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AHoOTANIA

bapcyk  A. C. TIpo€eKTHO-€KCTIEPUMEHTAIBHUN MiAXig B  po3poOIl
TEXHOJIOTIYHUX 3aXO/IB MIJBHUIINCHHS 3HOCOCTIMKOCTI YaByHY IS BUJIMBKIB, IIIO
IpalioTh B yMoBax aOpasuBHoro tepTs. KpamidikamiiiHa HaykoBa mpals Ha
paBax PyKOIUCY.

Huceprariist Ha 3100yTTS HAayKOBOro cTymeHs jgoktopa ¢imocodii (PhD) 3a
cunemianpHicTiIO 136 — Mertanypris. — HarioHanpHUI TEXHIYHMNA YHIBEPCHUTET
“XapKiBChbKUMU MOMITEXHIYHUM THCTUTYT , XapkiB, 2026.

Huceprariiina po0OoTa MNPUCBSIYEHA BUPINICHHIO AaKTyaJlbHOI HAyKOBO-
TEXHIYHOI 3aJayl, IMOB'SI3aHOI 3 PO3POOKOI0 MPOEKTHO-EKCIEPUMEHTAIBHOIO
MIJIX0Y CTOCOBHO TEXHOJIOTTYHHMX 3aXOJIB ITABUILECHHS 3HOCOCTIMKOCTI YaBYHY
JUTSl BWIMBKIB, 1110 TPALIOIOTh B YMOBax aOpa3uBHOIO TEPTH.

06’exkm OocnioxcenHsi — 4YaByH IJis BWIMBKIB, IO MPALIOIOTh B YMOBax
abpa3uBHOIO TEPTH.

Ilpeomem Oocniodicenns — ONTUMAIBHUI CKJIaJ YaBYHYy Ta JIETYOYl
KOMILJIEKCH, 10  3a0e3MeuyloTh  MaKCHUMaJbHI  3HAUYE€HHS  KOe(iIleHTy
3HOCOCTIMKOCTI, TBEPAOCTI, MEX1 MIITHOCT1 HA PO3PUB, YJIapHOi B’ SI3KOCTI.

Memoto oucepmayitinoi po6omu € po3poOKa MPOEKTHO-EKCIIEPUMEHTAIBHOTO
MIJIX0Y B PO3pOOIl TEXHOJOTTYHUX 3aX0/iB IIIBUIICHHS 3HOCOCTIMKOCTI YaBYHY
JUTS BUJIMBKIB, IIIO TMPAIIOIOTh B YMOBaX aOpa3WBHOTO TEPTS, HA OCHOBI CHHTE3Y
ONTUMAJIbHUX XIMIYHUX CKJIaJIB YaBYHY Ta IMOJAJIBIIOT MPAKTUYHOI peasizailii
BI/IMOBIAHUX TEXHOJOTTUHHUX PillICHb.

VY 6cmyni OOTPYHTOBAHO aKTyaJbHICTh MPOOJEMH, MOB’S3aHOI 3 THUM, IO
BUMOTH JI0 CIUIaBIB, SIKI BUKOPHUCTOBYIOTHCS B MAIIMHOOYIYyBaHHI, TUKTYIOTHCS
eKCIUTyaTal[iiHIMH yMOBaMH 3aCTOCYBaHHS Je€Tajieil, BUTOTOBJICHHUX 3 TaKHUX
CIUIAaBIB 1 cepell BUJIMBKIB ISl MAIIMHOOYTyBaHHSI MOXKHA BUAUIMTA OKPEMO TaKi,
SK1 TPAIfOI0Th B yMOBaX IHTEHCHBHOTO TEpTs, 30KpeMa a0pa3uBHOTO TEPTH.

[IpuknagamMu Takux BWIMBKIB € JIONATKU 3MIIIyBayiB Pi3HOTO (YHKIIOHAJIBHOTO
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MPU3HAYEHHS, K1 IIBUJKO 3HOLIYIOTHCSA, 10 TOTPEOYE TOCHIIKEHb, CIIPSIMOBAHUX
a T1JBUIICHHS 3HOCOCTIMKOCTI YaBYHY JJISI TAKUX BUJIUBKIB.

