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1. PeiHXXUHIpUHT BEJIMKOrabapUTHUX CKJIAZIEHUX BUPOOIB y BAXKKOMY MAIIMHOOYAyBaHHI HA OCHOBI TPYNOBUX

TEXHOJIOTIYHUX MTPOIECIB pO3OUPAHHSI-CKIIATJaHHS

2. Re-engineering of large (compound /sleeved) products in heavy engineering industry based on batch
technological operations of assembling-disassembling

Pedepar:

1. 1. O6'eKT JOCIIIPKEHHS - IPOLLEC PEeiHKUHIPUHTY BEJIMKOrabapUTHUX BUPOOIB Y BAKKOMY MALIMHOOYIyBaHHi.
MeTo10 OCTiI>KEHHS € peiHKUHIPUHT BeJIMKOrabapuTHUX CKJIaJleHUX BUPOOiB Ha OCHOBI I'PYIIOBUX TEXHOJIOTIYHUX
IIpolLieciB po36MpaHHsI-CKJIalaHHs, 10 3a0e31eyuye NPOLOBKEeHHS SKUTTEBOr0" LUKy I peCypCco3aolapKeHHSI.
MeTtonu IOCIiIKEHHS - CUCTEMHUM aHaJi3 | KOMIIJIEKCHUM PO3IJs] QyHKIIOHANBHUX [IPU3HAYEHD i
KOHCTPYKTUBHUX [1apaMeTPiB BEJIMKOrabapUTHUX CKJIQZIEHUX BAJIKiB 1 TEXHOJIOTIYHUX CUCTEM BUTOTOBJIEHHS,
eKcIulyaTalii Ta peiHKuHipuHry. TeopeTrydHi Ta IpakTUYHi pe3yJIbTaTh - Y TEOPETUYHIN YacTUHI poboTU NpU
IOCJIiIKEeHHI HalIPy>KeHO-11€(POPMOBAHOTO CTaHY OXOILJIIOBATIbHUX AE€Taje€ll BAKOPUCTOBYETbCS METO], CKIHUEHHUX
eneMeHTiB Ha 6a3i COSMOS WORK, a npu BupillleHHi TepMOMEXaHIUHMX 3aBJjaHb MTpoLeciB ckaaganHs - ABAQUS.

KoHTpoJib Ta iarHOCTyBaHHS PiBHS HANPYT Y OXOILIIOBAJIbHUX JI€TAJISIX BaJlKa 3aCHOBAHMI Ha HEPYNHYIOYOMY



MAarHUTOINPY>KHbOMY MeToi. [Ipy MozeoBaHHi IPOLeCy pyMHYBaHHS OXOIUIIOBAIbHUX JI€Tajlell BUKOPUCTAHUN
€KCIIEPUMEHTAJIbHO-PO3PAaXyYHKOBUI METO. MeTO, IPOCTOPOBOTrO TBEPAOTIIBHOTO FEOMETPUYHOTO MOJIEJIIOBAHHS
peasizoBaHUi [1py po3pobLli onepalliil AeMOHTaXy. [IpakTU4Hi pe3ybTaTy [0JSraloTh Y BCTAHOBJIEHHI
PEeKOMEHAMiN moa0 BUOOPY NPOLECiB PEiHKUHIPUHTY BajbLI0BAJIbHUX BaJIKiB. PO3p06s1eHO METO i 6J1I0K-CXEMY
17151 IPOTPAMHOTrO 3a0€3Me4€HHs] KiHeMaTUKU (POPMOTBOPEHHSI CKJIA[IHMX [IOBEPXOHb. 3a pe3yJbTaTaMU
Ol1iHIOBaHHSI IIOKA3HUKIB peCcypco3aollasiKeHHs sy TUIIOPO3MIpiB BUPOOIB yCTaHOBJIEHO MiHiMalIbHUIH MOPIT Macu
BeJIMKOorabapuTHUX BUpOo6iB - 20 T. [Ipy 1bOMy B IIpolieci BilHOBJIEHHS! BaJIKiB JOCSTA€THCSI 3HVKEHHS TaKMX
IIOKA3HUKIB MaTepialOeEMHOCTI, TPYIOMICTKOCTI, CO6iBapTOCTi, eHeproBUTpar. HoBu3Ha nosdrae B pO3BUTKY
TEOPeTUYHUX, METOIOJIOTIYHUX | HOpMaTUBHO-METOIUYHUX OCHOB PeiHXUHIPUHTY BUPOOIB HA OCHOBI IPYIOBUX
TEXHOJIOTIYHUX Npolecax po36MpaHHs-CKIaIaHHs: - BIIEpIIe PO3POOIEHO MaTEMAaTUYHY MOJIeJlb BUSHAUEHHS
[apameTpiB CIIOJy4YyBaHUX [IOBEPXOHb JE€TaJEN Y 3aJI€KHOCTI Bif, piBHS 3aJIMIIKOBUX HAIIPYKEHb; - OTpUMaJa
NOJAJIbIINI PO3BUTOK METO0JIOTiSI pO3PO0JIEHHS IPYNOBUX TEXHOJIOTTYHUX [IPOLIECIB PO30MPaHHI-CKIaaHHS; -
BIleplie po3pobJieHO I apo60BaHO MaTeMaTUYHy MoZesb PPETUHI-3HOCY I BTOMU JJ1s1 BUBHAUEHHS iX IapaMeTpiB
3 ypaxyBaHHAM KOHCTPYKII BajIka I CXEMU HAHECEHHS [IOKPUTTS; - YIOCKOHAJIEHO MaTEMATUYHY MOJIEJIb
BU3HAYEHHS TEXHOJIOTIYHUX I1apaMeTpiB MIPOLeCy CKIAJAHHS; - pO3PO6JIEHO METO AOCTIiIKEHHS IapaMeTpiB
HarpyXeHo-1edOPMOBAHOI0 CTaHy AeTasli IIPU CKJIalaHHi; po3p006JIeHO aJITOPUTM aJalITUBHOTO KEPYBaHHS
npolecoM ckiaganHs. CTyIiHb BIPOBAKEHHS - Pe3yJbTaTy BIpoBaakeHo Ha [TAT "HKM3" (M. KpamaTopchk).
BigHOBIIEH]I CKIaZeHi BaJIKU peasi3oBaHo B KIIITAX BaJbLIOBAJILHUX CTaHIB YOPHOI MeTasnyprii Ykpainu ta Pocii.

