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Abstract. Prospective methods of combined plastic deformation, which contribute to the development of
technological capabilities, scope and competitiveness of precise volumetric extrusion processes, are considered.
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The development and implementation of new science-intensive technological processes is one of
the most important areas for intensification of machine-building production. Cold and hot extrusion
processes are resource-saving and competitive technologies for manufacturing precision parts of
machines and devices.Combined and hybrid processing methods based on a combination of traditional
working by pressure methods with additional effecting methods are becoming more widespread in
machine-building [1-4]. In working by pressure this has led to the proposal of number of original
technologies for combined action and processing, such as thixo stamping, isothermal stamping, roll
and thermal friction stamping, local deformation, hydro- and screw extrusion.

Now, deformation processes with additional force and kinematic influences are becoming actively
spread, which makes it possible to ensure optimal control and regulation of the metal flow in the
deformation zone, the stress-strain state of the workpiece and, consequently, the quality of the formed
part [2, 4]. The process can be considered as combined one if, in addition to the main action (method),
it also uses an additional action on the workpiece, which can be a force and (or) kinematic effect.
Creation of additional force actions by tension, counterpressure, directed friction forces, support,
twisting, etc. requires, as a rule, the applying additional energy and additional movement to other parts
of the technological tooling (equipment, dies). This may also require a special (generating) force
action [4, 5].

Under the kinematic influence one should understand the influence on the kinematics of the flow
process of the deformed workpiece by purposefully regulating (controlling) the direction of the flow,
the nature of the deformation, ensuring freedom of flow, creating a different stress-strain state for the
prevailing deformation scheme. The kinematic effect can contribute to a significant improvement in
structure working of the deformed metal, even out deformation unevenness and eliminate stagnant
zones. For processes of cold extrusion of hollow parts such as sleeves and cups with characteristic
high total and unit loads, one of the main objectives of the kinematic action is to increase the degree of
freedom of the flow [3-6].

A promising direction in the development of precision stamping technologies is the implementation
of methods for combined extrusion of complexly profiled parts based on a combination of traditional
longitudinal extrusion schemes with transverse (radial and side) extrusion methods in split dies [3, 4,
7]. These methods are distinguished by their multivariate versions. In addition to the advantages
characteristic of combined schemes (optimal and self-regulating force mode, high degrees of forming),
the inclusion of transverse radial flow schemes leads to a decreasing hydrostatic pressure in the
deformation zone (Fig. 1, schemes 1-3) and to a noticeable increasing the complexity of the shape of
the parts obtained.

The useful applying of contact friction forces is also an important reserve in the intensification of
volumetric deformation processes. In this case, both the forces of active friction (created by the
movement of the die in the direction of the flow of the metal or the support punch in the direction of
movement of the punch) (see Fig. 1, scheme 4), and the forces of reactive friction acting on the surface
of the part (scheme 5) [4] are useful. The application of tension forces to the formed part (scheme 6) is
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aimed at reducing the load on the punch, and the counterpressure is aimed at improving the quality of
the stamped parts [1, 5, 7].
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Fig. 1. Methods for extrusion of hollow parts
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NEPCIHEKTHUBHI HAIIPSIMKHY PO3BUTKY TEXHOJIOT' T BUJIABJIOBAHHA
Anomauyin. Po3ensinymo nepcnekmueHi  cnocoou KOMOIHOBAHO20 NIACMUYHO20 O0e)opMyeanis, sKi
CHpUSIIOMb  PO3GUMKY MEXHOAOSTUHUX MONCIUBOCHIEU, Cchepu 3aCmOCYS8aAnHS MA KOHKYPEHMOCHPOMONCHOCI
npoyecie mouHo20 06'€MHO20 WMAMNY8ANHS BUOAGTIOBAHHSIM.
Kniouogi cnosa: suoasniosanis, kKomoinoeane 0eqhpopmysants, CULOGULL GNIUE, KIHEMAMUYHUL 6NIUS, CUTU
mepmsi.
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