Y nepwiomy po3dini MOCTIIKEHO aKTyallbHI HAyKOBO-TEXHIYHI 3aBIIaHHS,
NOB'A3aHI 3 3arajJbHUMU MIAXOAAMHU Ta HANpPSIMKaMU TIOLIYKY pIlIeHb 1010
3aXOJIIB MiJBUILIEHHS 3HOCOCTIMKOCTI YaBYHY ISl BHJIMBKIB, IO MPAIIOIOTh B
yMOBax abpa3uBHOTO TEPTSI.

VY opyeomy po30ini BU3HAUEHO 3aKOHOMIPHOCTI BILIMBY XIMIYHOI'O CKJIaay
3HOCOCTIMKOIO YaBYHY Ha MEXY MIITHOCTI Ta KOE(IIli€HT 3HOCOCTIMKOCTI IIISTXOM
po3po0Ka MaTEMaTUYHUX MOJIEIECH «CKJIaA-BIACTUBOCTI» JUIsI MEXI MIIIHOCTI Ta
Koe(DIiliEHTY  3HOCOCTIMKOCTI, Ta BHU3HAYEHHSM HANpsAMiB  MPAKTUYHOTO
BUKOPUCTAHHA MOJENIEeH JUIsi MEXlI MINHOCTI 4YaByHYy Ta Koe(ilieHTy
3HOCOCTIMKOCTI B paMKax IMpPO€EKTHO-EKCIepUMEHTaNbHOro miaxony. IlpoBeneHo
AKICHUI aHal13 CHHTE30BAHOIO YaBYHY MO KOE(DILIEHTY 3HOCOCTIMKOCTI.

Y mpemvomy po30ini BU3HAUCHI HANPAMKH JIETYBaHHS  3HOCOCTIHKOTO
YaByHY IIJIIXOM BUSBJICHHS BIUTUBY Ha TBEPJIICTh 3HOCOCTIMKOTO YaBYHY MPOIIECY
JeTyBaHHS THTAaHOM Ta BUSBICHHS BIUIMBY KOMIUIEKCHOTO  JIETYBaHHS
3HOCOCTIWKOTO YaBYHY TUTAaHOM Ha OOPOM Ha yJapHy B’ A3KicTh. Bu3HaueHO BIUIMB
BaHaait0o Ha TBepAicTh KoMmruiekcHoro Cr-Ni-Ti-Cu uaByny. Ilokazano, 110
BU3HAYMBIIM KUIBKICHO BIUIMB OOpaHUX BapiaHTIB JIETYBAaHHS Ha MOKa3HUKHU
3HOCOCTIMKOTO YaByHY, MOKHA ONTUMI3YBAaTH XIMIYHUN CKJIAJ, LLIECIIPSIMOBAHO
peryJioroul  BJIACTMBOCTI YaByHY, HacamIiepes] TBEpAOCTi, SIK OCHOBHOI
BJIACTUBOCTI, 1110 (POPMY€E 3HOCOCTINKICTD.

Y uemeepmomy poszOini BupilieHa 3ajada OINTHUMI3AIii XIMIYHOTO CKJIamy
3HOCOCTIMKOTO YaBYHY, JIJIsl YOTO OOpaHO Ta OOTPYHTOBAHO MaTeMaTHUYHUH amapar,
KM MOKYTh OYTH BHSIBJICHI HalKpallll BaplaHTH XIMIYHOTO CKJIaJy 3 TOUKH 30pY
BIUIMBY Ha TMOKAa3HUKHU 3HOCOCTIMKOro 4aByHy. llokazaHo, mo [js onTuMizarii
XIMIYHOTO CKJIaAy 3HOCOCTIMKOTO YaBYHY BapTO BHUKOPHCTOBYBATH JIBa METOJIU:
KaHOHIYHE MEePETBOPEHHSI TIOBEPXHI BIATYKY Ta IpeOCHEBHI aHali3, TOMY 110 BOHU
JIO3BOJIAIOTh aHAJI3yBaTH TOBEPXHIO BIJITYKY Ha MPEIMET IMOBEIIHKUA BHXIJIHHUX

3MIHHHUX NpU pPycCl BiA LEHTPY IUIaHy ekcriepuMmeHty. [Ipu npoMy MOXyTh OyTH
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BU3HAUYEHI €KCTpeMyMH (DYHKIIi, 1110 OMUCY€E BUXIAHY 3MIHHY, @ TaKOX JIOKaJIbHI
ONTUMYMH 3 ypaxyBaHHSM OOMEXKEHb, IO HAKIAJalOThCS Ha BXITHI 3MiHHI.
Takumu 0OMeKEHHSIMH MOKYTh OyTH MEXi 00J1aCTi BapitoBaHHS BX1IHUX 3MIHHUX.
BukopucTaHHSIM Takux METOJIIB BMKOHAaHAa ONTUMI3AIliSl CKJIATy 3HOCOCTIMKOTO
YaByHY 3a KPUTEPISIMU TBEPIOCTI Ta KOE(Iili€HTY 3HOCOCTIMKOCTI, a TaKOX 3a
KPUTEPIAMHA MEX1 MIITHOCTI Ta YAapHOI B A3KOCTI.

