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    Abstract


    This paper discusses about the surface engineering improvement by means of shot peening. Shot peening improves the surface engineering quality by eliminating the tool marks, such as machining, grinding, stamping and other surface defects. Most importantly, the improvements of shot peening are produced by combination of compressive stress and cold work. Compressive stresses are beneficial in increasing resistances to fatigue failures, while the cold work effects of shot peening treatments can increase the surface hardness. It employs a steel shot media running at high speed to smash the material's surfaces systematically, which results in a compressed and condensed surface. Several factors influence the effectiveness of shot peening. They are namely shot nature, shot size, shot hardness, Almen intensity, shot angle and coverage. The focus of this research is finding the influence of the shot size. The approaches used are analytical, computational, and experimental studies. The center of the study is the influence of shot size in the generation of the compressive residual stress. Through analytical, computational and experimental approaches, it is confirmed that the shot size has influence on the depth of the peak residual stress rather than the surface residual stress. This research reaffirms the qualitative understanding with quantitative and comprehensive approaches that can also be used for further in depth research in surface engineering improvement especially via shot peening.
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    Introduction


    Shot peening has been used for decades as a measure to overcome surface engineering problems in various industries. Its improvements are produced mainly by combinations of compressive residual stress and cold work. Compressive residual stresses are known to be beneficial in increasing resistances to fatigue failures and corrosion fatigue, while the cold work effects of shot peening treatments can increase the surface hardness of many materials [1]. It is believed to be the most economical and effective method of producing and making surface residual compressive stresses to increase the product life of treated metal parts. The increased strength of treated parts allows for lighter-weight parts that exhibit high wear and fatigue resistance.


    The process can be defined as work hardening to the surface of components by propelling streams of spherical shots to the surface. The surface layer of material yields plastically to generate residual compressive stress. Among the practitioners, it has been known well that many parameters influence the efficiency of shot peening process. These are the peening coverage, saturation, shot material, shot size, speed, and peening time [2].


    In this research, the focus is on the effect of the shot size. This topic is chosen due to the reason that fundamental understanding on this influence is low. For very long time, this subject has been regarded as a "black engineering" which the perceived of benefit using larger size is real but the reasons of those benefits were not disseminated by those who understand. In a way this paper is promoting to the academics for the science of shot peening, instead of keeping the "black art of shot peening" in the industry. This attempt is also on the line with the policy among the shot peeners [3] from long time ago.


    Analytical Solution


    The starting point for the construction of the shot peening model is the solution of the problem for a single impact of a ball on a half-space [4]. The initial data for the models are:


    V - Speed of flying shot balls;


    R - Radius of shot balls;


    ρ - Density of the shot ball material;


    E - Elastic modulus;


    µ - Poisson's ratio;


    σ u = G u ( ε u ) - Material hardening curve.


    A ball flying at a speed V hits the surface, contact forces develop in the contact zone, and the kinetic energy of the ball begins to be transformed into the elastic energy of the ball/half space and plastic deformation of the material to be shot peened. After the velocity of the ball becomes zero, the following condition is achieved:


    m v 2 2 =K(AΠ+AШ)                                                                                (1)


    Where


    AΠ - Is half-space energy;


    AШ - Elastic energy of a ball;


    K - Correction factor, taking into account the influence of the roughness of the hydrodynamic film formed at the moment of impact.


    Equation (1) is the starting point for the formation of boundary conditions for the contact problem with an inhomogeneous half-space. In order to calculate the work AΠ , it is necessary to find the stress distribution in the half-space. To do this, we solve a system of differential equations describing the elastoplastic behavior of the material. Taking into account the axial symmetry, the set of equations is most conveniently written in the cylindrical coordinate system (r,θ,Z), where r - radius, Z - axis, directed along the axis of symmetry, θ - polar angle.


    It is assumed that the mass forces are absent after collision, so the equations of equilibrium are as follows:


    d σ r dr + d τ rz dZ + σ r - σ θ r =0                                                                (2a)


    d σ Z dZ + d τ zr dr + τ zr r =0                                                                       (2b)


    In what follows, the following notations are used:


    σ r ,  σ Z - Radial and axial stresses;


    ε r ,  ε Z - Radial and axial deformations;


    u, ω - Radial and axial movements;


    τ zr =τ - Tangential stresses;


    γ Zr =γ - Shear strain;


    θ - Bulk deformation.


    d( σ r r) dr + d(r τ rz ) dZ + σ θ =0                                                              (3a)


    d( σ Z r) dZ + d( τ zr r) dr =0                                                                           (3b)


    This is done to make it easier to approximate the system being solved on the Z axis. Indeed, the system (3a,3b) can be correctly solved only under the condition that:


    lim r→0 r σ r =0, lim r→0 r σ Z =0                                                                   (4)


    These limiting relations are also established when finite-difference formulas are realized. To solve the problem, the finite volume of the half-space in the form of a cylinder of radius R and height H are selected. On the upper base of the cylinder, the boundary conditions are given in the displacements (Figure 1), which are: a) Within the contact area u = u0, ω= ω 0 , where (u0, ω 0 ) is the introduction of an indenter into a half-space at specified distances from the Z axis; b) Outside the contact area it is free, that is, at the corresponding nodes the system (Equation 4) is solved.


    In addition, in connection with the lack of friction, the tangential stresses on the surface are zero τ=0 . On the lateral face of the cylinder r = R and on the lower base Z = H the boundary conditions are given in the stresses, which are calculated from the formulas of the theory of elasticity, namely, on the lateral surface:


    σ r = σ r yΠp (R,Z);τ= τ yΠp (R,Z)                                                       (5a)


    at the bottom:


    τ r = τ r (r,H); σ z = σ z yΠp (r,H),                                                          (5b)


    Where σ r yΠp , σ z yΠp , τ yΠp are calculated from the formulas for solving the problem of indentation by a spherical indenter into an elastic half-space. In this case, the dimensions of the cylinder must be chosen so that the area of plastic deformation is inside the cylinder. On the axis of symmetry r = 0 as boundary values we take the following conditions: ur = 0, since on the axis of symmetry the radial displacement is zero; τ zr =0 similarly, by virtue of symmetry.


    To describe the plasticity processes, we use the equations of the theory of small elastoplastic deformations and the method of elastic solutions, which, after some transformations, can be written in the form of Hooke's law:


    ε r = 1 E * [ σ r - V * ( σ θ + σ r ) ];                                         
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