEePBHI JIAHIFOKKH (pHC. 1, 6).

Ha xorepenTHUX (IpsIMOMIHINHMX) AUTSHKAX ABIHHUKOBUX crieniaabHuX rpanuis 23 I'CB 3
TIOHMKEHOIO TToBepXHeBoto eHeprieto (19-1072 /M) MOpiBHAHO 3 €HEPriclo TPAHMIL 3aTaTbHOTO
tumy (835-1073 JIx/m?) [9], micns BimmyckiB kap6imu Gynu BifcyTHi, HaBiTh mpu 0,030 % C (puc. 1).
[Tpu miaBumenomy BMicTi C BOHH CIIOCTEPITaucs HA HEKOTePEHTHUX (3UT3aronoIi0OHMX) AUTIHKAX
CI' X3 (moxa3aHl YOPHUMH CTpPUIKaMU Ha puC. 1, ) 3 OUIbLI BHUCOKOIO NMOBEPXHEBOIO EHEPTIEI0
nopiBHsHO 3 KorepentHuMu CI™ Z3.

-m\i

j

-=>,rll~’

a—0,015%C;6-0,025%C;8-0,030% C
Pucynok 1 — BruiuB C Ha 3epHorpannuny ctpyktypy craii 304L (CI' X3 I'CB Bka3zaHi cTpiIkaMu)

ExcnepumeHTH Ha 3pa3kax crajed JOCHIAHMX IUTABOK 1 Ha IMPOKaTi MPOMHUCIOBOTO
BHPOOHHMIITBA JI0BEIEHO, 1110 TpaHnyHo gonyctumuii BMicT C 'y Cr-Ni cram 304L, skuii 3a6e3meuye
ii criiikicts 1o MKK npu BunpoOyBaHHI B CHJIBHO OKMCHOMY cepenoBuili ctaHoBUTH 0,025 %.
36utpmenns Bmicty C MOHAA IO MEXY MPU3BOAUTH 10 MIABUIIEHOI MIBHIKOCTI KOPO3ii cTaii (10
OumpIIOl pernamMeHToBaHoi craHgapTamu BenuuuHu 0,05 MM/piK) Ta 10 pO3KHUIY pe3yJbTaTiB
BUNPOOYBaHb (pucC. 2, a). BcTaHOBICHO TaKoXX CyTTEBUH BIUIMB Ha pe3yJbTaTH BUIPOOYBaHb
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TEXHOJIOTil TOTyBaHHS BUIPOOHUX 3pa3KiB; pPe3yslbTaTH, OTPUMaHi Ha 3pa3KaxX, BUTOTOBJICHUX 32
PI3HUMU TEXHOJIOTISIMH, Ha PUC. 2, @ MAlOTh Pi3HE MO3HAYCHHS.

Jlns 3a6e3neuennst Bucokoi criiikocti 10 MKK y cunbHO okucHomy cepenosutii Cr-Ni-Mo
cram 316L, B7micT Byriielio B Hiii Mae OyTu HUK4YHM, HiX y ctam 304L, a came, < 0,015 % (puc. 2, 6).
Ile 3yMOBIeHO MiABUIICHHAM €(EKTHBHOI KIJILKOCTI BYTJICIIO 31 301IBIICHHSAM BMICTY HIKEIIO B
cTaji Ta OUIBIIOI PO3YMHHICTIO Y CHJIBHO OKHMCHUX CEPEJOBUIIAX KapOiaiB MOIiOAeHy MOPIBHSIHO 3
KapOigamMu XpoMy uepe3 YTBOPEHHS X PO3ZYHMHHUX OKCH/IIB.

VY MeHII arpecMBHOMY ciabo OKHCHOMY cepenoBuii, criiikictb 10 MKK o6ox cramei
3a0e3neuyerbess npu Outbin BucokoMmy BMicTi C — mo 0,030 %, mo MOSACHIOETHCS PI3HUMU
mexanizMamu MKK y cunbHO- 1 ¢1a00 OKMCHUX CepeOBUIIAX.

[ToOymoBaHi Ha OCHOBI pe3yJbTaTiB JIOCHIDKEHb TEMIIEPAaTypPHO-4aCOBI  3aJICKHOCTI
cxmibHOoCTi 70 MKK crami 304L 3 Bmictom 0,015-0,030 % C moxasainu, 110 BUCOKA CTIMKICTH CTalIl
1o MKK y mmpokomy TemmeparypHO-4acoBoMy iHTepBaii gocsraeThes mpu BMmicti < 0,015 % C

(puc. 3).

Corrosion rate, mm/year
Corrosion rate, mm/iyear

0,015 0020 0025 0,030 0,035 927000 oots 0020 0,025
Carbon content, % Carbon content, %

a 0
Pucynoxk 2 — Bruus Bmicty C Ha crifikicts 70 MKK crami 304L (a) i 316L (6)
y kumutgii 65 % HNO3

e L
1}
o . a) 0,03 % C, 650°C,
Em o = 20ron.; '
'E 880 -3 ap ap af o VKOp. 65 MM/le
00
2 a 4 4 o 20 S0
ol AY AT AT AT AT AT
[&]
g’ 5D AT AV AV AT T AT 6) 0.023 % C, 6500(:,
Em AT AT AT AT NGF AT AT 20 ron.;
§ o 4T 4T a7 B Viop. 1,7 MM/pik
e 2 a 4 5 el 20 ‘_‘.0_
o0 [l = A = [ oo o
[&]
g‘: 0 e 00 oo o oR 00 B) 0015 % C, GOOOC,
Em =L Cr o Be oo c 20 rond.,;
o
E. 1
e e oe oo oo Vop. 0,43 MM/pik
s 2 a & 5 1] :I] ! 4

Holding time, hour

Pucynoxk 3 — Bomus Bmicty C, % (a — 0,03; 6 — 0,023; 6 — 0,015) i Biamycky B iHTepBai
500...700°C; 1...50 ron. na MKK crani 304L y cunbHO OKMCHOMY cepe1oBUIIT

Ili o6craBuHU HEOOXIHO BpaxOBYBaTH Ha MPAKTHIl, 30KpeMa, MPH TPUBAJIIN EKCILTyaTarii
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oOmagHaHHs 3 1i€l cTaini npu «Hebesneynux» temreparypax 600...700°C.