VY n’amomy po30ini BAKOHAHO pO3POOKY TEXHOJOTTUHHUX 3aXO/I1B IT1IBUIIICHHS
3HOCOCTIMKOCTI YaBYHY JAJisi BUJIMBKIB, IO MPALIOIOTh B yMOBax aOpa3vBHOTO
TepTs. I 1pOro 3ampoNOHOBaHI HaNpsSMKH BHOOpY palllOHAJbHUX JETYHOUHMX
KOMIUIEKCIB, 110 0a3ye€Thcs HAa BU3HAYEHHI SKICHOTO BIUIMBY KOXKHOIO JIETYIOUOTO
€JIEMEHTY Ha BJIACTUBOCTI 4aBYHY, SIKUMH oOpaHo TBepaicTh (HRC), xoedimieHT
3HOCOCTIMKOCTI (K,r), MeXa MIIHOCTI Ha po3TAr (0p), ylapHa B’SI3KICTh (ap).
OmnucaHo TEXHOJIOTII0 BUIUIABKM KOMIUIEKCHO JIETOBAHOTO 3HOCOCTIMKOTO YaByHY
JUIS JIOTAaTOK ac(aabTO3MINIyBadiB Ta MPEICTABICHO pe3yJIbTaTH BHU3HAUYCHHS
XIMIYHOTO CKJIaay, MIKPOCTPYKTYPH Ta TBEPAOCTI OOPOXPOMOHIKEIEBAHA 1€EBOTO
yaByHy. [loka3zaHo, 110 KOMIUIEKCHE JIETyBaHHS, 1[0 0a3yeThCcsi HAa TMOE€AHAHHI
rpadiTH3y0unX Ta KapO170yTBOPIOIOYNX CJICMEHTIB B CKJIaIl
OOpPOXPOMOHIKEIEBAHAIIEBOTO YaByHY JUISt BUT'OTOBJICHHS JIOTIaTOK
ac¢anabTo3MIIIyBaviB 3a0€3Meuy€e MOXIUBICTE OTPUMAHHS YaBYHY 3 TBEPHICTIO B
Mmexkax HRC49—-HRCS1.

Y sucHoeékax HaBeIEHO OCHOBHI pe3yJbTaTH HAYKOBOi POOOTH IIOA0
BUPIIICHHS TOCTABJIEHUX HAYKOBUX 33]a4 JOCI1I>KEHHS.

3a pesynbmamamu 00CiOHCEHHI OMPUMAHO MAKI HAYKOGI pe3yIbmamu.

— Bnepme no0OynoBaHo wmatematnuHy Mozenb 6,=1i(C; C.; Ti), mo
JI03BOJIsSI€E BU3HAUNTH MOBEAIHKY MEXKI1 MILIOCTI HA PO3TATyBaHHS YaBYHY MpPH 3MiH1
BMICTy BYTJICIIO Ta BYTJICIIEBrO €KBIBAJICHTY YaBYHY 3a Pi3HOTO JIETYBaHHS HOTO
TUTAHOM Ta ONTHUMI30BAHO XIMIYHUN CKJIaJl YaBYHY 3a KpPHUTEpPIEM MaKCUMI3allii
MeEX1 MIIIOCTI Ha PO3TATYBaHHS.

— Brnepme noOynoBano Marematnuny Monaenb K —=hH(C; Ce; Ti), mo

JI03BOJISIE BU3HAYUTH TOBEIIHKY KOE(QIIIEHTY 3HOCOCTIMKOCTI YaByHY IMpH 3MiH1
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BMICTY BYIJICIIO Ta BYIJICLIEBIO €KBIBAJICHTY YaBYHY 3a PI3HOIO JIETyBaHHS HOTO
TUTAaHOM Ta ONTHUMI30BaHO XIMIYHHMH CKJaJ 4YaBYyHY 3a KpUTEpPIEM MaKcHUMI3aIlli
Koe(DIiieATY 3HOCOCTIHKOCTI.

