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Abstract A theoretical model predicting nanostructured layer thickness in shot blasting is developed, linking
technological parameters (pressure, shot size, angle) with material yield strength. Derived from contact mechanics and
validated against experimental data, the model shows thickness is proportional to Vpressure and inversely proportional
to yield strength. This provides a practical tool for optimizing surface hardening to enhance fatigue strength and wear
resistance in critical machine components..
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Anomauia Po3poOieHO TEOPETHYHY MOJIEIb, IO JO3BOJISE IPOTHO3YBATH TOBLIMHY HAHOCTPYKTYPHOTO IIApy
mpu IpodecTpyitHii 00poOIli, MOB'A3YI0YH TEXHOJOTIYHI mapaMeTpu (THCK, po3Mip ApoO0y, KyT) 3 MEXKE TeKy4OCTi
Mmarepiaixy. Mozelnb, oTpuMaHa Ha OCHOBI MEXaHIKH KOHTAaKTy Ta IEpeBipeHa eKCIePUMEHTAIEHIMH JaHUMH, MOKa3ye,
110 TOBIIHMHA MPOMOPLiiiHA \THCKY Ta 0GepHEeHO IponopiiiHa VMexi TekydocTi. Lle € IPaKTHIHUM IHCTPYMEHTOM st
ONTUMI3aIli] HOBEPXHEBOTO 3MIITHEHHS 3 METOIO IMiABUICHAS BTOMHOI MIIIHOCTI Ta 3HOCOCTIHKOCTI KPUTHIHHX JIeTanei
MallKH.

Kniouoei cnosa: npobectpyiiHe 3MiLHEHHS, TpaJicHTHUHA HAaHOCTPYKTYPHUH Iap, aHaIiTHYHA MOJENb, MeXa
TEKy4oCTi, IUIacTHYHa paedopmallisi, KOHTaKTHa 3ajada, TEOPETHYHE MPOTHO3yBaHHS, TOBIIUHA 3MIIHEHHS,
3aJII3HUYHUI BaroH.

Introduction

Improving the performance and service life of machine parts is a key task. An effective method of surface
strengthening is shot peening, which is based on the phenomenon of cold plastic deformation of the surface
layer from the impact of a stream of shot. This leads to the formation of a gradient nanostructured layer. To
obtain the desired layer characteristics in a controlled manner, a quantitative model is needed that links the
technological parameters to the properties of the material. The development of such a model is a relevant
scientific and applied task [1,2].

Research results

Method for determining the hardened (nanostructured) layer.

To analyse this process, a classical solution of elasticity theory for a half-space loaded by a concentrated
force was applied [3]. The corresponding calculation model is shown in Fig. 1.

Let the plane z = 0 be the edge of a semi-infinite solid body, and let a concentrated force P act on this
plane along the z-axis . In the literature, this problem is called the Businescu problem.

The action of a concentrated force on the boundary of a semi-infinite array (Bussinesk's problem) For
radial stress, we can take as a first attempt the formula [4]:
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where P is the impact force,
Moving to cylindrical coordinates, according to the conversion formulas, we should obtain
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To determine the displacements, we use equation (2). The displacement component along the radius r
r
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After substituting (5) into expressions (2) and transformations, we obtain
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For vertical displacements of points on the boundary plane z = 0 for the so-called "day surface™ we obtain the

expression:
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Thickness of nanostructured layer (basic formula)
From (19) the layer thickness is expressed as the width of the contact zone: 6l
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The impact force of one pellet
P = pymR?sina 9)
where is the pressure in the air jet with the shot,p,
R- radius of the grain,
a— the angle between the jet and the surface of the part.
Final calculation formula for layer thickness
After substitution into formula (20):P
§ = R |2Roine (10)

3 or
where:5— thickness of the nanostructured surface layer,
R- radius of the grain,
po— pressure in the jet,
a— angle of incidence of the jet,
or— Yield strength of the material of the workpiece.

Based on calculations according to formula (10), the following table of calculated values of the thickness of the
nanostructured layer (8) can be compiled depending on the yield strength of the material (oT) and the pressure in the jet
(po).

Initial data for calculation:

Particle radius, R = 10 m (0.1 mm)

Angle of incidence of the jet, o = 30°

sin(30°) = 0.5

Figure 2: Dependence of the thickness of the nanostructured layer of the processed material on the yield strength
based on calculations [3]
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1-po=0.1 MPa;2 —po=0.2 MPa; 3 —po=0.3 MPa, 4 —po= 0.4 MPa, 5 — po= 0.5 MPa
Fig. 2. Dependence of the thickness of the nanostructured layer of the processed material on the yield point:

Based on the solution of the Boussinesq problem, analytical expressions for the stress-strain state in the near-surface

layer were obtained. The Mises plasticity criterion was used to describe the transition to the state of plastic deformation.
Conclusions

Based on the model, a numerical analysis was performed for typical conditions. The dependence of the layer
thickness & was calculated for materials with a yield strength of 200-1600 MPa at a pressure of 0.1-0.5 MPa, a grain
radius of 0.1 mm and an angle of incidence of 30°. The results are presented in the table and graph. The analysis
showed that the layer thickness is in the range of ~4.6-28.9 um. It was established that the layer thickness is inversely
proportional to Vot and directly proportional to \/po. For stronger materials, more intensive processing modes are
required. The results are consistent with experimental data on the depth of hardening.
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