BcTaHOBIIEHO TaKOK TEXHOJIOTTYHY MOKJIMBICTD MmiaABHIICHHS cTilikocTi 10 MKK mpoaykiiii 3
HusbkoByrieneBux aycteHiTHUX Cr-Ni 1 Cr-Ni-Mo craiieil y CHiIbHO OKUCHHUX CEPEIOBHINAX MUIIXOM
rapTyBaHHS MPH MigBUIICHUX TemriepaTtypax [8, 9]. Ilpu Takiii 06poOIIi BitOyBaeThCs TOMOTEHI3AIis
CTaJti ¥ OUIBII MOBHE PO3YMHEHHS IIKIIJTMBUX HAUIMIIKOBUX ()a3 Ha TPAHMIIAX 3€PEH 1 B TLJIi 3epHa,
30utbmyeThest KimpKicTs CIT 23 I'CB migBHIeHoi Kopo3iiHOT CTIHKOCTI Ta 3MEHIIY€EThCS 3arajibHa
MTOBEPXHS MEHIII KOPO31MHOCTIMKUX IPAHMIIb 3PEH 3araJIbHOTO TUITY, SIK1 MAAI0ThCS CEHCUOTI3aIii
Ta MpHU BUMPOOYBAHHAX 3pa3KiB 1 MPH €KCIUTyaTalii METaIIONPOAYKIIii KOHTAaKTYIOTh 3 arpecu BHUM
CepEeIOBUIIIEM.

BucnoBxu

1. BcTaHOBNEHO BILIMB BMICTY IOBEPXHEBO-aKTUBHOT'O €JIEMEHTY BYTJICIIO Ha 36pHOTPAHUYHY
CTPYKTYpY 1 criiikicTh 10 MKK mocmigHux i mpoMucioBux Hu3bKOBYyTIIeeBux aycteHITHHX Cr-Ni
ta Cr-Ni-Mo crasneit npu BUNpoOyBaHHI B CUJIBHO 1 ¢71a00 OKMCHUX CEPEIOBHUIIAX.

2. Bucoka crifikicte 10 MKK craneit 304L i 316L npu BunpoOyBaHHI y CHIIBHO OKHCHHUX
cepenoBuiax 3adesnedyerhes mpu BMicTi C < 0,025 % 1<0,015 %, BinnoBigHo, a y c1abo OKUCHOMY
cepenosuiii — nomyckaerses 0,030 % C.

3. TToka3aHo BaXXIIMBY POJIb CIICIiaIbHIX HU3bKOCHEPreTHIHUX rpanuilb 3eped CI' X3 y teopii
IPaTOK CHIBMNAJAl0YMX BY3/MiB Yy MiABUINICHHI CTIMKOCTI nochimkyBaHux cranei mpotu MKK,
0CO0JIMBO Y HAHOUTBIIT KOPO31HHO arpeCUBHUX CHIILHO OKUCHUX CEPEIOBHUIIAX.

4. 3 ornsgy Ha 1e, MEPCIEeKTHBHUM JJsl MIABUINEHHs cTiiikocTi craneid mpotu MKK e
3aCTOCYBAaHHS IPU BUTOTOBJICHHI METAJIONPOIYKIlii MPUHIIUITY 36pPHOTPAHHYHOTO KOHCTPYHOBAHHS
Marepiaiis.
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VJIK 621.785

INVESTIGATION OF THE CAUSES OF THE CRIMINATION OF TURBINE CASTINGS
AFTER OPERATION OF 100 THOUSANDS. HOURS?®

Tkachenko D., master of group MC-55-23
Kharkiv National Automobile and Highway University

Abstract. One of the most important tasks of power engineering is to increase the reliability and
performance of turbine parts. In our work, the research material was casting of a steam distribution
housing made of steel 15X2M2®FC turbine Pridneprovskaya state district power station after
operating 100 thousand hours. One of the main factors preventing the formation of a stone-like
fracture is the purity of steel and, above all, the absence of sulfides and nitrides.

Key words: turbine, stone-like fracture, steel purity, sulfides, nitrides.

AOCIIUKEHHA ITPUYUH OKPUXYYBAHHS BUIMBKIB TYPBIH IICJIA
EKCIIJIYATANII 100 TUC. TOAUH

Trkauenko .M., marictp rpynu MC-55-23
XapKiBCbKUI HALIOHAJIbHUI aBTOMOOIIbHO-I0POKHIN YHiBepcUTeT

Anomauin. /[ns oyinku cmany memany i nPpocHO3Y8aHHI 0068208IUHOCMI KOPNYCi8 OJIOKY KIAnaHie
napopo3noodiny OOYIIbHUM € OOCHIONCEHHS CMPYKMYPU BUIUBKIE NICIS MPUBATUX MEPMIHIG
excnayamayii. Y nawitl pooomi mamepianom 0ocniodcents 6y8 UIUBOK KOPNYCY NApOpOo3Nnooiny,
sucomosnenuti 3i cmani 15X2M2DEC mypo6inu [lpuoninposcvkoi I'PEC nicis excnayamayii 100
muc. 200un. Iloxazamo, Wo O0OHUM 3 20N06HUX UYUHHUKIG, WO NEPeuKooNcaroms VmeopeHHIO
KameHnenoodibHo20 31aMy, € YUcCmoma Cmaii i, neput 3a éce, 8i0CYmHicmo cyib@hioie i Himpuois.
Knrwowuosi cnosa: mypoina, kam'sHono0dionuti 3nam, yucmoma cmaii, cyivb@iou, Himpuou.

One of the most important tasks of power engineering is to increase the reliability and
performance of turbine parts. During the operation of castings of turbines in a metal, structural
transformations occur, which results in a change in the level of mechanical properties. Individual
turbine parts operate under very difficult conditions. So, the valve block of steam distribution works
under conditions of a difficult stress state with an alternating loading cycle, being subjected to various
types of deformation - tension, compression, shear, etc.

To assess the condition of the metal and predict the durability of the valve body of the steam
distribution valve block, it seems advisable to study the structure of castings after long periods of
operation. In our work, the research material was casting of a steam distribution housing made of
steel 15X2M2®BC turbine Pridneprovskaya state district power station after operating 100 thousand
hours. To study the state of the metal after operation, metallographic and electron microscopic
analyzes were performed.

The nature of the fracture was studied using electron diffraction studies of the surface of
fractures using a scanning microscope. As shown by metallographic studies, the structure of the
casting consists of bainite, ferrite and ferrite-carbide mixture. During operation, the decomposition
of bainite into a ferrite-carbide mixture and the differentiation of structural components are observed.

The study of the mechanical properties of the metal after operation showed that of all the
properties, the toughness is most significantly reduced. Typically, when evaluating the properties of

23 PoGoTa BUKOHAHA I1iJl KepiBHULTBOM npodecopa irymkosoi J1.5.
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heat-resistant steels, a low level of toughness at 20 ° C is alarming, since it is assumed that such
"embrittlement™ reduces the ductility of steel and can cause accidental destruction of the metal in
operation.

To obtain complete information about the structural state of the metal after operation, the
microstructure of fractures was studied. The need for such a study is due to the fact that the feature
of steel 15X2M2FBS is the presence of a stone-like fracture. In the table 1 shows a comparison of
the impact strength with the microfractographic characteristics of metal fractures. The ever-increasing
needs of modern engineering raise an acute question about the use of steels prone to stone-like
fracture.