— Bnepme noOynoBano maremarnydy Mmonaenb HRC=f(C; C. Ti), mo
JI03BOJISIE BU3HAYUTH MOBEAIHKY TBEPAOCTI YaBYHY MPH 3MiHI BMICTY BYIJICILIO Ta
BYTJICIIEBIO €KBIBAJIEHTY YaBYHY 3a pI3HOTO JIETyBaHHS MOro THTaHOM Ta
ONTUMI30BaHO XIMIYHUHN CKJIa/l YaBYHY 3a KPUTEPIEM MaKCHUMI3allil TBEPOCTI.

— Bniepmie no6ynoBano matrematuuny Mojenb ay=f(C; Ceq; Ti), 110 103BOIISE
BU3HAYMUTH TOBEIHKY yJAapHOI B’S3KOCTI YaBYHY MpPU 3MiHI BMICTY BYTJIEIIO Ta
BYTJICLIEBOTO €KBIBAJEHTY YaBYHY 3a pI3HOIO JIETYBaHHS IOro TUTaHOM Ta
ONTHMI30BaHO XIMIYHHUWA CKJIaJ] YaBYHY 3a KPUTEpIEM MakKCUMI3alli yJIapHOi
B’SI3KOCTI, a TaK0X BU3HAYEHO OCOOJMBOCTI BIUIMBY Ha YJapHY B SA3KICTh
CYMIIIEHOTO JIETYBaHHS YaBYHY TUTAaHOM Ta OOPOM.

— 3HalllulM NOAAJBIIMK PO3BUTOK HANpPSIMKUA BUOOpPY pallOHATBHUX
JETYI0YMX KOMIUIEKCIB 3 ypaxyBaHSM pI3HOTO BIUIMBY JIETYIOUMX €JIEMEHITB Ha
BJIACTUBOCTI 3HOCOCTIMKOTO YaBYHY.

— 3HalluIM NOJaNbIIMN PO3BUTOK TEXHOJIOTIS BUTOTOBJIEHHS KOMIUIEKCHO
JIETOBAHOIO YaBYHY JUIsl JIONATOK ac(aabTO3MILITyBayviB.

IIpakmuune 3HauenHs OMPUMAHUX Pe3VTbINAMIE NOJIA2AE 8 HACMYNHOMY:

— HaJIaHO TMPaKTUYHI PeKOMEHAaIlii i1 KOHCTPYKTOpIB IO Tia0opy
XIMIYHOMY CKJIaJly YaBYHY, SIKMI Ma€ 3a0e31euyBaTi BUMOTH 110 MEX1 MILIHOCTI Ha
pO3pHB, Ta JUIsl TEXHOJIOTIB MO PAIllOHAIIBHOMY CKJIaay IIUTH Ta MiAOOPY TaKUX
pEKHUMIB JIETYBaHHS 4YaByHY THUTaHOM 3a OOpaHOTO0 TEXHOJIOTaMH XIMIYHOTO
CKJIaJly YaBYyHY, sIK1 3a0€3MeUyI0Th MAKCUMYM MEK1 MIITHOCTI YaBYHY;

— HAJAHO TPAKTHYHI PEKOMEHJAIlli Mo 3a0e3MeUYCHHI0 BUCOKUX 3HAYCHb
3HOCOCTIMKOCTI 4YaByHY JIJIi BUTOTOBJIGHHS JieTajel, SKi MpaliolTh B YMOBax
IHTEHCUBHOT'O a0pa3WBHOIO TEPTH, 3aBASKMA ONTUMI3AIlT XIMIYHOTO CKJIaay YaBYHY
M0 KPUTEPII0 MakCMMyMy Koe(dimieHTa 3HOCOCTIMKOCTI, 3 MOKIIMBICTIO
BaplaTUBHOIO BUOOPY palllOHATBHOTO PEXUMY KOPUTYBAHHSI BMICTY KPEMHIIO Ta

