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1. BniuB KiHETHKY po3Majy ayCTeHITy Ha CTPYKTYPOYTBOPEHHSI Ta MEXaHiuHi BJaCTUBOCTi 3BapHUX 3'€JHAHb

BVICOKOMIIIHUX BYTJIEL|€BUX CTaJIEN.

2. Influence of the kinetics of austenite decomposition on the structure formation and mechanical properties of
welded joints of high-strength carbon steels.

Pedepar:

1. Jl;11 BUTOTOBJIEHHS 3BaDHUX METAJIOKOHCTPYKIiN KOPIYCiB MalllMH BUKOPUCTOBYIOTbCS BUCOKOMILIHI CTaJIi.
dopmyBaHHS B MeTajli 30HM TEPMIUHOIO BIUIUBY 3BAPHUX 3'€lHaHb rapTiBHUX MAaPTEHCUTHUX CTPYKTYP NPU3BOLUTD
IIO TIOTipIIEHHSI MEXaHIYHUX BJIACTUBOCTEN Ta BIJIMBA€ HA CXUJIbHICTb [0 KPUXKOTO pyHHYBaHHs. Po6oTa
[IPUCBSIY€HA BU3HAYEHHIO BIUIMBY KIHETHUKY PO3IaTy ayCTEHITy Ha OCOOINBOCTI CTPYKTYPHO-(a30BUX IEPETBOPEHD
B MeTaJli 30HU TEPMiYHOTO BIIJIUBY 3BAPHUX 3'€JHAaHb BUCOKOMIIJHMX BYIJIELIEBUX CTajlel 3 BMiCTOM BYIJIELIO
0,12...0,74 mac. %. 3a #ONIOMOroI CUCTEMH iMiTalii TepMiyHOro LUKy 3BaploBanHs Gleeble 3800 nobymoBani
TEPMOKIHETUYHi AiarpamMu po3najy ayCTeHITy, yCTAaHOBJIEH] 6iiblll TOYHI TEMIIEpATyPU MOYATKY Ta KiHIISl yTBOPEHHS

a3 npu pizHUX LIBUAKOCTSIX OXOJIOIPKEHHS BUCOKOMIIIHUX BYIJIElIeBUX CTajeil. BCTaHOBJIEHO 3B'S130K MiXK BMiCTOM



BYIJIEL[I0, TEMIIEPaTypaMu (pa3oBUX NEPETBOPEHDb Ta CTPYKTYPOIO: IJIs CTajell pi3HOTO PU3HAYEHHS 30iIbLUICHHS
BMICTY BYIJIELI}O B KOXKHIi rpyi (6yzisespHi: go 0,12...0,19%C, cneuiasnpHi: go 0,26...0,31%C, 3anizHnyHi: 1o
0,58...0,74%C) 3H1m>Kye TemnepaTtypu ¢asoBux rnepersopeHs Ha 40...60°C, 110 BI/IMBa€ Ha 30i/IbLIEHHS YTBOPEHHS
KPUTAYHOI YaCTKU FapTiBHUX CTPYKTYP, SIKi IPU3BOJSATH 0 MOTipLUIEHHS MEXaHIUHUX BJIACTUBOCTEN. B OymiBesbHUX
crassix (pa3oBi IEPETBOPEHHS IPOXOIATh ABOXCTAAIMHO, CIIOYATKY 33 AUPY3iMHAM MEXaHi3MOM 3 YTBOPEHHSIM
(epUTHO-TIEPJIITHUX CTPYKTYP IIPU WIBUAKOCTI oxosiomkeHHs 1o 10°C/c, a oTiMm 6e3nudysiiiHuM — 3 yTBOPEHHIM
rapTiBHUX CTPYKTYpP IIPU WIBUAKOCTSIX 0X0J0mKeHHs Bulle 15°C/c. B cnenjanbHux cTansax — 3a gudysinHum
MEXaHi3MOM 3 YTBOPEHHSM (EePUTHO-NEPJIITHUX CTPYKTYP MPU MIBUAKOCTI OXOJIOIKEeHHS 1o 7°C/c Ta
6e3nudy3ifiHIM MeXaHi3MOM 3 POPMYBaHHSIM GEMHITHUX | MAPTEHCUTHUX CTPYKTYpP Pi3HOI MopdoJiorii pu
IIBUJIKOCTI oxosiomxkeHHs Bulle 10°C/c. B 3a/1i3HUYHUX CT/ISIX IEPETBOPEHHS BifiOyBaeThCs 3a AUQY3iliHUM Ta
3CYBHAM MEXaHi3MOM B (DEPUTHO-TIEPJIITHIN 00J1ACTi 3 YTBOPEHHSM TPOOCTUTO-MAaPTEHCUTHUX CTPYKTYP IIpU
IIBUAKOCTI 0X00pKeHHS 5...30°C /c. BCTaHOBIEHO ONTUMaJIbHI TapaMeTPU TEPMIUHOTO UKLy 3BapIOBAaHHS IIPU
IIBUJIKOCTI 0X0J10/KeHHs 5...20°C /¢, w0 3a6e3neuye GopMyBaHHSI GepUTO-TIEPIITHUX CTPYKTYP [JIs1 3a1i3BHUYHUX
craseil Ta 6eMHITO-MapTEHCUTHUX 151 OyiBeJIbHMX Ta OPOHbOBUX CTajell IIPY 3a1100iraHHi yTBOPEHHS XOJIOAHUX
TPIlIMH B METaJIi 30HA TEPMIYHOIO BIUIMBY BMCOKOMILJHUX BYIJIELIEBUX CTajel 3 BMicToM Byriewro 0,12...0,74%.
BusHaveHo, mo A5 3a6e31e4eHHs MilIHOCTI Ta MIJIACTUYHOCTI BChOTO 3BAPHOTO 3'€JHAHHS MIJISIXOM (POPMYyBaHHS
ONTUMAJIbHOI CTPYKTYpY BUCOKOMIIIHMX BYTJIELIEBUX CTaJIe€ 3BapIOBaHHS PEKOMEH/I0BAaHO ITPOBOAUTHU IIPU
IIBUJIKOCTI OXOJIO’)KEHHS METaJy 30HU TePMidHOro BIUBY 5...10°C/c nna crasni Naxtra 700, a g1 BCix iHIINUX
cTajiedl IBUIKICTb OXOJIOIKEHHS cTaHOBUTH 10...20°C /¢ i3 3aCTOCOBYBaHHSM IONEPEAHBOTO MiirPiBy BUXiIHOTO
MeTtaiy no temreparyp 200°C.

