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Abstract. The paper presents a model-based approach to optimizing

technological processes of dynamic surface plastic deformation. Mathematical
modeling, technological parameters, and material properties are integrated to
determine rational processing conditions. Deformation intensity is used as the main
optimization criterion, while required surface-layer characteristics serve as
constraints. The approach enables systematic selection of effective processing
regimes and provides a basis for improving surface strengthening of engineering
materials.
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The performance and durability of machine components are strongly
influenced by the condition of their surface layers. In modern manufacturing,
particular attention is therefore given to finishing technologies capable of modifying
surface properties and increasing the resistance of components to operational
degradation. Surface plastic deformation (SPD) is among the technological
approaches that can effectively improve the functional characteristics of engineering
surfaces without altering the overall geometry of a component.

The application of SPD results in plastic deformation of the surface layer and
the formation of a strengthened zone with modified structural and mechanical
characteristics. The resulting surface condition can significantly affect the resistance
of components to wear, cyclic loading, and other operational factors. However, the
effectiveness of the treatment is highly dependent on the selected processing
conditions.
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A major problem in the development of SPD technological processes is the
determination of a combination of parameters that provides the required
characteristics of the strengthened layer while making efficient use of the material's
available strengthening capacity. Conventional parameter selection is frequently
based on experimental data and technological experience. Although this approach can
provide acceptable results, it does not allow the entire range of possible processing
conditions to be systematically evaluated or the most appropriate solution to be
identified. To address this problem, an optimization-based approach to the design of
technological processes involving dynamic SPD methods has been developed. The
approach integrates mathematical models of the deformation process with a
systematic analysis of alternative processing conditions. Its principal objective is to
determine processing parameters that ensure the most effective realization of the
material's strengthening potential under specified technological constraints.

The optimization procedure treats the intensity of deformation as the principal
criterion for evaluating alternative technological solutions. The selected processing
conditions correspond to a deformation intensity approaching the equilibrium level
while simultaneously satisfying the prescribed requirements for the treated surface.
This makes it possible to consider the interdependence between deformation
parameters and the resulting characteristics of the strengthened layer rather than
optimizing individual technological parameters separately.

The calculation procedure incorporates a set of initial technological and
material parameters. These include the required thickness of the strengthened layer,
the specified deformation level, the initial and required surface roughness, the
mechanical characteristics of the workpiece material, the permissible range of
indenter radii, and an array of possible processing regimes. Depending on the
particular technological objective, one of the specified characteristics — strengthened-
layer depth, deformation level, or surface roughness — is introduced as a limiting
condition.

A systematic search through the set of admissible processing variants is then

performed. Solutions that do not meet the specified technical requirements are
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excluded, while the remaining alternatives are evaluated using the adopted
optimization criterion. This procedure reduces the selection of processing parameters
to a controlled search within the feasible design space and provides a rational basis

for determining the required SPD regime.
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Fig. 1. Flowchart of the algorithm for optimizing dynamic surface plastic deformation.

The developed approach combines mathematical modeling, technological
constraints, and optimization criteria within a unified procedure for SPD process
design (Fig. 1). Its application makes it possible to move from predominantly
empirical selection of processing conditions toward a more systematic determination
of rational technological parameters. As a result, the approach provides a basis for
achieving the required surface-layer characteristics and for increasing the efficiency

with which the strengthening potential of engineering materials is utilized.
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An optimization algorithm has been developed to determine rational processing
parameters for dynamic surface plastic deformation, ensuring maximum utilization of
the material's strengthening potential. Surface-layer quality parameters of the treated
components are introduced as constraints in the optimization procedure.
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AHoTauifa. ¥V pobomi npedcmasieno mooenvhuil nioxio 00 onmumizayii
MEeXHON02IYHUX NPOYeci6 OUHAMIYHO20 NOBEPXHEB020 NAACMUYHO20 O0e@OPMYBAHHS.
Mamemamuyne MoOento8anHsA, MeXHONO2IYHI —napamempu ma  81ACMUBOCHI]
mamepiany — IHMe2poBaAHO  ONA  BGU3HAYEHHS  PAYIOHANbHUX  YMO8  0OpOOKU.
Inmencusnicms  Oeqhopmy8anHs — BUKOPUCMOBYEMbCA  SIK  OCHOGHUU  Kpumepitl
onmumizayii, Mmool AK HeOOXIOHI  Xapakmepucmuku  NOBEPXHEB020  Wapy
BU3HAYAIOMbCA SIK 0OMEdCEeHHA. 3anponoHo8anull nioxio 0ae 3mMocy CUCMeMAmuyHo
300licHIO8amu  8uUOIp epexmusHux pedcumie 00pPOOKU ma CMEOPIE OCHOBY O
nioBUWEeHHA MIYHOCMI NOBEPXHEB020 UWAPY KOHCMPYKYIUHUX MAMepialie.

KarouoBi caoBa: nosepxnese niacmuune OegopmysanHs, OUHAMIYHE
O0eopmysanHs, mamemMamuyHe MOOENOBAHHS,  ONMUMI3AYIL  MEXHONI02IYHO20
npoyecy, IHMeEHCUBHICMb 0ehOpMY8aHHs, 3MIYHEHHsl NOBEPXHI, MEXHON02IYHI
napamvempu.
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