MapTaHIIio IUIIXO0M BBEJEeHHS (hepOoCHITiIiio Ta epoMapraHiis;
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— HaJlaHO METOJIMKY BUOOPY pallloHaJbHUX BapiaHTIB MMiABUIIEHHS TBEPOCTI
YaBYHYy JJI JeTajledl TUIy «JIONAaTKU 3MIIIyBayiB», MOBEPXHI SKUX MIIJAIOTHCS
IHTEHCUBHOMY TEpTIO 3 OOKy aOpa3WBHUX €JIEMEHTIB, NUIIXOM KOMOIHOBAaHOTO
JETyBaHHS YaByHY TUTaHOM Ta BBEACHHs (pepocIuiaBiB, 110 BIUIMBAIOTH SK HA
nporiec rpadiTu3alii, Tak 1 Ha mpouec KapOiT0yTBOPEHHS;

— HaJlaHO METOAMKY BHUOOpY XIMIYHOTO CKJIaJy 3HOCOCTIMKOTO YaBYyHY IS
JeTaed, 10 MpalioloTh B YMOBax aOpa3WBHOTO TepTs, SKUH Moxe OyTu
BUKOPHUCTAHUHU I PO3PAaXyHKY Ta ONTHUMI3AI] MIUXTH 3a KPUTEPISIMU BUTPAT Ha
HIMXTOBl MaTepiail Ta OAHOYACHOTO 3a0e3MeyYeHHs] KOMIUIEKCY BHUMOTI 10
MEXaHIYHUM BJIACTHUBOCTSIM YaByHy — ab0 TBepAocTi, abo MexXi MIIHOCTI Ha
PO3pUB, KOEPILIEHTY 3HOCOCTIMKOCTI Ta yAAPHOI B’ A3KOCTI;

— HaJaHI MPaKTUYHI PEKOMEHJAIlll MO JIETYBaHHIO YaBYHY OOpOM, XpOMOM,
HIKEJIEM, BaHaJ1€M, BUKOHaHHS SKUX 3a0e3Medye IiJIBUIIECHHS TBEPAOCTI YaBYHY
Ta 3HOCTIMKOCTI 1, BIJNOBIAHO, EKCIUTyaTallHONO pecypcy  JIOMATOK
ac¢aabTO3MIIITyBaYiB;

— OTpUMaHI B AMCepTaliiiHiii poOOTI pe3yJabTaTh MOXKYTh OyTH BIPOBAIKEHI
B JIMBAPHHX II€XaX MaITMHOOYXIBHUX I1IIIPHUEMCTB.

3a pe3yJibTaTaMH JOCHIIKEHHS MIATBEPIKEHO NPAKTUYHY Ta TEOPETHYHY
IIHHICTh PO3POOJICHOTO MPOEKTHO-EKCIEPUMEHTAIBHOTO TIIX0Iy B PpO3poOIlli
TEXHOJIOTIYHUX 3aXOJIIB IIJBHIINCHHS 3HOCOCTIHKOCTI YaByHY /IS BUJIMBKIB, IO
IpaIol0Th B yMOBax a0pa3uBHOrO TEPTS, HAIAHO MPAKTUYHI PEKOMEHalli 1010
BHOOPY JIETYIOUMX €JIEMEHTIB, BIAMOBITHO HEOOXITHOTO BMICTY BYTJICHIO Ta
BYTJICLIEBOTO €KBIBAJICHTY 3a/JIsi OTPUMAHHS 3HOCOCTIMKOIO YaBYHY Ui JIOTIATOK
3MiIIyBayiB, SIKI MPAIlOIOTh 3a YMOB a0pa3WBHOIO TEPTS, a TAKOX PO3TISTHYTO
NEPCIIEKTUBH MOAAIBIIONO PO3BUTKY JOCIIIKEHHS.

Knrouosi cnosa: 3HOCOCTIMKICTH 4YaByHY, aOpa3uBHE TepTs, JIETyBaHHS,
JIETYI0Yl €JIEMEHTH, BYTJICLICBUN EKBIBAJICHT, MEXaHIYHI BJIACTUBOCTI, TBEPJICTh,
KOoeQILI€HT 3HOCOCTIMKOCTI, yapHa B’A3KICTh, JIOMATKU 3MIIIyBayiB, 1HAYKLIHHA
IJ1aBKa, MIKPOCTPYKTYPa, JIUTTS, CTPYKTYpPHI Ta (pa3oBl XapakTepUCTUKHU, (pa30BUi

CKJaJa, XIMIYHMM CKJaja, 3HOCOCTIMKa CTpPyKTypa, KapOiid THUTaHy, CTIHKICTh
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JeTanei, 110 MpallTh B yMOBaX aOpa3sMBHOTO 3HOIIYBAaHHS, 3HOCOCTIHKI

IIOKPHUTTS, IIOBCPXHCBC 3MiHHeHHH.