2. The high-strength steels are widely used at manufacturing of welded metal hull structures of the vehicles. The
formation of the weld joints of the given steels of predominantly martensitic structures in the HAZ metal and the
saturation of this area with diffusion hydrogen leads to the increase of their tendency to cold cracking. The paper
presents the results of studies of the effect of WTC (welding thermal cycles) on the nature of the structural
transformations of the HAZ metal high-strength steel with a carbon content of 0.12...0.74 mass%, which affects
resistance to cold cracking. With the help of the Gleeble 3800 simulator of the thermal state of welding, the
continuous cooling transformation diagrams of the austenite decomposition of the high-strength carbon steels
were built; the special features of transformation, the microstructural state and the initial and end phase formation
temperatures at different cooling rates were studied and their mechanical properties were determined. The
connection between carbon content, temperature of phase transformations and structure is established: for steels
of different purpose, an increase in carbon content in each group (construction: up to 0,12...0,19% C, special: up to
0,26...0,31% C, railways: to 0,58...0,74% C) reduces the temperature of phase transformations by 40...60 °C, which
affects the increase of the formation of the critical part of the hardening structures, which leads to deterioration
of mechanical properties. In structural steels, phase transformations take place in two stages, initially by a
diffusion mechanism with the formation of ferrite-pearlite structures at a cooling rate of 10 °C/sec, and then
without diffusion - with the formation of hardening structures at cooling rates above 15 °C/sec. In special steels, a
diffusion mechanism with the formation of ferrite-pearlite structures at a cooling rate of 7 °C/sec and a diffusion
mechanism for the formation of bainite and martensite structures of different morphologies at a cooling rate
above 10 °C/sec. In the railway steels, the transformation takes place by the diffusion and shear mechanism in the
ferrite-pearlite zone with the formation of troostite-martensite structures at a cooling rate of 5...30 °C/sec. The
optimal parameters of the thermal cycle of welding at a cooling rate of 5...20 °C/sec have been established, which
ensures the formation of ferrite-perlite structures for railway steels and bainite-martensite for construction and
armor steels in preventing the formation of cold cracks in the metal of the heat affected zone of high-strength
carbon steels with carbon content of 0,12...0,74%. It has been determined that in order to ensure the strength and
ductility of the whole welded joint by forming the optimal structure of high-strength carbon steels, welding at a
rate of cooling the metal a zone of thermal impact of 5...10 °C/sec for steel Naxtra 700 is recommended. For all
other steels the cooling rate should be 10...20 °C/sec with the use of preheating of the initial metal to
temperatures of 200°C.
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