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ABSTRACT

Chaika D. Sinfluence of the noncontact zones of blanks rolling from aluminum al-
loy on expansiori Qualification scientific work as a manuscript.

Dissertation for the candidate of technicaksce degree, special®p.03.05¢Pro-
cesses and Machines of plastic worldngVinnitsa National Agrarian Universityinni-
tsa. 2019- Vinnitsa National Technical University, Vinnitsa. 201

The dissertation is devoted to actual scientific and technical tasks for improvems
of the procurement phase of thiamped forgingproduction process due to the maximum
approximation of thevorkpiece and finished parshape and siz&he work is aimed at
increasing of the durability elongated products made from billets of alumailays,
based on the determination of theirs rational design, geometric and pmesbanical
parameters of shaping processes and their complex influence on the technological ch:
teristics of parts

As theoretical methods of research, methods of matheahand applied theory of
plasticity, vector graphics, mathematical statistaes,well as thdinite element methqd
implemented in the specialized software complex QForm@ieused. Experimental re-
search of theleformation process were performed ggime methods of physical modeling
and strain gauging, optical and electronic microsc&gtistical methods were used for
the processing of obtained from the mathematical experiment data arrays.

According to the performed literature analysis, it is deteed that hot rolling is
used to obtain shaped billets with creextional areathat areas close as possibie the
size and shape adtamped forgingsThis can reduce the cost of metalcrease the re-
sistance of dieggeduce the cost of die steel agldctricity to perform the stamping opera-
tion as well as reduce the labor contehstamped forgings manufacturing and to increase
production ratesAn analysis of existing rolling schemes showed that the rskpahg in
the crossdirection with thetransverse friction forceappearancecauses expansion, which
has both a negative and a positive effect orfdhming process

Broadening occuras a consequence of tleast resistanckw, which deterrmes
the intensity of theof metaloutflow from the deformationzones in the direction of free

surfaceglue to vertical compression and is a function of many facidrs.analysis of ex-
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isting methods for broadening calculations, allowed to establish, that the most suitable
basic for research are thosaskd orapplying ofthe laws of deformation body mechanics
andconsiderdhemostnumber of process parameters.

When rollingthe workpiecesof a roundcrosssection in smooth rolls or in calibers
there is an incomplete coverage of the perimeter of thes@ection of the workpiece
This is because theontact surface is usually slighttynallerthan the width of theolled
workpieceand theside sectionsof the workpiececrosssection are not subject to direct
compressionThesesidevolumes of theworkpieceare norcontact zones arsignificant-
ly affectsthe metal flow charactem deformationzone,kinematics and dynamics of the
rolling process. One of the reasamsy the broadeningcalculation gives significant devia-
tions is the lack of formula®f broadeningcalculatisn of non-contact zones influence

When deformation under conditions close to isotherimadadeningand leading
with constantcompression degregractically does not change, atite change ofdefor-
mationdegrees leads to change t&f absolute values, therefore research stir@ssstrain
state anddeformation zongeometry in these conditions also directed omolling pro-
cessmprovement.

The analysis of previouslgevelopedolling technological processes designing sys-
temsshowed that the main problem in creating an automated system is the lack of a u
fied algorithm forrolling technological processeslculating and the impossibility of for-
malizing the process of calculating some technological operations, vdgairesthe de-
velopment of a new CAD, which calculatd® influence of the parameters studied in the
work on the rolling accuracy

The use of theoretical calculation methods, based on the stuthfarfmation zone
parameters during rolling with the finite elementthod, allows us to determine the
stressstrain state. The geometric parameters ofiffermedworkpieces were obtained by
measuring theleformation zon&ross sections in a vector format. The dimensions of the
actual deformatiozoneare determined byhestrain rate fields size

The evaluation of deformability during rolling in tim@n-contact zonesegion was
performedby deformation trajectories and plasticity diagramagding. The possibility of

defectfree rolling, when the metal is subjectecctimplexioading,has beemronfirmedby
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evaluation of the used plasticity resource according tonthaiified Dr.Ogorodnikov crite-
rion, which takes into account the significant influence ofgath of deformationleriva-
tive on thedefects repair

The methalology of theoretical estimation of power parameters of the rolling pro-
cessof different aluminum alloyss developegdaccording to whichs obtaineda correc-
tion factor s s, which takesnto account theleformed metastress state and thiee influ-
ence ofthe workpiece widthon the specific pressure duringlling in the temperature
ranged44@Bé. fortagraatetdefonsation force valydo carry out automated
choice offorging rolls model

Rolling rectangular workpieces with different shapes and sizes e¢omiact zones
of in smooth rollgprocessetheoretical researches, allowedestablish théact oftighten-
ing undersmall compressionwhen the deformation does not penetrate into drdral
zones This goes with the fact that theansversaleformation spreads only in the surface
layers without the central ones broadening, and the lineacomiact zones broadening
ma r K/ kfugreaches negative valuédhere is a differenbroadening dr the workpiec-
eswith different shapes afon-contact zones, (mdsgtin workpieceswith rectangulanon
contact zones), which reflects their significant effect on the longitudinal and transverse
formations and determines thecessityto take into account their influence in the calibra-
tion calculation.