So, in [1], a theory of the formation of a stone-like fracture was developed, which relates
the appearance of this defect to precipitation from austenite during slow cooling after overheating of
non-metallic impurities — sulfides — due to a change in solubility with temperature.

Table 1. Comparison of microfractographic characteristics of the fracture of the casting with the
number of sections of the stone-like fracture and the values of impact strength

impact strength, j / cm? micrographic signs of plastic
deformation

fracture areas with accumulation of
pits of various sizes, mainly small
the accumulation of pits alternate

55 10 with traces of micro bursts, there are

tongues and ridges
the fracture surface consists of facets
of quasi-splits and steps

grooves of fatigue with a rough steep
relief, elements of a brooky pattern

stone fracture percentage

65 80

23 30

15 -

As can be seen from a comparison of the results given in table. 1, the presence of a large
percentage of stone-like fracture is not accompanied by brittle fracture. Thus, in the presence of 80%
stone-like fracture, accumulations of small dimples are observed in fractograms, which is a hallmark
of fracture.

Particles with a higher tendency to form a stable stone-like fracture are studied on the chips of the
samples by electron fractal studies. It can be sulfide inclusions, nitride phase. Local enrichment of
grain boundary volumes with such inclusions leads to the fact that subsequent heat treatment cannot
“remove” these particles from the boundaries of former austenitic grains, and they appear to be
“fixed”, and the boundaries are sharply weakened, hence the stone-like fracture.

It should be noted that the sections of the stone-like fracture are fragile and viscous.

A comparison of the microstructure with the fractures indicates that one of the causes of the
stone-like fracture is large grain.

Another reason for the appearance of a stone-like fracture is the presence of impurities in
steel in the form of sulfides or nitrides, which are located at the grain boundaries and weaken them.
The nature of the destruction is affected by ferritic layers around the bainitic grains, which,
participating in the destruction, form a streamy pattern.
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Figure 1 - The relationship between toughness and fracture structure parameters: curve 1 - between
toughness and grain size; curve 2 - between the percentage of stone-like fracture and grain size

Summarizing the results obtained, we can say that a stone-like fracture can be brittle and
viscous. If, for some reason, either related to the initial heat treatment, or to the operating conditions,
the cold brittleness threshold is shifted to the right, in this case a stone-like fracture is accompanied
by brittle fracture.

Conclusion

1. One of the main factors preventing the formation of a stone-like fracture is the purity of
steel and, above all, the absence of sulfides and nitrides.

2. Overheating of steel during preliminary or final heat treatment makes grain boundaries
weakened. Subsequent operation, which takes place under conditions of elevated temperatures and
stresses, leads to the fact that the grain boundaries are the place where local enrichment with
inclusions occurs, which contributes to the formation of a stone-like fracture.
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VJIK 621.91.01
MIJIBUIIEHHS JOBIOBIYHOCTI JETAJIEIl HACOCIB I3 CIPOI'O YABYHY?

Bo3uwk O.I. crynent rpynu MC-41-20
XapKiBCbKHUI HALlIOHAJIbHUI ABTOMOOLILHO-10POKHii YHIBepcuTeT

Anomauyia. Bioyenmposi Hacocu — epexmusHe ma BUCOKOWBUOKICHE OONAOHAHHA OJis
nepexkayy8anHs PisHOMAHIMHUX PIOUH: 8i0 YUCmoi 600U — 00 CMIYHUX 800 MA XIMIYHO AKMUBHUX
peuosun. Crabkorw namKoo, Wo 3HUNCYE CMPOK eKCHIyamayii HAcocie, € 8y307], AKUU GKII0UAE
VWinbHeHHs | 3axXucHi emyaku. Ilpusnayenns 3axucHux mynioK 6 KOMHIAeKmi pomopa — 3axuuiamu
6an 6i0 KoOpo3ii ma 3HOCY. 3axucHi 8mYaKu I3 CIipo20 YA8YHY MArmMv MA1y MOSUWUHY [ He
B00BOILHAIOMY CIPOKY CYHCOU Y 36 A3KY 3 NPUCKOPEHUM NOBEPXHEBUM 3HOCOM. ISt Ni0GULeHHS
3HOCOCMIUKOCMI, NOKPAULeHHsI NPUPOOIIOBAHOCMI | NONEPeONCeHHs YMEOPEHHs 3a0upy eupoois i3
Cipo2o uasyHy 6y10 3anponoOHOBAHO BUKOPUCMOBY8AMU HU3bKOMEMNEPamypHe cyiboyiany8aHHs.
Knrouoei cnoea: cipuii uagym, ximixo-mepmiuna oopooka, cyib@oyianysanHs, 3H0COCMILKICMb

INCREASING THE DURABILITY OF GRAY IRON PUMP PARTS

Vozniuk O., student of group MC-41-20
Kharkiv National Automobile and Highway University

Abstract. Centrifugal pumps are efficient and high-speed equipment for pumping various liquids:
from clean water to sewage and chemically active substances. The weak link, which reduces the
service life of the pumps, is the unit, which includes seals and protective sleeves. The purpose of the
protective sleeves in the rotor set is to protect the shaft from corrosion and wear. Protective bushings
made of gray cast iron have a small thickness and do not satisfy the service life due to accelerated
surface wear. In order to increase wear resistance, improve workability and prevent burr formation
of products made of gray cast iron, it was proposed to use low-temperature sulfocyanation.

Key words: gray cast iron, chemical-thermal treatment, sulfocyanation, wear resistance

Beryn

Binnentposi Hacocu — eeKTHBHE Ta BUCOKOUIBHJIKICHE OOJaJHAHHS JJIs NepeKadyBaHHS
PI3HOMAHITHUX PIAMH: B YUCTOI BOAM — JI0 CTIYHHUX BOJI Ta XIMIYHO aKTUBHUX pedyoBHH [1].
Cnabkoro JIaHKOIO, 10 3HIKYE CTPOK €KCIUTyaTallii HacOCiB, € BY30JI, SIKUW BKIIIOYA€ YIIUTHHEHHS 1
3axMCHI BTYJKH. [IpU3HaueHHs 3aXMCHUX BTYJIOK B KOMILJIEKTI POTOpa — 3aXMIIATH BaJl BiJl KOPO3ii
Ta 3HOCY. 3aXMCHI BTYJIKH 13 CIpOTO YaByHY MarOTh Majly TOBIIMHY 1 HE BJIOBOJIbHAIOTH CTPOKY
CIIy>k0H y 3B'SI3KY 3 IPUCKOPEHUM MOBEPXHEBUM 3HOCOM.

Jis  miABUINEHHS 3HOCOCTIMKOCTI, TMOKpAIleHHS TMPUPOOTIOBAHOCTI 1 TOMEpeIKEHHS
YTBOPEHHS 3aJupy BHpPOOIB 13 CIporo uaByHy OyJO 3alpolOHOBAHO BUKOPHUCTOBYBATH
HU3BKOTEMIIEpaTypHe CyNIb(OliaHyBaHHS.

