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®i3nKo-TeXHONOrYHWIM IHCTUTYT MeTanis Ta cnnasis HAH Ykpainn, Knis

Jocniootceno ennue nepecpigie po3nnagy HAO PIBHOBANCHUM JIKGIOYcOM 6 iHmepaani
memnepamyp 1570 °C — 1670 °C ma weuoxocmi 1020 0XON00dCEHH ni0 uac Kpucmanizayil
i cmpykmypoymeopenHs SUIUSKI6 HA QOPMYSAHHS NPOMANCHOCMI | MOpgonocii 0CHOGHUX
MAKpOCMPYKMYPHUX 30H, OUCNEPCHOCHI 3epHd, Xapakmepucmuk MmMOHKOI KpUcmaniyHoi 6y0oasu,
meepoicme ma IHMeHCUBHICMb abpa3UuBHO20 3HOULYBAHH NO nepepisy eunugkie cmani 25J1 3
oughepenyitiosanoo aumor0 cmpykmyporw. Bcmanosneno 3aKoHOMIpHI 3MIHU Yux NOKA3HUKIG
3A/1eXHCHO 80 MepMOKIHemuyHuxX yMo8 Kpucmanizayii. I1okazano eusHavansHuil 6Niu8 weUOKoCmi
OXONOOACEHHS PO3NAABY HA MOPPONO2ilo | OUChepCHicmb TUmMoi CIMPYKMypu, 3YMOGIEHOI pisHUM
CIMYneHem Nepeoxono0dCeHHst po3nnagy npu Kpucmanizayii pisHux cmpyKmypHUx 30H GUIUEKIE.
I1o mipi giooanenHs i0 WBUOKO OXON00AHCYBAHOI NOBEPXHI BUNUBKIB | 3 8PAXYBAHHAM NIOGUUYEHHS
memnepamypu nepeepigy posznnagy 6io 1570 °C oo 1670 °C posmip 3epua 3miHloemuvcs 6i0
5...7 Homepa 00 1...2 Homepa 6ionosiono. B pazi nHopmanvnoi weuokocmi mennogiobopy npu
Kpucmanizayil poamip 3epHa y GUIUGKAX 3MiHIOEmMbCA 6i0 4...2 00 -1...-2 Homepa. Buznaveni
XapaKkmepucmuky 3HOCOCMIKOCMI CImaii 8 pi3Hux CMpPYKNYpHUX 30HAX KOpeniowms i3 3MiHamu
Xapakmepucmuk jumoi cmpykmypu i Miypocmi no nepepisy eunuskie. Pesynomamu 00cnioxceHs
GIOKpUBAIOMb NEPCNEKMUBY PO3POOIEHHST HOBUX JUBAPHUX MEXHONO2IN BUCOMOBIECHHS JIUMOL
npooykyii 3 ougpepenyiiiosanumu Haneped 300AHUMU GIACMUBOCMAMU OJi CHEYiaIbHUX YMOG
ekcnayamayil.

Knwwuogi cnosa: posnnas, epadicHmuicmes, Cmpykmypa, CmpyKnypHi 30HU, 3HOULYBAHHSL.

pY BUPOOGHMIITBI JIUTOI TPOAYKINT MAamMHOOYAyBaHHS B GiJIbIIOCTI BUIIA/IKiB
y BUJIMBKaX cTasieil GopMyIoThbesl 30HHU, SIKi BiZIPi3HAIOTbCS 32 MopoJIoriero,
JIMCTIEPCHICTIO 6Y/I0BU, XiMiUHOIO i CTPYKTYPHOIO HEOHOPiAHICTIO. 3 OrJsIy Ha
e /IS TiIBUIIEHHST PiBHS i cTabiJIbHOCTI MEXaHIYHMX BJIACTHBOCTEN MO BCHOMY
06’eMy BUWJIMBKIB JIMBADHUKW HaMaraioTbcsl 3abe3neunTd (GOPMyBaHHS B HUX
OJTHOPI/THOT /IPiGHOKPUCTATIYHOI JUTOI CTPYKTYPHU 3aCTOCYBAHHSIM CIIEIliaJIbHIX
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MonudikaTopiB,  MiJIBUIIEHHSM  CTYIEeHS  HEpPeoXOJIO/KEHHS  pO3ILIaBy,
BUKOPHUCTAHHSIM Pi3HUX €HepreTMYHMX BILIMBIB Ha pPO3IJIAaB B TeMIEPATypPHOMY
intepBani kpucramisamii [1-5].

