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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

[lITamnoBi cTai 151 rapsguoro fedopMyBaHHS KOJIbOPOBUX METAJIB Ta CIJIABIB 3 MiJBULIEHUMHU €KCIUlyaTalitHUMU

BJIACTUBOCTSIMU

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Die steels for hot deformation of non-ferrous metals and alloys with high performance properties

Pedepat yKpaiHCBKOIO:

EJIEKTPOIIJIAKOBM TEPEIUIAB, CTAJIb, TEPMIYHA OBPOBKA, TEMITEPATYPA, CTPYKTYPA, ®A3A, PI3UKO-
MEXAHIYHI BJIACTVIBOCTI, IHCTPYMEHT. EkoHOMI4YHa e(deKTUBHICTb I1poLeciB GOPMOYTBOPEHHS METOLIOM
rapsiuoro IpecyBaHHS 3ar'OTOBOK KOJIbOPOBUX METAJIIB Ta iX CIJIaBiB BUBHAYA€ThCS CTIMKICTIO pO60YOro
iHcTpyMeHTa. B 3anmexxHOCTi Bify MapKu 1e(OPMOBAHOTO CIIJIaBY, TEMIIEPATypU PO3irpiBy OBEPXHEBI apU MOXKYTh
3MiHIOBATHUCH Bif goctaTHbo nomipHux (400 - 600 °C) mo Bucokux (600 - 950 °C) remneparyp. [Ipu pobodnx
temreparypax 70 600 °C 3a/10BijIbHa CTiMKiCTh iHCTPYMEHTA y 6araTbOX BUIAZKaX 3a06€311e4y€eThCs IIPU
BMKOPHMCTaHHI TPAAULIMHUX ITAMIIOBUX CTajlel Ha 6a3i 0-TBEPIOro pO3YMHY 3 KapOifHUM 3MilHEHHSM. [Ipu
TemIepartypi 6inbiie 3a 600 °C B npoueci ekcIulyarauii iHCTpyMeHT i3-3a HU3bKOI TEIJIOCTIiIKOi cTasi (epuTHOrO
KJIaCy BUXOJUTH 3 s1aAy. TUIIOBUMHU ITPEACTaBHUKAMU LIUX cTasei € ctasi 3X2B8®, 3X3M3®, 4X4BM®DC, 5X3B3MO
Ta iHmi. logaTKoBe BBEJEHHS JIETYIOUOrO €JIEMEHTY (HIKeJI0) y CTajlb Ha (PEPUTHIN OCHOBI 3yMOBJIIO€ 3HMD>KEHHS
KpuTH4HOi Touku A3. ITpu posmupeHHi o6acTi o-Fe mogudikauii B crasni y BUXifHOMy CTaHi i mpu HarpiBaHHi ii 7o
TEMIIEpPaTyP, 3a SIKMUMHU BifJ0yBaeThCs O O O IEPETBOPEHHS, 30€piraeTbCs ayCTEHiITHA CTPYKTYpa BIIPOJIOBXK YChOTO
nepiozly BUCOKOTEMIIepaTypHOI eKkcIutyaraliii mrammnosoro inctpymeHTa 1o 950 °C. Taki crasi oTpumMainy Ha3By —
CTaJli 3 peryJIoBaHHSIM ayCTEHITHOrO NepeTBOpPeHHs npu exkciutyaTauii (PAIIE). IIpu TpaguuiiHoMy nigxony 1o
IiBUIIEHHS TEMJIOCTIMKOCTI ITAMIIOBUX CTajlell Ha (pepUTHOI OCHOBI MiABUILYIOTh TEMIIEPATYP (PA3OBUX
[IEPETBOPEHD. B 1bOMY IOJISIra€e TOJI0BHA BiIMiHHICTb MMIXOLY O JIETOBAHUX TEIUIOCTIMKMX MITAMIIOBUAX CTAJIEW HA
depuTHOi 0CcHOBI 3i cTassimu 3 PATTE. B po60Ti 6ys10 gociigkeHo ¢pa3oBuil Ckilall, KpUCTaliyHa CTPYKTypa Ta
BM3HAYEHHS MeXaHiYHUX BiacTuBocTeil ctasi 3 PATIE 4X3HS5M3® ta 4X4H5M4®2 B 1uTOMY Ta KOBaHOMY CTaHaX
Mpy po3poOIIi PEKUMIB TEPMIYHOI 06POOKHU.

Pedepar aHr1ilicbKOIO:

The economic efficiency of the hot pressing of non-ferrous metal blanks and their alloys is determined by the
stability of the working tool. Depending on the brand of deformed alloy, the heating temperature of the surface
layers can vary from fairly moderate (400-600 °C) to high (600-950 °C) temperatures. At operating temperatures
up to 600 °C, satisfactory stability of the tool is ensured in many cases when using traditional stamping steels
based on o-hard solution with carbide strengthening. At a temperature of more than 600 °C during operation, the
tool fails due to the low heat-resistant steel of the ferrite class. Typical representatives of these steels are steels
3X2B8®, 3X3M3D, 4X4BMODC, 5X3B3MO® and others. The additional introduction of an alloying element (nickel)
into the steel on a ferritic basis causes a decrease in the critical point A3. When expanding the region of o-Fe
modification in the steel in its initial state and when it is heated to the temperatures at which the o o o transformation
occurs, the austenite structure is preserved throughout the entire period of high-temperature operation of the
stamping tool up to 950 °C. Such steels were named - steels with regulation of austenitic transformation during
operation (RAPE). In the traditional approach to increasing the heat resistance of stamp steels on a ferrite basis,
the temperatures of phase transformations are increased. This is the main difference between the approach to
alloyed heat-resistant stamping steels on a ferritic basis and steels from RAPE. In the work, the phase composition,
crystal structure and determination of mechanical properties of RAPE steel 4Kh3N5M3F and 4Kh4N5M4F2 in the
cast and forged states during the development of heat treatment modes were investigated.
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