B nporeci cynbdonianyBaHHs yTBOPIOETHCSI TOHKUI KapOOHITPUIHUH 1I1ap, sIKUH 3a0e3meuye
MiIBUIIICHHS 3HOCOCTIMKOCTI 1 KOPO31MHOI CTIMKOCTI 3aXMCHOI BTYJIKU. Haa kKapOOHITPUAHUM IIapoM
YTBOPIOETHCS MIap 13 CyNb(iaiB 3aii3a, IKU Ma€ HU3bKY MIKPOTBEP/AICTD 1 € TBEPAUM 3MAILEHHSIM —
3abe3mneuye BUCOKY MPUPOOIIOBAHICTh Ta CTIHKICTB 10 3a1Upy.

24 PoGoTa BUKOHAHA ITiJl KEPiBHULTBOM foueHTa Jlanazaposoi H.O.
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Meta podoTu

Merta nanoi po6otu — BHOip mapaMeTpiB CyJb(oLiaHyBaHHS TOHKOCTIHHUX BTYJIOK i3 CIpOTrO
YaByHY JUUIS TIIBUIIEHHS iX JJOBTOBIYHOCTI.

AnaJi3 nyosikanii

3aXHCHI BTYJIKM BUTOTOBJISIOTH 13 CIPOTO YaBYHY 3 IuIacTUHYACTUM TpaditoM. Cipuil yaByH
Mae 100pi JIMBapHi BIACTUBOCTI, IO JI03BOJISIE OTPUMYBATH SIKiCHI BUHBKH [2(3), 3 (4)].

JIyis IOBEPXHEBOIO 3MII[HEHHS BUKOPUCTOBYIOTH pi3Hi MeToau: nasepuy [4 (10), 5 (11)] ra
mIa3MoBy o0poOKy [6 (12)] (3a0e3neuyroTh MmoraHy sSKiCTh IIOBEPXHI, BUCOKA BAPTICTh OOJIaIHAHHS);
igykuiiine raprysanss [7 (13)], azotyBanns [14], HiTpoueHTamito, CiTililOBaHHS, aliTyBaHHS |8
(15)], xpomyBanus [9 (16)] (3abe3neuyroTh BUCOKY TBEPAICTb 1 3HOCOCTIMKICTH MOBEPXHEBOTO
mapy); OOpOOJIeHHS B CEpPENOBHUINI TEperpiroi mapw BOISIHOTO po3uuHy conei [10 (17)],
cynebinyBanHs (3a0esneuye A00py MOpuUpOONIIOBaHICTh), Cyhb(dolliaHyBaHHa (3abe3medye
MI/IBUIIICHHS 3HOCOCTIHKOCTI, MOKPAIICHHS PUPOOIIOBAHOCTI 1 ONEPEHKCHHS YTBOPESHHS 3aIUPY )
[11 (18), 12 (19)]. Jlnst BuOOPY ONTUMAILHOT'O METO/LY TIOBEPXHEBOTO 3MIlIHEHHS MTOTPiOHO, 100 BiH
3a0e3neuyBaB BHCOKY TBEPJIICTh IOBEPXHEBOTO IIapy, MOKPAIICHHS MPUPOOIIIOBAHOCTI 1
MOTIEPE/DKCHHST YTBOPEHHS 3aJMpy, TOMY IIO0 po0OTa B yMOBaX OOMEXKEHOTO 3MAIlCHHS MOXKE
CIPUSTH YTBOPEHHIO 3amupy. TemmepaTypa HarpiBy naeTaii HMpHU MOBEPXHEBOMY 3MIITHEHHI HE
MOBHHHA OyTH JyX€e BUCOKOIO, 11100 He 0YJI0 KOpOOJICHHS, TaK sSIK BTYJIKa TOHKOCTIHHA JICTAIb.

[TpoBenenuii aHai3 METOAIB MOBEPXHEBOTO 3MILIHEHHsI BUPOOIB 13 CIpOTr0o YaBYHY ITOKa3aB,
110 JIJIs1 320€3MEUCHHS BUCOKOT 3HOCOCTIKOCTI 3aXMCHOT BTYJIKM MOXKYTh BUKOPHCTOBYBATHUCS Pi3HI
METOJT!, 3araJIbHUMH HEJOIKaMU KX € 1X TPUBAIICTh, BUCOKA BAPTICTh Ta BUCOKA TEMITEPATypa.
Buxonsuun 3 mepepaxoBaHUX BHUIIE YMOB Ta OOMEXKEHb I MiABHIIEHHS 3HOCOCTIHKOCTI,
MOKpAIIEHHsI TPUPOOIIOBAHOCTI 1 TIOMEPEIKEHHSI YTBOPEHHS 3aAupy OyJo 3amporoHOBaHO
BUKOPUCTOBYBAaTH HU3bKOTEMIIEpATypHE CyIb(OIliaHyBaHHS.

MarepiaJj Ta METOAUKH AOCTIIKEHD

B sxocti Martepiany 3axucHOi BTyJNkH OyB oOpanuii cipuit yaByH CU21. XimiuHHMI cKiaj
yaByHy: 3,19 % C, 1,76 % Si, 0,38 % Mn, 0,082 % S, <0,21 % P, caixu Cr, 0,16 % Cu.

XiMIYHHHN CKIJTa]] BU3HAYAIM Ha MMOPTATHBHOMY JiazepHOMY aHaiizaropi Laser Z200 C+,

Meranorpagiuti JOCHIKEHHS MPOBOAWINCA 32 3arajJlbHONPUMHATOI0 METOIMKOI Ha
uuppoBoMy MertanorpagiuHoMy MiKpockomi. [ BUSBIEHHS CTPYKTYypU YaBYHY 3aCTOCOBYBAJIU
TPaBJIEHHS PEaKTUBOM: 5 % MIKPUHOBOT KMCIOTHU Ta €TUIIOBUNA CIIUPT.

Jl1s BUMiproBaHHSI MIKPOTBEPIOCTI BUKOPUCTOBYBAIM JIOCIHITHUIBKUIA KOMILJIEKC HAa OCHOBI
MikpoTtBepaomipa [IMT-3 3 yoTupHUrpaHHOIO alMa3Hy MipamiJIoro MpH HaBaHTakeHHI S50 T.

CynbdorianyBaHHsT YaByHHUX 3pa3kiB npoBoamwmu B posmiasi coieir (K2COs, CO(NH2)2,
NaoS.

Jis BUIIpoOyBaHb Ha TEPTS Ta 3HOIIYBAaHHS BUKOPHCTOBYBAJIH CXEMY «POJIMK-KOJIOKA» Ha
mamuHi Teptss CMILI-2. JlocnimkeHHs Ha TepTs NPOBOAMIM B cepepoBuili Bojau. IlIBuakicts
KoB3aHHS KOHTPTUT — 1,0 M/c, HaBanTaxxeHHs — 1500 MITa.