ITpoTe, B psni BUMAJKiIB CTa€ TMEePCIEKTUBHUM i JOIIJbHUM OJep>KaHHS
y BUIMBKax audepeHiiioBanux (rpajiieHTHUX) CTPYKTYp 3 BHUKOPHCTAHHSAM
MOXKJIMBOCTEN  PErjJaMeHTOBAaHOTO  OXOJIO/PKEHHS B Cy4YacHUX  JIMBAPHUX
TeXHoJIOTiUHUX Tporiecax [6-7]. Ile BigkpuBae HOBI KOHKYPEHTHi MOKJUBOCTI
BUKOPHUCTAHHS JUTUX BUPOOGIB 3 IPaJliEHTHOIO CTPYKTYPOIO /M cliellialbHUX YMOB
iX eKcryarartii.

Buxonsun 3 1poro Mertoio AaHOi po6OTH GyJI0 JOCJI/IP)KEHHS BILIUBY
TEPMOKIHETHYHKMX TapaMeTpiB Kpucrasisaiii (1leperpiBy posIuiaBy i IIBHIKOCTI
HOro  OXOJIOPKEHHSI) Ha XapaKTePUCTUKU JIMTOI CTPYKTYPH, BJIACTHBOCTI i
3HOCOCTIMKiCTh TIO Tiepepi3y BUJMBKIB cTami 23J1.

[TpsmokyThi  Busmskun  craxi (0,26 % C; 0,60 %Mn; 0,38 % Si)
posmipoM 60x60x100 MM onepskyBaJii PO3JIMBKOIO PO3ILJIABY 3 IeperpiBoM Hajl
piBHOBaxkHUM JikBigycom 10 1570 °C, 1620 °C i 1670 °C y xom6iHOBaHi JUBapHi
¢gopmu 3 pisHOIO TeIIOBiIGipHOTO 3/1aTHICTIO — MilllaHi i MiJiHi BOJIOOXOJIO/KYBaHi
(HopMaJIbHe i IBUIKICHE OXOJO/KEHHS BIiJMOBiHO) i3 3a6e3leyeHHIM
MepeBakaloyoro OHOCTOPOHHBOTO TEIJIOBIAGOPY TIpHM KPUCTAJi3allii BUJIWBKIB.
BusHaueHHS XapaKTepUCTHK CTPYKTYpH (TpaBHUK 5 % pPO3YUH HNO, B CZHSOH),
MEXaHIYHUX BJIACTUBOCTEN i BHOCOCTIMKOCTI cTaji y BHJMBKAX 3[ilCHIOBAIN
Ha 3pas3Kax BUpPi3aHUX HaA Pi3Hil BifcTaHi BiJl OXOJO/KYBaHOi IOBEPXHi [0
ru6uan 50 MM.

MertanorpacdiuHo  BCTAHOBJIEHO 3aKOHOMipHi 3Minm  Mopdosorii i
JUCIIEPCHOCTI JIMTOI CTPYKTYPM CTaji 3aJie)KHO BiJl TeMIlepaTypu IeperpiBy
PO3ILJIaBY i TeMIlepaTypHO-4aCcOBUX IIapaMeTpiB KpHUCTaJi3allii 110 BCbOMY Iepepisy
BusmBKiB (puc. 1, puc. 2).

I'pagienTHicTb Ha PiBHI MaKpPOCTPYKTYPU BUJMBKIB XapaKTepU3YETHCS
Pi3HOIO TPOTSHKHICTIO OCHOBHUX CTPYKTYPHUX 30H — KOPKOBOI TIOBEPXHEBOI
(I), croBnuacroi tpanckpuctanizaiii (IT1), posramyskennx (I11) i BeJaMKuX
pisaoocaux (IV) kpucraniB (ta6a. 1). TIiABUIEHHS TeMIIEPaTypH PO3ILIABY Y
JIOCJi/PKYBaHOMY iHTepBaJi IleperpiBiB 3yMOBJIOE 306iJbIIEeHHS TTPOTAXKHOCTI
MakpocTpykrypHux 3oH I, II i III i BigmoBiHe CKOpPOYEHHSI 30H PiBHOOCHUX
KPHUCTAJiB HE3aJeXHO BiJl YMOB OXOJIOJKEHHSI Horo npu Kpucramisamii. [Ipu
IIbOMY 3a YMOB HIBH/IKICHOTO OXOJIO/KEHHS MPOTSKHICTh MaKPOCTPYKTYPHUX 30H
I, IT i IIT 36i7bITyEThCA MPAKTUYHO B/BiYi TMOPIBHAHO i3 CTPYKTYpPOIO BUJIMBKIB
3BUYANHOTO OXOJIO/IKEHHS Ta 30epesKeHHSIM CIIiBBiIHOIIEHHS iX MPOTIXKHOCTI.

