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2. Development of Metallurgical Fundamentals of Resource-saving Technologies of Composite Ingots making from
High Speed Steel.

Pedepar:

1. Inceprarist IpucBgY€Ha TEOPETUYHOMY OOI'PYHTYBAHHIO METAJIyPrilHUX CIIOCO6iB OTPUMAaHHS KOMIIO3UTHUX
3JIUTKIB MIBUJIKOPI3aJIbHOI CTaJli i eKCIiepuMeHTallbHiil NepeBipli epeKTUBHOCTI TexHoIorii1 "pinkuit canngiv” (PC) i
€JIEKTPOIIJIAKOBOT 0 HarlaBjleHHs pinkum metanom (EIH PM) 1151 BUTOTOB/IEHHSI METaIOPIKy40ro iHCTPYMEHTY.
TepmonuHamiyHO oLiHeHA cTabiNbHICTb Kap6ifiB i po3paxoBaHi piBHOBaXKHI ckyianu ¢gas B ctasi P6MS i mpu
MIOHMKEHOMY BMICTi JIETYIOYMX B LIEHTPaJIbHOMY 06'eMi 37tuTKa PC. Ha OCHOBI cy4acHUX ySIBJIEHb ITPO 3HMKEHHS
TeMIIepaTypH JIiKBiyC IIpU 30araueHHi po3IyiaBy PyrMM KOMIIOHEHTOM, TEOPETUYHO I10Ka3aHa MOXKJIUBICTb ii
301/IbIIIEHHS 3aCTOCYBAaHHSM JI0JIMBA OijIbII Fapsiyolo, ajle MEHII JIEFOBaHO0 cTasuno. CTBOpEHa METOIMKA i
KOMII'IOTE€PHA MPOrpaMa, 110 JO3BOJIS€ IPOrHO3YBATH CKJIAL, TEMIIEPATYPY JIIKBILYC i MEXaHIYHI BJIACTMBOCTI CTaJli.

3a I01oMoro IBOXETAllHOI MaTeMAaTUYHOI MOZeli TPOBEIEeHUI YNCEeIbHUM €KCIIEPUMEHT I10 OITUMIi3allii



IIapaMeTpiB PO3JIMBAHHS KOMIIO3UTHOTO 31UTKA PC. TexHOJI0Tist po3/iMBaHHS KOMIIO3UTHOTO 3/1UuTKa PC P6M5+40X
onpo6oBaHa B IPOMUCIOBUXyMOBax. Kommiekc BUIIpoOyBaHb CTPYKTYPH i BIACTUBOCTEN O€PKAaHOTO METay
I10Ka3aB [10BHY BiAnoBigHicTe BuMoroo I'OCT 19265. Bupo6Huyi BUIIpoOyBaHHS iHCTPYMEHTY 3 KOMIIO3UTHOI CTasli
II0Ka3aJM MOBHY BifTIOBiAHICTE HOPMaM pi3aHHs, IPUNHATAM AJ1s ctani P6MS. [Tokasano, mo npu EIITH PM 3a
PaxyHOK HasiBHOCTI JJBOX [TOBEPXOHb OXOJIOJ)KYBaHHS yTBOPIOETLCS APiOHE 3€PHO, IO JO3BOJISIE€ BUKIIIOUATH
Iedopmaliiio py BUTOTOBJIEHHI BEJIMKOTabapUTHOIO iHCTPyMEHTY. Po3po6JieHi TeXHOJIOTii OTPUMaHHS
KOMITO3UTHUX 3JIMTKIB IIBUIKOPi3aIbHOI CTasli 3a6€3Me4Yy0Th €KOHOMIIO JIETYIOUNX | KOHKYPEHTOCIIPOMO>KHOCTI
iHCTpyMEeHTY, 110 BUTOTOBJISIEThCS. KilloueBi c10Ba: po3/MBaHHS, BUIMBHULIS, 37TMTOK, KOMIIO3UT, IIBUAKOpPi3ajbHa
CTaJb, KpUCTaJi3allisl pO3IJIaBy, JiKBallisl, TEMIIepaTypa JiKBigyC, €JIEKTPOILLIAKOBE HAMJIABJI€HHS, EKOHOMIs
JIETYI0UUX, CTPYKTYpa, Kapbinu, po3mip 3epHa.

2. Dissertation is devoted to theoretical basics of metallurgical methods on making the composite ingots of high
speed steel and experimental estimation of effectiveness of both "Liquid Sandwich" (LS) and Electro Slag Surfacing
by Liquid Metal (ESS LM) technologies for production of metal cutting tools. Stability of carbides and the
equilibrium compositions of phases in steel W6Mo5 (M2) and in steel with reduced content of alloying elements,
which formed in central volume of LS ingot, have been thermodynamically evaluated. On basis of recent theories
of lowering of liquidus temperature at enriching of the alloy by the second component it was shown the
theoretical possibility to increase it by use of addition of much hot but less alloyed alloy. There were methodic and
software created that allows us to forecast the composition, liquidus temperature and mechanical properties of
steel. Due to two-step mathematic model the numeral experiment was done for optimization of parameters of LS
composite ingot casting. Technology of pouring of LS composite ingot W6Mo5+42Cr4 (5140) was tested in industry.
Number of tests of structure and properties of produced metal showed complete correspondence to GOST 19265
requirements. Industrial tests of tools from composite steel shown full correspondence to norms of cutting
accepted for steel W6Mo5. It is shown that there is a small grain created with ESS LM due to the fact that there are
two cooling surfaces that allows us to exclude deformation when producing of large dimension tools. The
developed technologies of manufacture of composite high-speed steel ingots allow to save alloying elements and
the competitiveness of produced tools.
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