3HOCOCTIMKICTh TaKOX OLIIHIOBAIM 3a YacOM JI0 MOYATKy 3aJUpPY 3pa3Ka, M0 € BaKIMBOIO
XapaKTePUCTHKOI0, TaK SIK 3 TOYATKY 3aJHUPY 3pa3ka Pi3KO Majae MOMEHT TepTS 1 TMOYMHAETHCS
IHTEHCUBHUI 3HOC.
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PesynbTaTi gocaiikeHb Ta ix 00roBopeHHst

OcHOBHE NPU3HAYEHHS BTYJIOK B KOMIUIEKTI POTOPA BIILEHTPOBOI'0 HACOCA — 3aXMUILATH Ball
BiJI 3HOCY, KOpO3ii Ta epo3ii. HallOi1b11 BiIMOBIIAIEHOIO € BTYJIKA Bally B 30H1 KiHIIEBUX YIIIJIbHEHb
Hacoca. [Tpu M'sIKuX caJlbHUKOBHMX YLIUIBHEHHSX BTYJIKM CIIy>KaTh JUIsSl ONEPEKEHHS 3HOCY Baly
HabuBkoto. [ToBepxHeBuil map BTYJIKH NOBUHEH MAaTH BUCOKY TBEPIICTh 1 3HOCOCTIMKICTh, a TAKOX
3aJUPOCTIHKICTb. 3alPONOHOBAHO HAa OCHOBI IIPOBEAEHOrO aHaNi3y JITepaTypHUX JUKepen s
BUTOTOBJICHHSI 3aXMCHOT BTYJIKM BUKOPUCTOBYBaTH cipuii yaByH CY21.

B nmutomMy cTaHi MIKpOCTPYKTYypa Ciporo 4aByHY CKJIAAA€ThCs 3 PepuTy, MEpIiTy, MOABIHHOT
(dhochinHOT €eBTEKTHKHU Ta IIacTHHYAcTOro rpadity (puc. 1).

Pucynox 1 — MikpocTpykTypa 4aByHYy B IUTOMY CTaHi, He TpaBiieHo, x200

[Tepmit mae mikpoTtBepaicth Hso = 1610 — 2100 MIIa, docdinna eBrektuka — Hsg = 6440 —
7660 MITa.

JUist miIBUIIEHHS TOBTOBIYHOCTI BUPOOIB 13 CIPOro YaByHY, TOOTO TBEPOCTI, 3HOCOCTIHKOCTI
Ta 3aIMPOCTIMKOCTI 3pa3KH 13 CIpOro YaByHY B JINTOMY CTaH1 MiJ/1aBaji HU3bKOTEMIIEPATYPHOMY
MIOBEPXHEBOMY 3MIIIHEHHIO, SIKE HE BUKJIMKA€E KOPOOIEHHS! TOHKOCTIHHUX BUJIMBKIB 13 CIpOTO YaByHY
— cyJbdolliaHyBaHHIO.

Temneparypa cynbdorianyBanHs — 560 °C, Buaepkka MpH Iii TemnepaTypi BapiroBaiacs —
1,45; 2,0; 3,5; 6,0 roguH.

[Ipomec cynbdorianyBanHs MOAIOHUHN 10 TIPOLIECY L1aHyBaHHS, TOOTO HACUUEHHS TTOBEPXHI
BUPOOIB ByTJIeLIEM 1 a30TOM Yy po3iuiasi coneid. [Ipu Temmneparypi 560 °C nporec 1iianyBaHHs O1JIbIIe
o10HUM 710 Mpoliecy a30TyBaHHsI, TOOTO B1I0yBAa€ThCs B OUIBIIOMY CTYNEHI HACUYEHHS a30TOM, a
B MEHIIIOMY — ByTJienieM. B mporieci HacuueHHs yaByHy npu Temmneparypi 560 °C a3oTom 1 Byriernem
YTBOPIOIOThCS HACTYIIHI (ha3u: TBepAUN PO3UMH a30Ta B o-3ai1i31 (o-Gasa), y'-(haza — TBepaAuil po3unH
Ha ocHOBI KapOoHiTpuay 3amniza Fes(N, C), e-pasza — TBepamii po3unH Ha OCHOBI KapOOHITPULY 3aTi3a
FesNC. B pesynbrari Takoi o0poOku ¢GopMyeTbcs TOHKHM KapOOHITpUAHMNA iap, SIKUA MEHII
Kpuxkuid, Hix yncti kap6inu (FesC) abo HiTpuau (FexN) [6]. YTBopeHHS kKapOOHITPUAHOTO HIapy
CIpHsi€ TMABUIIICHHIO 3HOCOCTIHKOCTI 1 KOPO31HHOT CTIHKOCTI CIpOTO YaBYHY.

Han xapOoHITpUAHNUM IIapOM pO3TALIOBAHUH IIap, SIKUH CKIIAJA€ThCS 13 CipyaHOro 3ali3a,
ToBIMHA AKOTO 0,05 MM.

MixkpotBepaicTs kapOoHiTpuaHoro mapy Hsp = 5500 — 6000 MIIa, MikpoTBepaicTh HIapy
cynbdiny 3amiza Hso= 750 — 1580 MIla, MikpoTBepAiCTh MEpIiTy B 30HI KapOOHITPUIHOTO IIApy
Hso=2210 — 3210 MIIa.

[ToBepxHeBuil 1Iap 3aXMCHOI BTYJIKHM IPALlO€ B YMOBAaxX aOpa3WBHOTO 3HOCY NMPHU 3HAYHHUX
MUTOMHMX HaBaHTaKEHHSAX 1 oOMexeHoro 3ManryBaHHA. [Ipu TepTi BTYJKM 1 HAOMBKU KIHLIEBOTO
YIIUTBHEHHSI Ma€ MicCIle MOJIEKYJISIpHE 3YEIUICHHS, K€ € NPUYMHOI0 3aaupy. s momepekeHHs
MOJICKYJISIPHOTO 3YETUICHHSI MOJKHA CTBOPUTH Ha MOBEPXHI TEPTS TUIIBKH, K1 OyIyTh BUKOHYBAaTH
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poib 3mamieHHs. [Ipu cTBOpeHHI Ha MOBEPXHi BTYJIKU 3aXUCHOI IUTIBKU TePTS OyZe BiAOyBaTHCA MiX
3aXMCHOIO IUTIBKOIO 1 TBEP/IOIO MOBEPXHEI HAOUBKYU YUIUIbHEHHS.

B po6oTi nocnimKyBanucs mpoiecu TepTs 3pa3KiB CIpOro 4aByHY, Ha IMOBEPXHI AKUX Oyiu
OTPUMaHI 3aXHUCHI TUTIBKH.