IIlo % mo0 aucriepcHOCTi JINTOI CTPYKTYPH, TO MBHJKICHE OXOJO/>KEHHS
pO3ILIaBy [pHM KpHCTali3ailii, HaBiTh 3a 3Ha4HOro WHoro meperpiBy (50 —
150 °C), 3yMOBJIIOE CYTTEBe 3MEHINEHHS PO3Mipy 3epHa IO BChOMY IMepepisy
BWJIMBKIB TMOpiBHAHO 3 BWJIMBKAMU HOPMaJabHOTO oXoJjoxenHd. Ilo wipi
Bila/leHHs BiJl IIBU/KO OXOJIO/PKYBAHOI IOBEPXHi BUJIMBKIB 1 3 BpaxyBaHHAM
i/IBUIIIEHHS TeMIlepaTypu TeperpiBy posiiaBy Big 1570 °C go 1670 °C poamip
3epHa 3MiHIOETbCA Big 5...7 Homepa g0 1...2 Homepa (JICTY 8972:2019)
BifmoBi/iHO. B pasi HOpMa/JbHOT HMIBUAKOCTI TelJOBiI00OpY TpH KpHUCTasidallii
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BigcTanb Bifi 0X0JI0MKYBAHOTO TOPIIS, MM

Puc. 1. MikpoctpykTypa no nepepidy Bunuka ctani 25J1 npu kpuctanisauii y niwjaHii dopmi 3anexHo Big
TemnepaTypu po3nnaey nepes pos3nvBkoio. a — Temneparypa posnnasy 1570 °C, 6 —1670 °C. x100.
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Puc. 2. MikpocTpykTypa no nepepisy Bunveka crani 25J1 npu kpucranisadii y MigHii BOJ00X0N0AXyBaHin hopmi
3anexHo Bij TEMnepaTypu po3nnaBy Nepes po3nunekolo. a — Temnepatypa posnnasy 1570 °C, 6 —1670 °C. x100.
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Tabnuua 1
[MpOTAXHICTE MaKpOCTPYKTYPHUX 30H y BUnuBKax crani 25J1
Temueparypa MaxkpocTpyKTypHi 30HH, MM
po3siliaBy, °C 1 11 111 v
2 26 16 26
1670
1 12 21 66
0.8 22 14 63,2
1620
0,6 9 17 73,4
1.2 16 12 70,8
1570
0,4 8 13 78,6
HpI/IMiTKaZ Ha/Jl pPUCKOIO — MIBUJAKE OXOJIO/PKCHHAI, HiL[ PUCKOIO —
HOpMaJibHE OXOJIOJPKCHHA.

po3Mip 3epHa y BUJIMBKAX 3MIiHIOETHCS Bl 4...2 10 -1...-2 HOMepa. BcranoBieni
3aKOHOMIPHOCTI 3a/I0BiJIbHO IOSCHIOIOTHCA Pi3HUMU TEPMOKIHETUUYHUMU YMOBaAMU
IIpoleciB KpUCTaaisalii i CTpPYKTypOYTBOPEHHS BUJIMBKIB B 11JIOMy Ta B Pi3HUX
MiKpoo6’eMax 1O iX Tepepidy — BiIMIHHOCTSIMM TpPaIi€HTIB TeMIlepaTypH,
CTYTIEHEM TI€PEOXOJIO/KEHHSI, YacoM 3HATTS TeperpiBy posmasy Ttomio [8]. Ile
3YMOBJIIOE 3HAUHY IPAAIE€HTHICTD JIUTOI CTPYKTYPU BUJIUBKIB He TiJIbKU Ha MaKpO-
i MakpopiBHIX, ajie il Ha PiBHI TOHKOI KpucTaaiuHoi 6yaoBu (Tabu. 2).

