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30HI B'SI3KO-KPUXKOTO [1epPEXOAY

2. Peculiarities of fracture of carbon and heat resistant steels at the crack initiation and propagation in ductile-to-

brittle transition zone

Pedepar:

1. MeTo10 1aHOI pOOOTH € OTPUMAHHS HOBUX JAHUX i BCTAHOBJIEHHS 3aJ1€’KHOCTEN MK IapaMeTpaMu CTPYKTypU
371aMiB 3pa3KiB Pi3HUX TUIIB i Pi3UKO-MEXaHIYHUMHU XapaKTePUCTUMKAMU (IIBUIKICTIO i IUTOMOIO €HEprielo)
3apPOJPKEHHS i PO3IOBCIOIKEHHS TPIllIMHY B KOHCTPYKLIMHUX i TEMIIOCTINKUX CTaJsAX B 06J1aCTi B'SI3KO-KPUXKOTO
nepexony. O6’eKTOM JOCIiIKEHHS € ITPOLeC 3apOJKEHHSI Ta PO3IIOBCIOKEHHS TPILMHY B 3pa3Kax Pi3HUX TUIIIB
IIpU Pi3HUX BUAX TEPMOCUJIOBOIO HaBaHTaXEHHS. [y IbOTO B pOOOTI BUKOPUCTOBYIOTHCS CYYaCHi
€KCIIEPMMEHTAJIbHI Ta YMCEeJIbHI METOAM NOCIiIKeHb. B po60Ti BUKOPHUCTOBYBAJIINCh EKCIIEPUMEHTAJIbHI Ta
YMCEJIbHI METOIU NOCIIIKEHHS 3apOIKEHHS, PO3IIOBCIOJI)KEHHS Ta 3yIIMHKY TPILIVMHY IIPY Pi3HUX BUIAX

TEPMOCUJIOBOTO HaBaHTaXXeHHs1. byiy po3po0bJieHi ekcriepuMeHTalbHi METOANKY [OCIiIP)KeHHS 3apOI>KEeHHS Ta



PO3MNOBCIOIKEHHS TPIlMHY B IMCKOBUX 3pa3Kax Py TEPMOILIOL Ta B 3pa3kax [lapri, Masopo3MipHUX 3pa3kax i B
3pasKax 3 6iYyHMMU HaJpizaMu MpHU yoapHOMY HaBaHTaKeHHI. YapHi BUTPOOGYBaHHS [IPOBOAUINCH HA
iHCTpYMEHTOBAaHOMY BEPTUKAJIbHOMY KOIIPi, 06J1aJHAHOMY BHCOKOIIBUIKICHOIO CUCTEMOIO peecTpallii sedopmalrtit
Ta 3yCUJlb. by po3po6JieHi METOOMKHU Ta IPOrPaMHe 3a0€3MeYeHHs 117151 IPOBELEHHS MeTalorpadiuHux
IOCJIiIPKEHb 3 BAKOPUCTAHHSIM METOJIMKHU KiJIbKiICHOTO aHasizy 1M(ppOBUX PaCTPOBUX 300Pa’KE€Hb Ta aJITOPUTMY X
cermMeHrallii, 10 € OKpeMUM BUIIAJKOM IPYIIM METOIB KJlaCTepHOro aHasizy. MeTanorpadiuHi BUTpOOYBaHHSI
IIPOBOJIAJIACH 32 JOIIOMOTOI0 OIITUYHOrO Mikpockomny npsimoro tuily Carl Zeiss AxiotechVario, ocHaieHoro
o6'extuBamu Carl Zeiss Epiplan i kamepoto Canon PowerShot G9. Metonamu KinbKicHOI metanorpadii ta
dpaxrorpadii (i3 3aCTOCYBaHHSM aJITOPUTMY CErMeHTallii 306pakeHHsI) BU3HAYEHO JOBXUHU KPUXKUX [TPOCKOKIB
TPillIMHYU Ha IIOBEPXHi [MCKOBOIO 3pa3ka Ta BiJHOCHI YaCTKU IJIowli rpe6HiB BifpuBy Ha (pakTorpamax 3jamy Ha
IIJISIXY PO3IOBCIOMXEHHS TPilllMHU. Bysio po3p0o06y1eHO METOIVMKY BU3HAYEHHSI MOMEHTY 3aPOJIKEHHS TPIlllMHU Ta
IlaHi MO0 3MiHU B YacCi MUTTEBOI HNIBUAKOCTI PO3MOBCIOMKEHHS TPIlHU B 3pa3kax Illapmi 3i cTami 45 Ta IMCKOBUX
3paskax 3i craini 20, ctanu 45 i cranu 15X2HM®A. BctaHOBIEHUI BIUIMB YTBOPEHHS GiYHUX YTSITYBaHb B
CTaHJApPTHUX 3pa3kax lllapmni Ha BUBHAYEHHSI MOMEHTY 3apOJ’)KEHHS TPIllMHU HA BigMiHY BiJl 3pa3KiB 3 6iYuHNMU
HagpizaMu. 3a pe3yabTaTaMM YMCEJbHUX PO3PaxyHKIiB 3 BUKOPHUCTAaHHSIM MOJIeJli IIOLKOIKYBaHOCTI MaTepiany 6yB
IIPOBENIEHUI aHAaJIi3 IIPOLECIB 3aPOIPKEHHS Ta PO3INOBCIOKEHHS TPILVHUY, KU [T0KA3aB, 0 PE3yJIbTaTh
€KCIIEPMMEHTAJIBHOTO Ta YMCEJIbHOTO MOJIEJIIOBAHHS LOOPE Y3rOIpKyIOThCS T OiYHE YTATYBaHHS, 110 BUHMKAE B
3paskax lllapmi, BlyiMBae HAa MOMEHT 3aPOJPKEHHS TPilMHU. Pe3ybTaTi NPpOBEIeHNX JOCTiIKEeHb Ta pO3pO6IIeHi
METOJUKY 3HAMIIIN CBO€E 3aCTOCYBaHHs IIpY MIPOBEJEHHI POOIT 3 OLIiHKYM pecypcy i MOIIYKy 10AATKOBUX Pe3epBiB