Pesynbrati BuUnpoOyBaHb 3HOCOCTIMKOCTI 3pa3kiB 4YaByHy B JUTOMY CTaHi, Micis
cynbdornianyBanHs Ha raubuni 150 MM B BanHi (pexum A); pexxumu b, B, I' — cynbdouianyBanus
Ha JTHI BAaHHM 3 PI3HOI BUCP)KKOIO HaBeseH1 B Ta0uill 1. BiHOCHY 3HOCOCTIMKICTh BU3HAYAIH TIO
BITHOIICHHIO /0 BHUXIAHOTO (JIMTOTO) CTaHy YaBYHY, 3HOCOCTIMKICTH SIKOTO Oyina HpuiHATA 32
ouHUII0. BU3Havanu Takox yac 10 MOYaTKy 3aaupy 3paska. Lle BaxkinBa XxapakTepuCTHKA, TaK SIK
3 MOYATKY 33aJUpy 3pa3ka pi3KO 3HUKYETHCSI MOMEHT TEPTS 1 HOYMHAETHCS IHTCHCUBHUH 3HOC.

Tabmuus 1 — Pexumu cynbdolianyBaHHs, CKJIaJ IOBEPXHEBOrO MIapy, BiAHOCHA
3HOCOCTIMKICTh CIpOTO YaByHY

ITo3na Pexxum XTO Bunep 3arajgbpHa ToBimuHa Bignocu | Yac o
YCHHS JKKa, XB TOBIIMHA KapOOHITHU]T a MOYATKY
PEXKUM urapy npu HOTO 1Iapy, | 3HOCOCTI | 3aaupy,
y cynbdoIianys MM HKICTh XB
aHHI, MM
A CynbdorianyBaHHs 1 rox 0,025 - 1,3 3,6
(ra raubuHi 150 mm) | 45 xB
b CynbdorianyBaHHs 2 rox 0,06 0,008 3,9 42
(Ha TH1 BaHHM)
B CynbdorianyBaHHs 3 rox 0,065 0,01 4.8 57
(Ha TH1 BaHHM) 30 xB
T CynbdonianyBaHHS 6roxa 0,066 0,01 4.85 61
(Ha TH1 BaHHU)
Cipuii 4yaByH B 1 0
JUTOMY CTaHi

Bucoky 3HOCOCTIMKICTh Ma€ 4aByH Miciis Cyib(olliaHyBaHHs Ha AHI BaHHU (pexxumu B 1 1)
Ha npotasi 3 roguHu 30 XB 1 6 TOJUH, KOJM YTBOPIOEThCS KapOOHITPUIHHUM mIap 1 map cynibdigiB
3aitiza. 30UTBIICHHS Yacy BUACPKKH 3 3 roauH 30 XBUIWH A0 6 TOIWH MPAKTUYHO HE BIJIMBAE HA
TOBILMHY CyJb(OI[IaHOBAHOTO MIAPy 1 3HOCOCTINKICTh YaBYHY. 3HOCOCTIHKICTh YaBYHY 3a0e3meuye
TBEPAMM 1 3HOCOCTIMKMIM KapOOHITPUAHUN IIap, a map cyib(iAiB 3ami3a, SKUl BUKOHYE pOJIb
3MallleHHs, 3a0e31edye BUCOKY 3aJUPOCTIHKICTh (Yac 710 3a71py), FapHy MPHUIIPaIbOBYBaHICTh.

Posmomin  XiMIYHUX €JIEMEHTIB 3MIHIOETbCS 3a TOBIIMHOW Mapy. MakcuManbHa
koHneHnrpauis N, C crnocrepiraerbes y HIKHbOMY mifmapy [6]. Bkazana OyaoBa MOBEpXHEBOTrO
mapy 4aByHY 3a0e3neuye Ipu HU3bKUX 3HAYCHHSIX KOS(IMIEHTY TEPTS MiABUIIEHY 3HOCOCTIHKICTB 1
MOKpAIleHy MPUIIPaIbOBYBaHICTh Ta CTIMKICTb 710 33AUPY.

TakuM 4yMHOM, Ha OCHOBI MPOBEACHUX JIOCIIPKEHb OYJI0 BCTAHOBJIEHO, 1[0 MaKCUMAJIbHY
3HOCOCTIHMKICTb 1 CTIHKICTB 10 3aJMpYy Ma€ 4aByH HicCiis CyJb(oLiaHyBaHHS 3a peXUMOM B, skuit
MOJKHA PEKOMEH/IyBaTH ISl TOBEPXHEBOTO 3MIIIHEHHS TOHKOCTIHHOT BTYJIKH 3 CIpOTO YaBYHY, SIK
HanO1IRI ekoHOMIHMM mporiec XTO.
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BucHoBku

1. JIst mOBepXHEBOTO 3MIlIHEHHSI TOHKOCTIHHOT BTYJIKH 13 CIpOTO 4aBYHY BUKOPHUCTOBYIOTb
HU3BKOTEMIIEPATypHY XIMIKO-TEpMiuHy OOpOOKy, IO HE BHKIMKAE KOPOOJICHHS BTYJIKH —
cynbdoliriaHyBaHHSI.

2. B mporeci cynbdoiiaHyBaHHSI YTBOPIOETbCS TOHKHHM KapOOHITPHIHUI mIiap, 1O CKIIATy
SIKOTO BXOIATH (has3u: y' — TBepAui PO3YMH Ha OCHOBI KapOonitpuay 3amiza Fes3(N, C), e-dasza —
TBepAUi po34urH Ha 0a3i kapOoHiTpuy 3ani3za FesNC, a 3Bepxy dhopmMmyeThes miap i3 cynibdiaiB 3amiza
FeSo.

3. KapOGoniTpuanauii map, mo mae MikporBepaicte Hsg = 5500 — 6000 MIIa, 3abe3neuye
IiIBUIIICHHS] 3HOCOCTIHKOCTI 1 KOPO31MHOI CTIMKOCTI Ciporo 4aByHy, a Imap i3 cyiab(diaiB 3amisa, 1o
Mae MikpotrBepaictb Hsg = 750 — 1580 MIla, 3a6e3mneuye no0py mpUIpabOBYBaHICTh 1
3aIMPOCTIHKICTD (Yac 70 3aUpy).