For rolling operations of cylindrical sectiamorkpiecesin smooth rollsthe stress
strain state in theleformation zone crossection in cases of presence or absencenf
contact zones imworkpiecess theoretically researheth cases where the workpieces are
subjected to deformatidless thard 0 é 5 QtH absence of the naontactzonesignifi-
cantly improves the uniformity of theeformation zonestressstrain stateand facilitates
metalflow of in the transverse directioand the calculation of the relative linear broaden-
ing will also depend on the narontact zone influencd hat is, the lineabroadening mark
gb/ lpunder all other equal conditions is considerably higher thaoahiad¢ areas, which
do not have nowontact zones, broadening. It does cantributethe metal flow in longi-
tudinal directionIn workpieces without noontact zonesupon reachinghe deformation

degree ot 0 B0%, a norcontact zone is formethat causes thappearance dfansverse
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adhesiorforces causinggreater unevenness and the probabilityeformation zone de-
fects occurrence compared to thoserkpieces wher¢he noncontact zone was formed
gradually.

Theoretical studiesf the geometric parameteo$ cylindrical workpiecesin oval
calibersrolling operationsshowed abroadeninggrowth and also the influence ofon-
contact zones on it, with@liber curvature andorkpiecesdiametergrowth The mecha-
nism of calculating ofbroadeningaccording todeveloped model ahe cylindrical work-
piecesdeformationin the presence or absencenafitcontact zones in oval calibelis
proposed. Imrecommendedntervals1 , 2 5 O ®irdllingaccording to the circleval
scheme, the coefficient aon-contact zonginfluence forbroadening exceed<€)% of the
size of thegeneralcoefficient ofdeformation unevenness, which gives the ground to sep:
rately distinguish the calculationf the broadening size dependence from-oomntact
zones impact

For cases of rolling aluminumorkpiecesin conditions close to isothermal, the
searcheshave showra broadening sizeeductiondue tothe temperature unevenness dis-
tribution reductionby 5 €2 0 A @hich resllts in the stresdrain state alignment
throughoutthe workpiece volumeDependences of these conditions influence on broader
ing during rolling are obtainedand it is shown that deformation conditions, which are
close to isothermal, i ncrease an actheu a
plasticity in the deformed metal zone and improve rolling process conditions.

The experimental studgave shown thathe improved dependenciesing for ra-
tional dimensions of rolling calibesalculating,providesa deeper penetration of the de-
formationinto therolling workpiececentral zones, causimgrainsgrinding and orienta-
tion, improving its structure and tlyeneralrolling accuracyA technique was developed
to predict defects appearance when stampingadrfitial stream after rolling and deform-
ing in final stream operations, performed using simulation, which improved the workpie
and preparatory streaoonformity.

The programmethodical complex of automatedliberscalculation and creation of
threedimensonal rolling sectors modelwith thetheir rational dimensiongrovision, due

to the dependencies investigated in the work usivgs developedThe results of the
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complex include the following steps: the areafoofed forgingscross sectiongalues ob-
taining rolling workpiece parametedeterminationthe number of transitions and system
of calibresdetermination; calibration system calculatidnilding of parametric three
dimensionalolling sectormodels andCAD-systeminitial workpieces

Recommendationfor the shapingprocesses improvememthile hot deformation
processes calculatiomere passefbr implementation at PJSC EMCS (Kramatorsk)e
developed prograrmethodical complex of the system of comptd&ted designing of the
rolling technological process was implemented at the NPC of Scientific and Producti
Center Ukhnal (Kyiv) The results of theoretical and experimental researches are impl
mented in the form of a manual aackused in the educational process in practical, labor-
atory and design work of studerds thedepartmentsf "Processing of metals by psese"
and"Computerizeddesign andnodeling ofprocesses anchachine$ of the Donbass State
MachineBuilding Academy when teaching the discipline "Hot volume stamping"

Keywords: rolling, stamping,broadening,noncontact zones, preparatory stream,
finite element method, approximation, strss®in state, used resource of plasticity,

workpiece
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