MILIHOCTi eJleMeHTiB 06s1aiHaHHs 1-ro KoHTYypy PiBHeHchKOi Ta [liBneHHo-YKpaiHcbkoi AEC.

2. The main goal of this work is to obtain new data and establish relationships between the parameters of the
fracture surfaces structure of different specimen types and physico-mechanical characteristics (velocity and
specific energy) of crack initiation and propagation in structural and heat-resistant steels in the ductile-to-brittle
transition zone. The object of research is the process of crack nucleation and propagation in different specimen
types under various types of thermo-force loading. For this reason, modern experimental and numerical research
methods are used in the work. Experimental and numerical investigation methods of the crack initiation,
propagation and arrest under different types of thermal force loading were used in this work. Experimental
methods for investigation of crack initiation and propagation in disc-shaped specimens under thermal shock and
in Charpy specimens, sub-sized specimens and side-grooved specimens under impact loading were developed.
Impact tests were carried out on an instrumented drop-weight vertical impact testing machine equipped with a
high-speed digital recording system of deformations and forces. Techniques and software for metallographic
studies using methods of quantitative analysis of digital bitmap images and their segmentation algorithm have
been developed, which is a special case of a group of cluster analysis methods. Metallographic tests were carried
out using a Carl Zeiss AxiotechVario direct-type optical microscope equipped with Carl Zeiss Epiplan lenses and a
Canon PowerShot G9 camera. Using methods of quantitative metallography and fractography (using the image
segmentation algorithm), the lengths of brittle crack jump on the surface of a disk-shaped specimen and the
relative parts of the separation crests area on fracture fractograms along the path of crack propagation were
determined. Methods for determining the moment of crack initiation and the instantaneous velocity of its
propagation using special fracture gages were developed. New data of variation of instantaneous crack
propagation velocity in Charpy specimens from steel 45 and disc-shaped specimens from steel 20, steel 45 and
steel 15X2NMFA were fulfilled. The influence of the share lips formation in the standard Charpy specimens on the
determination of the crack initiation moment was confirmed, in contrast to the side-grooved specimens. Based on
the results of numerical calculations using the model of material damageability, an analysis of the processes of
crack nucleation and propagation was carried out, which showed that the results of experimental and numerical
modeling are in good agreement and the share lips formation affects the moment of crack initiation. The results of
the studies and the developed methods have found their application during work on life-time assessment and
searching of additional reserves of strength of the 1Ist circuit equipment elements of the Rivne and South Ukrainian
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