4. MakcuManbHy 3HOCOCTIMKICTB 1 CTIMKICTD JI0 3a/IMPY Ma€ YaBYyH Micls Cylb(oIiaHyBaHHS
3a peXUMOM B, sKuif MO’KHA pEKOMEH/TyBaTH JUIsl TOBEPXHEBOTO 3MIIIHEHHS! TOHKOCTIHHOI BTYJIKH 3
Ciporo 4aByHy, SIK HaiiO1IbIII EKOHOMIUHUH MPOIIeC XIMIKO-TepMidHOI 0OPOOKH.
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E®EKTUBHUN METO/ HIABAIMEHHSA KOHCTPYKTUBHOI MIITHOCTI
BUPOBIB %

Myaiu JA.B., marictp rpynu MC-51-23
XapkiBCbKHH HAllIOHAJILHUH AaBTOMOOITbHO-10POKHIN YHIBepcHTeT

Anomauisn. /locniodiceno 6niug Moou@iKysants nOGEPXHi MemoooM I0HHO20 6OMOAPOYBAHHs HA
CMAaH NOBEPXHEB020 WAp HA 8ACMUBOCMI 8UPODY 8 YLIoM).

Kntouoei cnosa: cmanv 20, nosepxmus, ionHe 6ombapoysamHs, cyOCMpPYKmMypa, ulOpCmKicme,
HaAHOmMeepoicmyv, MiYHICMb, NIACMUYHICTND

EFFECTIVE METHOD OF INCREASE CONSTRUCTIVE PRODUCT STRENGTHS

Dulich D.V., master of group MC-51-23
Kharkiv National Automobile and Highway University

Abstract. The impact of surface modification by ion bombardment on the state of the surface layer on
the properties of the product as a whole was studied..
Key words: steel 20, surface, ion bombardment, substructure, roughness, nanohardness, strength,
ductility

Beryn

BaxnuBoro 3agauero cyyacHOro MalIMHOOYyBaHHS € MiJBUINEHHS HAAIMHOCTI jaeraned 1
KOHCTPYKIIIH po3paxOBaHUX Ha JIOBrOTPUBAIY €KCIUTyaTalito. BusHauanbHuM (pakTopom npu oMy
€ koHcTpykuiiHa MinHicTh (KII). ¥V 3B'SI3Kky 3 UM mocTae akTyajlbHE MUTAHHS IOIIYKY HOBHUX
TEXHOJIOT1H 00pOoOKM KOHCTPYKLIHHUX MaTepialiB, 1o 3abe3neuaTs migsuineHHs KII.

Binomo, mo HaifOupm edextuBHUM cnocoboM 30unbmieHHs KII € o00poOkoro Ha
yabpTpapiOHe 3epHO. OCOOJMBO 3HAUYIIMX YCHIXiB MOXKHa JOCATTH, OTPUMAaBIIM B MaTepiaii
HAaHOKPHUCTAJIIYHY OYJIOBY IO JI03BOJISIE ICTOTHO 3MILHUTH MaTepiai 1 30eperty npu 1bOMY BHUCOKI
3HAa4YeHH$ IUIACTUYHOCTI, yIapHOT B'SI3KOCTI 1 B'I3KOCT1 pyHHYBaHHS.

OpHak OTpUMaTH HAHOPO3MIPHY CTPYKTYpY IO BCbOMY NEpepi3y MacHBHHX BHPOOiB TOCHUTh
BaXKO 1 116 BUMara€ BHUKOPHMCTaHHs CKJQJHUX 1 JOPOTMX METOJiB (IHTEHCHBHOI IJIACTUYHOI
nedopmartii, cmoco6iB MOPOIIKOBOI MeTaryprii). B Toil jke yac moBepXHEBE HaHOCTPYKTYpYBaHHS
MO>KHa CTBOPUTHU JIOCUTH IIPOCTO: IIIIXOM JIa3epHOi a00 10HHO-1I1a3M0oB01 00po6ku (ITT1O). [TutanHio
Ipo Te, SIK CTaH TOHKOro po0OYOro miapy MoKe BIUIMHYTH Ha MEXaHiYHI BJIACTUBOCTI Ta
JIOBFOBIYHICTh BUPOOY B LILJIOMY, 1 MPUCBAYEHA JJaHA poOOTa

AHaJui3 nyoJaikanii
AHani3 niTepaTypHHUX JPKEpesl CBIAYUTH, 110 CTaH MOBEPXHEBOrO LIapy BU3HAYa€ CYTTEBI

BIIMIHHOCTI MOBEJIHKU MiJl JedopMalli€0 MOBEPXHEBUX Ta BHYTPIIIHIX MIApiB METaly, BHOCUTh
3MIHH JI0 JliarpaMu pO3TATYBAHHS Ta XapakTep pyiHyBaHHs BUpoOy [1- 4].

2 Po6oTa BUKOHAHA I1iJl KEPiBHULITBOM JoleHTa Jlomeukinoi [.B.
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Meta po6oTu i 3aB1aHHsA

Mertorw naHoi pobotu Oylio JOCTIIKEHHS BIUIMBY MOAH(IKOBAHOTO MOBEPXHEBOIO IAPY
10oHHUM OomOapayBaHHAM Ha TIOBEAIHKY Ta (OpPMYBaHHS BJIACTUBOCTEH BHpPOOYy Mix
HABaHTAKCHHSIM. .

MarepiaJj i MeTOAU TOCTITKEHHS

JocnipkenHto migsranyd  cranaaptHi  muniHgpuudi 3paski (lo=25mm, do = 5 mm)
Biamanenoi cram 20, sxi miggaBanucs ioHHoMy 6oMOapayBansio (Ib) Huskoeneprernunumu (10 3
keB) ionamu TuTany Ha ycranosui «bynar - 3T» B atmocdepi aprony. st piBHOMipHOCTI 00poOKH
3pa3ku 00epTaaIu HaBKOJIO OCI.

BuripoOyBaHH: 3pa3KiB Ha pO3TATAHHS MPOBOIMIIN 33 CTAHAAPTHOIO METOAMKOIO HA MAaIlliHe
UIT-STM-50.

HlopcTkicTh Ta mpoQinh TMOBEPXHI OIIHIOBAIM 3a JIOTIOMOTOIO npodinomerpa-
npodinorpada NR200.

MikpoctpykTypy aociimkyBaiu Ha ontuanomy (UIT MicroMet-1-102 BD) ta pactpoBomy
anekTponHoMy (POM—-106) mikpockomax.

BumiptoBanHs HaHOTBepJOCTI mpoBoawiu Ha HanotBepmomipi Nanoindenter 11 (MTS
Systems Corporation, OakRidge, USA) inxenropom BbepkoBuya. [Ijis BH3HAYEHHS PO3MOIITY
HAHOTBEPOCTI 32 NIyOWHOIO TOBEPXHEBOT'O IIAPy BUKOPHCTAaHA METOMKA CPEJHHOTO KOHTAKTHOTO
TUCKY, IO JO3BOJIMJIO BHU3HAYMTH CEPEIHIM KOHTAKTHUW THCK ISl YCIX TOYOK JMiarpamu
HaBaHTaXCHHSI.