l'aymy3b BUKOPUCTaHHS - BXXKE MAlIMHOOYIyBaHHS.

2. 3. Subject of research - re-engineering process for large-size products in heavy mechanical engineering. The
object of research is re-engineering of large-size compound products in heavy engineering industry, based on
batch technological operations of assembling-disassembling, which extend the operational life and ensure efficient
use of resources during technological conversions. Research methods - methodological foundation: system
analysis and comprehensive study of functional area and design parameters of large-size compound rolls and
process systems for manufacturing, operation and re-engineering of these products. Theoretical and application
results - in theoretical part of the work, during investigation of large-size compound roll female parts strain-stress
state, the finite-element method based on COSMOS WORK software is used, and during solving assembling
process thermo-mechanical tasks, the ABAQUS complex of general purpose finite-element programs is used. The
stress level in female parts of compound rolling mill roll is controlled and diagnosed during experimental and
industrial research on the basis of non-destructive magnetoelastic method. At simulation of female parts
destruction process, the experimental-computation method is used. The method of solid state geometrical
simulation is realized at operations development as for dismantling of large-size compound rolls and their
subsequent assembling. For heavy engineering the application results are based on recommendations regarding
rationale for selection of re-engineering processes for large-size rolling mill rolls and their following treatment at
final parts manufacturing stage. The procedure and flow chart for composite surfaces forming cinematics software
have been developed. According to evaluation results of resource-saving indices for the range of parts standard
sizes, the minimal weight of large-size products has been set for 20 t, in this connection, during large-size
compound rolls re-engineering process, there has been achieved the reduction of the parameters: materials
consumption; factory labor hours; prime cost; energy consumption. The novelty is represented in development of
theoretical, methodological and regulatory-methodical basis for product re-engineering based on batch
technological operations of assembling-disassembling: - for the first time, the mathematical model has been
developed to determine parameters of compound parts mating surfaces depending on residual stress; - the further
development was received by designing methodology for batch technological operations of assembling-
disassembling; - for the first time, the fretting wear and fatigue mathematical model has been developed and
tested to determine their parameters at product designing stage taking into account the design of rolling mill roll
and coating application scheme for male part mounting surface, that enables to predict fretting processes
parameters; - there has been improved the mathematical model for determination of technological parameters for
large-size compound product assembling by means of thermal action; - there has been developed a method for



research of part stress-strain state parameters during assembling of large-size compound rolling mill rolls by
means of thermal action; there has been developed adaptive control algorithm for assembling process.
Implementation - the results of this work were implemented in "NKMZ" PAT (PJSC) (Kramatorsk). The
reconditioned compound rolls are used in rolling mill stands of Ukrainian and Russian. Field of application - heavy
mechanical engineering.
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