ABSTRACT

Barsuk A. S. Design-experimental approach in the development of
technological measures to increase the wear resistance of cast iron for castings
operating under abrasive friction conditions. Qualification scientific work in the
form of a manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) in specialty 136 —
Metallurgy. — National Technical University “Kharkiv Polytechnic Institute”,
Kharkiv, 2026.

The dissertation is devoted to solving a topical scientific and technical
problem related to the development of a design-experimental approach to
technological measures to increase the wear resistance of cast iron for castings
operating under abrasive friction conditions

The object of the study is cast iron for castings operating under abrasive
friction conditions.

The subject of the study the optimal composition of cast iron and alloying
elements that ensure maximum values for wear resistance, hardness, tensile
strength, and impact toughness.

The aim of the dissertation is to develop a design-experimental approach in
the development of technological measures to increase the wear resistance of cast
iron for castings operating under abrasive friction conditions, based on the
synthesis of optimal chemical compositions of cast iron and the subsequent
practical implementation of relevant technological solutions.

The introduction substantiates the relevance of the problem, which is related
to the fact that the requirements for alloys used in mechanical engineering are
dictated by the operating conditions of parts made of such alloys, and among

castings for mechanical engineering, one can distinguish those that operate under
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conditions of intense friction, in particular abrasive friction. Examples of such
castings are mixer blades of various functional purposes, which wear out quickly,
which requires research aimed at increasing the wear resistance of cast iron for
such castings.

The first chapter examines current scientific and technical tasks related to
general approaches and directions for finding solutions to measures to increase the
wear resistance of cast iron for castings operating under conditions of abrasive
friction.

The second chapter determines the patterns of the influence of the chemical
composition of wear-resistant cast iron on the tensile strength and wear resistance
coefficient by developing mathematical models of "composition-property" for the
tensile strength and wear resistance coefficient, and by determining the directions
of practical use of models for the tensile strength of cast iron and wear resistance
coefficient within the framework of the design-experimental approach. A
qualitative analysis of the synthesized cast iron by the wear resistance coefficient
was carried out.

The third chapter determines the directions of alloying wear-resistant cast iron
by identifying the influence of the titanium alloying process on the hardness of
wear-resistant cast iron and identifying the influence of complex alloying of wear-
resistant cast iron with titanium and boron on impact toughness. The influence of
vanadium on the hardness of complex Cr-Ni-Ti-Cu cast iron is determined. It is
shown that by quantitatively determining the influence of selected alloying options
on the performance of wear-resistant cast iron, it is possible to optimize the
chemical composition, purposefully regulating the properties of cast iron, primarily
hardness, as the main property that forms wear resistance.

The fourth chapter solves the problem of optimizing the chemical
composition of wear-resistant cast iron, for which a mathematical apparatus is
selected and justified, which can identify the best options for the chemical
composition from the point of view of the impact on the indicators of wear-

resistant cast iron. It is shown that two methods should be used to optimize the
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chemical composition of wear-resistant cast iron: canonical transformation of the
response surface and comb analysis, because they allow analyzing the response
surface for the behavior of the output variables when moving from the center of the
experimental plan. In this case, the extrema of the function describing the output
variable can be determined, as well as local optima, taking into account the
restrictions imposed on the input variables. Such restrictions can be the boundaries
of the range of variation of the input variables. Using such methods, the
composition of wear-resistant cast iron was optimized according to the criteria of
hardness and wear resistance coefficient, as well as the criteria of ultimate strength
and impact toughness.

The fifth chapter developed the technological measures to increase the wear
resistance of cast iron for castings operating under abrasive friction conditions. For
this purpose, directions for choosing rational alloying complexes are proposed,
which is based on determining the qualitative influence of each alloying element
on the properties of cast iron, which are selected for hardness (HRC), wear
resistance coefficient (Kwr), tensile strength (ob), impact toughness (an). The
technology for melting complexly alloyed wear-resistant cast iron for asphalt
mixer blades is described and the results of determining the chemical composition,
microstructure and hardness of boron chromium nickel vanadium cast iron are
presented. It is shown that complex alloying, based on a combination of
graphitizing and carbide-forming elements in the composition of boron chromium
nickel vanadium cast iron for the manufacture of asphalt mixer blades, provides the
possibility of obtaining cast iron with a hardness within HRC49—-HRC51.