Pe3yabTaTu noc/iaKeHHs

MIiKpOCTpyKTypHUM aHali3oM 3a¢iKcOoBaHE 3HauHEe MOApiOHEHHs 3epeH Qeputy: a0 Ib
cepenHiil po3mip 3epeH aopiBHIOBaB 40 MKM 1 B cepeiMHi iX cyOrpaHuil He BusiBisuiucs ( puc. 1).
[Ticas x Ib dikcyerbest po3BUHEHA CyOCTpyKTYypa 13 po3mipoM enemeHTiB 150 — 200 HM 3 YITKUMH
cyorpanuismMu, mupuHoro 130 — 255 um (puc. 1). Sk BitoMo, Taka MOJIENIb CTPYKTYPH XapakTepHa
JUIs HaHOMarepialiB.

‘\ . » ‘1"

a— Bigmaim; O —sigmain + Ib
Pucynox 1- Mikpoctpyktypa ctaini 20; x 10000
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BusBnenwuii me oauH 0e3mepedyHo MO3UTUBHUN (aKTOP - «3aTIKOBYBAaHHS» IOBEPXHEBHX
nedekTiB ( 1Mop, MIKPOTPINIMH, 3aMaJdH IICIs MEXaHIYHOi OOpOOKH, sAKI €  IMOTEHIIHHUMHU
KOHIICHTPAaTOpaMH HaIpy>KeHb), 32 paXyHOK OCIJaHHS B HUX OKPEMHX JIpiOHUX Kpareiab TUTaHY, 10
3anummiucs micns cenapariiii. CiiacTBoM 3riiajkyBaHHs penbedy npu Ib € cyTTeBe 3MeHIIEHHS
IIOPCTKOCTI MmoBepxHi Ra - 33 1,26 10 0,23 MxMm.

3 BUKOPHUCTAHHSAM METOAY PO3paxyHKy CEpeIHBOT0 KOHTAKTHOTO THCKY JAJISl KOXKHOI TOUKU
JiarpaMu HaBaHTa)KEHHS MPH 1HJCHTYBaHHI OyJia BU3HAY€HA HAHOTBEPIICTh TOHKOT'O TIOBEPXHEBOTO
mapy. Ha camiit moBepxHi 3apeectpoBana HaHoTBepaicTh 11 I'Tla, Ha rmu6uni 30 HM BOHA Pi3KO
smenmmiacs 1o 5 I'Tla, a 1ani MOHOTOHHO 3HMKYETHCS, 1 HAOIMXKAETHCS 10 BUXITHOTO 3HAYEHHS
2,7 I'Tla Ha rimm6uHi 1o 100 HM.

3 METOI JOCHIIUTH 3MIHM CTaHy JyK€ TOHKOTO HaHOPO3MIPHOTO MOIU(IKOBAHOTO
MMOBEPXHEBOTO IIapy Ha JAeopMalliifHy MOBEAIHKY 3pa3KiB Ta XapaKTep pyHHYBaHHs OYyJIU TPOBEACH1
BUTNIPOOYBaHHs Ha po3TAr. KinbKiCHI 3HaYeHHSI OKAa3HUKIB MEXaHIYHHUX BJIIACTHBOCTEH HaBE/ICHI B
Tabymmi 1.

Tabmums 1— MexaHiuHI XapaKTepUCTUKH 3pa3KiB 31 ctaji 20
miciis pi3HOi 00poOKH

Cran os, MIla 60,2, MIla Sk, MIla | 5, % |y, % | HV 5/15
Binman 445 230 910 31 58 | 130-133
Bingnan + Ib 515 290 1010 31 60 | 129-133
Hlap 3usATHI 440 230 905 30 60 | 128-132

PesynbraTtu cBiguaTh, 1110 Ib moBepXxHi MOMITHO Mi/IBUIIYE MOKA3HUKU MIIHOCTI (05 Ha 16 %
1602 Ha 26 %) 1 mpu IbOMY 3MEHIIIY€ BIPOTAHICTh KPUXKOTO PyHHYBaHHS, OCKUIBKH 30€pIratoThCst
BUCOKMM TIOKa3HHUK Sk (JifiCHE HampyXeHHs pYyHHYBaHHSA) 1 XapaKTePUCTUKU IJIACTUYHOCTI.
MiKpOTBEpAICTh 3aIUILAETHCS HE3MIHHOIO, TOOTO Ha TTIMOMHI MPOHUKHEHHS 1HAEHTOpa (aJMa3HOi
nipamign Bikkepca) 3MillHEHHST He peecTpyeThes. Ilicns BuaaneHHs MOAM(IKOBAHOTO Iapy
BJIACTMBOCTI MOBEPTAIOTHCS A0 BUXiAHOTO cTaHy (6e3 Ib). [Tpsimumu excriepMeHTaMu JI0BE/IEHO, 1110
HaeTbcs He PO 3MiHY BIaCTHBOCTEH MaTepiaiy, a mpo iHIIy AedopMalliiiHy MoBeAiHKY 3pa3Ka.

BucHoBku

3MiHM TMOBEAIHKM 3pa3KiB, ski miuisiranu Ib, 1 ix BmacTuBOCTEN MpH PO3TATaHHI MOXHA
MOSICHUTH ~ TUM, L0 B JAyX€ TOHKOMY MOJU(}IKOBAaHOMY Imapi 13 CyOMIKPOKpHUCTaTIUHUM
(HAaHOPO3MIPHMM) 3E€pHOM HE MOXKE peai3yBaTUCS TUCIOKAIMHUNA MeXaHi3M IUIaCTUYHOI
nepopmarii 1 3MIHIOETbCSI Ha O€3IUCIOKALIMHUNA MeXaHI3M Cy03epeHHOro MpPOKOB3YBaHHS 1
porariitnux moz. IloBepxHeBuii map € OUIBII PyXOMHUM, Mae OUIbIIy AedopMalliiiHy 37aTHICTh B
MOPIBHSIHHI 13 OCHOBHHM METaJiOM, 1 TOMY B Tl BHUpPOOY IiJ] HaBaHTAXEHHSIM IPOIOBKYETHCS
wiactuuHa Tevis. J[o Toro ik «3aiikyBaHHsS» Je(eKTiB (3MEHIIEHHs YHClla KOHIIEHTPATOpiB
HaTpy>KeHb 1 MOB SA3aHOTO 3 HUMH OKPHXYYBAaHHS METay) TaKOX MPOIOBXKYE MPYKHO-TUTACTUIHY
CTaJIiI0 PH PO3TATY TBepAOro Tina. Ib MoxkHa po3risaaT sk caMocTiiiHy 0OpoOKy [UIs MiIBUILICHHS
KOHCTPYKTHBHOI MIITHOCTI Ta HaAiiHOCT1 BUp0oOiB. EdexT 3MiliHeHHs npu 30epekeHH] I1aCTUYHOCTI
BUPOOY MiJ BIUIMBOM CTaHy Ta TOBIIMHH TOHKOTO MojudikoBaHoro Ib moBepxHeBoro mapy mae
3HAYHUH NPaKTUYHUI 1HTEpeC
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