Tabnuuga 2
Bnnune TepMOKIHETUYHMX YMOB KpucTanisauii Ha isuyHe po3LUMPEHHSA PEHTIEHOCTPYKTYPHUX NiHiA
(110), paa no nepepisdy BunuekiB ctani 25J1

Tenmeparypa Bincranb Bif 0XONOIKYBAHOTO TOPLIS, MM
posmiasy, °C 10 20 30 40 50
1670 0,60-10% | 056-102 | 050-10%¢ | 048-102 | 0.44-102
0,38-10% | 0,34-102 | 0,30-102 | 0,24-10-2 | 0,22:102
1620 0,48-102 0,46-102 0,40-102 0,35-102 0,30-102
0,36-10% | 0,32:102 | 0,28:102 | 0,23:102 | 0,20-10-2
1570 0,42-10% | 0,38-10% | 0,33.10-2 | 0,29-102 | 0,26-102
0,30-102 0,26-102 0,22-10 0,20-102 0,18-10?
[TpuMiTKa: HAZ PUCKOIO — IMIBUAKE OXOJOKEHHS, I/l PUCKOIO — HOPMAJIbHE
0X0JT0/[KEHHS.

3a  pe3dyabraraMu  PEHTTEHOCTPYKTYPHOTO  aHaJli3y  BCTaHOBJIEHO
3aKOHOMIipHi 3MiHM NOKa3HUKiB (isuunoro posmupenns jinii (110) 1o nepepisy
BUJIMBKIB CTaJli 3aJIe3KHO BiJl eperpiBy po3IiaBy i MIBUKOCTI HOTO OXOJO/KEHHS
npu kpucranizaiii. [lokasaHo cyTTeBe TiJ[BUIIEHHS HOTO 3HaYeHb 3a YMOB
BUCOKOTO IIeperpiBy i MIBUAKICHOTO OXOJIO/KEHHS PO3ILJIABY IIOPIBHAHO 3 METAJIOM
HOpPMaJIbHOTO OXoJio/KeHHs. [Ipu 1boMy BKasaHi 3MiHM IOKa3HUKIB (isuuHOTO
PO3IIMPEHHA 110 Iepepidy BUJMBKIB IIBUJAKOTO OXOJO/KEHHS 3MiHIOIOTbCH B
Meskax 30 — 40 %, HopMasabHOrO oXoJo/KeHHs 18 — 22 %. BucoKi moKa3HUKH
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yummpenns qiniii (110) cBigyaTh Mpo MeHII PO3Mipu eJIeMeHTiB cyGCTPYKTypU —
obJiacTeil KOTePEHTHOTO PO3CilOBAHHS, 3POCTAHHS BEJWYMHU TYCTOTH JIMCJOKAITiH
1 MiKpoHaIIpy’KeHb, 110 3yMOBJIIOE Bi/IIOBi/iHE IiJABUIIECHHA TOKA3HUKIB MiIIHOCTI
craJi. Tak, TBep/licTb cTaJli TIpU MiJ[BUIIEHHI TeMIlepaTypu neperpiBy B iHTepBasi
50 — 150 °C 3a yMOB IIBHWIKOTO OXOJIO/PKEHHS PO3IJIABY 3MIiHIOETHCS Bif
130 HV no 140 HV y noBepxneBux 0o6’emax BUJIMBKIB i Big 96 HV mo 110 HV
Ha Bizcrani 50 MM. 3a HOpMaJIbHOI MIBH/KOCTI OXOJIO/PKEHHS PO3IJABy TPHU
KpHCTaJIi3ailii TBep/icTh moBepxHeBoi 30HU ctaHoBUTHh 120 —124 HV, nentpasabhoi
3onu BusmBKiB 110 HV.
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Puc. 3. 3HowyBaHHA No nepepisy BUNUBKIB cTani 25J1 3anexHo Big TeMnepaTypHO-4acoBMX YMOB KpucTanisauii.
a — Temneparypa posnnaey 1670 °C, 6 — 1620 °C, B — 1570 °C; e — LWBMAKE OXONOAXEHHSA, O — HOPManbHe
OXOMOAXEHHS.
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3Bakaouy Ha TPAIi€HTHICTb CTPYKTYPH i Bi/IMiHHOCTI TIOKA3HUKIB MillHOCTI
3aJIKHO BiJl TEPMOKIHETMYHMX YMOB KpHUCTaJisalii i CTPyKTYpOyTBOPEHHS
JOCJIIKEHO TaKoK iX BIUIMB Ha 3HOmyBaHHs (BTpaTa Macu, I') cTaji 1o mepepisy
BUJIMBKIB Bi/l 0X0JI0/>KyBaHOl moBepxHi g0 50 MM depe3 KoxkHi 10 MM.

