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2. Structure formation and properties of steel castings in the conditions of regulated heat removal.

Pedepar:

1. O6'eKT mOCHiIKEHHs - IPOLeCU KPUCTai3allii Ta CTPYKTypOyTBOPEHHS y BUJIMBKAX BYIJIELIeBUX CTajlel 32 YMOB
PerJaMeHTOBaHOTO TEIJIOBiAO0PY. MeTa po60TH - BCTAaHOBJIEHHS 3aKOHOMIPHOCTEN BILJIMBY IIapaMeTpiB
KpHUCTali3alii Ta HACTYITHOTO OXOJIOJKEHHS BUJIMBKIB Ha (POPMYyBaHHSI MaKpO- Ta MIKPOCTPYKTYPH, OCOOJIMBOCTEN
npouecis yikBanii, pazoBO-CTPYKTYPHOTO CTaHy Ta (i3MKO-MeXaHiYHUX BJIACTUBOCTE! BUJIMBKIB BYIJIELEBUX
cTajieil, a TaKoXX po3podKa METOIUYHUX MiJIX0iB 11010 IPOrHO3YBaHHS ITpoliecy (popMyBaHHS CTPYKTYPHUX 30H
TBEPJHY4YOro BUJIMBKA. B po6OTi Ha OCHOBI CUCTEMHUX [IOCiIKE€Hb BIIJIMBY YMOB PETJIaMEHTOBAHOIO TEIJIOBIIO0PY
Ha MpoLieCu KpUCTai3allii, CTpyKTypOyTBOPEHHS Ta BIaCTUBOCTI CTaJIeBUX BUJIUBKIB JOCIII>)KEHO OCOOIMBOCTI
KiHETHKM KpUCTaJi3allii INTUX BYIJIELEBUX CTajel 3 PI3HUM iHTEpPBaJOM KpUCTAai3allii; BCTaHOBJIEHO KiJIbKiCHI
3aKOHOMIipHOCTI (pOpMYyBaHHS MaKpoO- Ta MiKPOCTPYKTYPH, TOHKOI KpHCTasiuHOi 6y70BU, (pa30BO-CTPYKTYPHOTO
CTaHy, 0COOJIMBOCTI NPOTiKaHHS JIIKBALIiHUX [TPOLECIB 32 YMOB 3BUYAHOTO Ta iHTEHCUBHOTO TEIJIOBiO0PY B
IIMPOKOMY iHTepBaJi MBUIKOCTEeN 0xosoaxeHHs (1 - 110 oC/c); eKcliepuMeHTaIbHO BCTAaHOBJIEHO 3MiHY

MexaHi3MiB TBepHo¢a3HUX IIepeTBOPEHD BiANOBIIHO O Pi3HUX TEPMOKIHETUYHUX YMOB HaCTYITHOTO OCTUTaHHS



BUJIVBKIB; [I0Ka3aHO €(PEKTHBHICTb IIPOLIECIB HEPIBHOBAKHOI KPUCTAai3alii Ta CTPyKTYPOYTBOPEHHS IPU
niaBuIEeHHI iHTeHcuBHOCTI oxosomkeHHs Bif 0,1 - 0,5 oC/c o 100 - 110 oC/c Ha niABUILEHHS XapaKTePUCTUK
minHocTi Ha 10 - 15 %, nnactuyHocTi Ha 5 - 10 % ygapHoi B'a3KoCTi B Mexkax 25 - 40 % BinNoBigHO BMiCTy BYIJIELIO B
cTassix. BBeieHO HOBUI [TapaMeTp KiJIbKiCHOI OL[iHKA MOP(OJIOTiYHAX 0COOIMBOCTEN JEeHIPUTHOI OyI0BU -
Koe(illieHT po3raymy>KeHOCTi I'PaHMLlb AE€HIPUTIB Ta BCTAHOBJIEHO HOT0 3B'30K 3 YMOBaMU TEILJIOBiIO0OPY Ta
KiHeTUYHHUMMU [1apaMeTpamMu KpUCTasisalii, CTpyKTypOyTBOPEHHS, eHepreTUYHUMU Ta ppakTorpadpiuHumu
XapaKTePUCTUKAMU PyiHyBaHHS. Ha OCHOBI CUCTEMHUX €KCIIEPUMEHTIB 3 BUKOPUCTAHHSIM METOiB TEPMOMETPIi,
MeTasnorpadgivHoro aHamiisy, GpisnIHOro Ta MaTEMaTUYHOTO MOJIEJIIOBAHHS, PETPECITHOro aHajizy po3pobieHo
METOAWYHI 3acaiy IPOrHO3yBaHHS Ta KEPYBAHHS MPOTSIKHICTIO CTPYKTYPHUX 30H Ta BJIACTUBOCTSIMU BUJIMBKIB
ByIJIELIEBUX CTasled. OfepskaHi eKCIIEPMMEHTAJIbHI JaHi Ta BCTAHOBJIEH] 3aKOHOMIPHOCTI BiIKpUBAIOTh AOLATKOBI
MOXJIMBOCTI LIiJIECIIPSIMOBAHOTO K€PyBaHHSI IPOLieCaMU KpUCTasizalii i CTPyKTypOYTBOPEHHS CTaJIEeBUX BUPOOIB Ha

PI3HNX TEXHOJIOTIYHMX eTanax ix ofep>KaHHs Ta 06POOKU.

2. The object of research - crystallization and structure formation processes in carbon steel castings under the
regulated heat removal conditions. The aim of the work - establishing patterns of the influence of the parameters
of crystallization and subsequent cooling of castings on the formation of the macro- and microstructure, features
of the segregation behavior, phase-structural state, physico-mechanical properties of carbon steel castings, as
well as the development of methodological approaches of prediction of the structural zones formation processes
in the solidifying casting. In the paper, on the basis of the system investigations of the influence of the regulated
heat removal conditions on the crystallization processes, structure formation and properties of steel castings the
features of the crystallization kinetics of the cast carbon steels with different intervals of crystallization were
investigated; quantitative patterns of formation of the macro-and microstructure, fine crystalline structure,
phase-structural state, features of the segregation behavior under the normal and intensive heat removal
conditions in a wide range of cooling rates (1 - 110 oC/s) were established; the mechanisms change of the solid-
phase transformations according to the different thermokinetic conditions of subsequent cooling of castings were
experimentally established; the efficiency of the processes of non-equilibrium crystallization and structure
formation by increasing the cooling rate from 0.1 - 0.5 °C/s to 100 - 110 °C/s to increase the strength
characteristics by 10 - 15%, the ductility by 5 - 10%, the toughness in the range of 25 - 40% according to carbon
content in the steels was shown. A new parameter of the quantifying dendritic structure - the coefficient of
branching of the dendrites borders - was introduced and its connection with heat removal conditions and the
kinetic parameters of crystallization and structure formation, the energy and fractography Failure characteristics
were established. On the basis of the system experiments using methods of thermometry, metallographic analysis,
physical and mathematical modeling, regression analysis the methodological basis of prediction and control of the
length of the structural zones and properties of carbon steel castings were developed. The obtained experimental
data and established regularities provide additional opportunities of the purposeful managing crystallization and
structure formation of steel products at different stages of the process for their production and treatment.
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