The conclusions present the main results of scientific work on solving the
scientific problems of the study.

The following scientific results were obtained as a result of the study:

For the first time, a mathematical model o,=fi(C; C.; Ti) has been
constructed, which allows determining the behavior of the tensile strength of cast

iron when changing the carbon content and carbon equivalent of cast iron with
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different alloying with titanium, and the chemical composition of cast iron was
optimized according to the criterion of maximizing the tensile strength.

For the first time, a mathematical model K.,=f,(C; C.; Ti) has been
constructed, which allows determining the behavior of the wear resistance
coefficient of cast iron when changing the carbon content and carbon equivalent of
cast iron with different alloying with titanium, and the chemical composition of
cast iron was optimized according to the criterion of maximizing the wear
resistance coefficient.

For the first time, a mathematical model HRC=f(C; C.; Ti) has been
constructed, which allows determining the behavior of the hardness of cast iron
when changing the carbon content and carbon equivalent of cast iron with different
alloying with titanium, and the chemical composition of cast iron was optimized
according to the criterion of maximizing hardness.

For the first time, a mathematical model a,=f(C; C.q; T1) has been developed,
which allows determining the behavior of cast iron’s impact toughness as the
carbon content and carbon equivalent of the cast iron vary under different titanium
alloying conditions, and the chemical composition of the cast iron has been
optimized to maximize impact toughness, and the specific effects of combined
titanium and boron alloying on the impact toughness of cast iron have been
determined

Further research has been conducted on the selection of optimal alloying
systems, taking into account the varying effects of alloying elements on the
properties of wear-resistant cast iron.

The technology for producing complex-alloyed cast iron for asphalt mixer
blades has been further developed.

The practical significance of the results obtained is as follows:

— Practical recommendations are provided for designers on selecting the
chemical composition of cast iron to meet tensile strength requirements, and for

process engineers on the optimal composition of the charge and the selection of
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titanium alloying conditions for the cast iron composition chosen by the process
engineers, which ensure maximum tensile strength of the cast iron;

— practical recommendations are provided for ensuring high wear resistance in
cast iron used to manufacture components operating under conditions of intense
abrasive friction, achieved by optimizing the chemical composition of the cast iron
to maximize the wear resistance coefficient, with the possibility of flexibly
selecting an optimal adjustment regime for silicon and manganese content by
adding ferrosilicon and ferromanganese;

— a methodology is presented for selecting optimal approaches to increasing
the hardness of cast iron for components such as “mixer blades,” whose surfaces
are subjected to intense friction from abrasive elements, through the combined
alloying of cast iron with titanium and the addition of ferroalloys that influence
both the graphitization process and the carbide formation process;

— a methodology is provided for selecting the chemical composition of wear-
resistant cast iron for components operating under abrasive friction conditions,
which can be used to calculate and optimize the charge composition based on the
cost of raw materials while simultaneously meeting a set of requirements for the
mechanical properties of the cast iron—either hardness or tensile strength, wear
resistance coefficient, and impact toughness;

— practical recommendations are provided for alloying cast iron with boron,
chromium, nickel, and vanadium; following these recommendations increases the
hardness and wear resistance of the cast iron and, consequently, extends the service
life of the blades in asphalt mixers;

— the results obtained in this dissertation can be implemented in the foundries
of machine-building enterprises.

The results of the study confirmed the practical and theoretical value of the
developed design-experimental approach in the development of technological
measures to increase the wear resistance of cast iron for castings operating under
abrasive friction conditions, practical recommendations were given on the choice

of alloying elements, respectively the required carbon content and carbon
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equivalent to obtain wear-resistant cast iron for mixer blades operating under
abrasive friction conditions, and the prospects for further development of the study
were also considered.

Keywords: wear resistance of cast iron, abrasive friction, alloying, alloying
elements, carbon equivalent, mechanical properties, hardness, wear resistance
coefficient, impact toughness, mixer blades, induction melting, microstructure,
casting, structural and phase characteristics, phase composition, chemical
composition, wear-resistant structure, titanium carbides, durability of parts
operating under abrasive wear conditions, wear-resistant coatings, surface

hardening
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