BunpoGyBannst nposeneno Ha mamuhi Teptss JIKN-3M mno abpasuBHiii
mkypii (P120) npu mBuakocti pyxy 3paska 0,20 M,/¢ i IUTOMOMY CTaTHYHOMY
HaBaHTa)keHHi 1,85 Kr/cM? poTArom 5 XB.

BcranosJjieno CyTTEBE HiIBUIIEHHS 3HOCOCTIMKOCTI HIBUIKO
OXOJIO[UKYBAaHNX BUJMBKIB y nosepxueBux mapax (I) i MakpocTpykTypHiil 30Hi
tpanckpucramizamnii (II) 3a BciX peXUMiB IeperpiBy posIiaBy IIOPiBHSIHO i3
BUJIMBKAMU HOPMAaJIbHOTO oXoJokenns (puc. 3). B ocTanHbOMY BHIIAAKY TaKOXK
36epiraeTbcs MOI6HA 3aKOHOMipHIiCTh BTpaTH Macu 3paskiB. llpu mepexomi 3k
JI0 MaKpOCTPYKTYpHuX 30H posraayskennx (III) i Besuxux piBnoocuux (IV)
KPHUCTAMIB OiJIbIIT CTIHKUMM /IO 3HOIIYBAHHS CTAIOTh BWJIMBKM HOPMAJbHOTO
OXOJIOPKEHHS, 10 3YMOBJIEHO MEHIIWM BILJIMBOM TIeperpiBy Ha po3Mip 3epHa B
IIUX MaKpoo6’eMax JIMTOI CTPYKTYPH.

TakuM YMHOM eKCIIePUMEHTAJIBHO JIOBE/IEHO MOXKJUBICTD 1iJecpIMOBaHO1
3MiHM I'PAai€HTHOCTI JIMTOI CTPYKTYPHU, KEPYBAHHA IIPOTSKHICTIO 1 JUCIEPCHICTIO
MaKpOCTPYKTYPHUX  30H, (OpPMYyBaHHSIM  MEXaHIYHUX  BJIACTHBOCTENH i
3HOCOCTIHKOCTI TI0 Tiepepidy cTaJeBUX BUJMBKIB 3aco6aMHW perJjiaMeHTallii
TeMIlepaTyPpHO-4aCOBUX IapaMeTpiB IiITOTOBKU PO3ILJIABY, IIPOIECiB KpUcTaaidalii
i crpykrypoyTBopeHHsi. lle BiJlkpuBae T1epclieKTUBY BUTOTOBJIEHHSI JIUTOI
MPOAYKIli 3 Hamepea 3aJlaHuMu rdepeHITiioBaHUMI BJACTUBOCTSIMA B 006’ €Mi
BUJIMBKIB JIJI CIIelia/IbHUX YMOB €KCILIyaTallii.
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S. Ye. Kondratyuk, V. I. Veis, Z. V. Parkhomchuk,
V. A. Loktyonov-Remyzovskii

Structure and wear of gradient steel castings
Summary

The effect of overheating of the melt over the equilibrium liquidus in the
temperature range 1570 °C— 1670 °Cand the rate of its cooling during crystallization
and structure formation of castings on the formation of the length and morphology
of the main macrostructural zones, grain dispersion, characteristics of the fine crystal
structure, hardness and intensity of abrasive wear over the section of 25L steel
castings with a differentiated cast structure was investigated. Regular changes of these
indicators depending on thermokinetic conditions of crystallization are established. The
determining influence of the melt cooling rate on the morphology and dispersion of the
cast structure due to different degrees of melt supercooling during crystallization of
different structural zones of castings is shown. As the distance from the rapidly cooling
surface of the castings and taking into account the increase in the temperature of the
melt overheat from 1570 °C to 1670 °C, the grain size varies from 5... 7 numbers to 1...2
numbers, respectively. In the case of normal heat removal rate during crystallization,
the grain size in the castings varies from 4... 2 to -1... -2 numbers. The determined
characteristics of wear resistance of steel in different structural zones correlate with
changes in the characteristics of the cast structure and the cross-sectional strength of
castings. The research results open the prospect of developing new foundry technologies
for the production of cast products with differential properties for special operating
conditions.

Keywords: gradient structure, structural zones, melt, wear.
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