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Mechanism for controlling hardening of the surface layer of machine parts 
under static-impulse treatment. 

O. G. Kokoreva 

        Abstract. A new method of surface plastic deformation static pulse 
processing, which allows you to get a smooth transition in unevenly hardened 
structure than excludes the possibility of crack initiation and further destruction of 
parts. 
         Found that the SIO is one of the most effective ways to PPD to regulate the 
varying degree of uniformity of the hardened surface layer. 
        The technique of determining the uniformity of the surface layer after 
hardening and to identify opportunities for its regulation parameters VIU. 
        Keywords: surface plastic deformation, uniform hardening, static pulse 
processing, overlap factor prints, residual stress, microhardness, shock pulses. 

 
One of the most important tasks of modern machine building is the 

technological provision of a given resource of machinery, which depends directly 
on the operational properties of heavy-loaded machine parts. 

It is known that the performance of machine parts is determined by the wear 
resistance of their surface, as well as by such characteristics as fatigue resistance 
and contact fatigue. Therefore, one of the important tasks of mechanical 
engineering is the creation of a surface layer, which, having high quality 
characteristics, would provide the necessary operational properties of machine 
parts. To this end, various methods of surface hardening are currently used: 
coating, heat treatment, surface plastic deformation, etc. 

Known PPD methods (rolling, smoothing, blasting) allow to obtain the depth 
of the strengthened layer 2 ... 3 mm, which prevents the obtaining of a 
heterogeneous structure, not allowing to provide the necessary law for the 
distribution of hardness of the surface layer. However, the existing methods of 
hardening do not allow us to obtain the required depth of the strengthened layer, 
and at a hardening depth of 3-5 mm, stress concentrators are formed, as a result of 
crack formation and softening of the metal. 

Static-pulse processing is a new way of PPD, allowing to solve these 
problems. Thus, the deforming impact of a tool with SIO is characterized not only 
by the energy, but also by the shape of the pulse, which is regulated by the 
geometric relationships of the elements of the shock system. Preliminary static 
pressing of the tool to the hardened surface is necessary for the implementation of 
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a controlled impulse action, due to which the basic elasto-plastic deformation takes 
place. 

By changing the shape of the shock pulse, the movements of the tool are 
regulated during the elastoplastic deformation of the material being processed. This 
allows you to control the diagrams of residual stresses and microhardness over the 
depth of the hardened layer. In this case, it is possible to regulate the uniformity of 
hardening of the surface layer and the alternation of layers with varying hardness 
[6]. 

It is known that an increase in the surface hardness contributes to an increase 
in wear resistance, and a hardened surface layer to a depth of 6 ... 8 mm 
significantly increases the fatigue resistance. In the course of these studies, it is of 
interest to have a surface layer with alternating sections of high and low hardness 
with a heterogeneous structure. In the conditions of operation of modern 
technology, the details of which undergo abrasive wear, the protruding single 
elements of increased hardness make it difficult for abrasive particles to contact the 
base material and allow them to increase wear resistance up to 10 ... 15 
timesincomparisonwithheattreatment [9]. 

It is known that a heterogeneous structure can be obtained by chemical-
thermal treatment in combination with physico-chemical effects, as well as 
coating. The strain hardening for the formation of structurally inhomogeneous 
surfaces is a promising direction because of the economical and uncomplicated 
processing. With surface plastic deformation, the presence in the unevenly 
hardened structure of a smooth transition from areas with increased hardness to 
areas with a low initial hardness excludes the possibility of crack initiation and 
further destruction. 

To improve the operational properties of machine parts and the use of 
different uniformity of the hardened surface layer, it is necessary to develop a 
mechanism for controlling uniformity, depending on the parameters of static-
impulse processing. 

To do this, we define the parameters of the SIO controlling the uniformity of 
hardening of the surface layer. Under the action of impact pulses, plastic 
impressions are formed on the surface, the shape and size of which determine their 
depth, depending on the multiplicity of the action. The generalized characteristic is 
the overlap factor of the prints: 
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where S - feed; f - frequency of impacts; δ is the size of the print. 

The variation of K in the range 0 ≤ K ≤ 1 is of practical importance. At K = 
0, the edge of one print is bordered by the edge of the other, K = 1 will correspond 
to the special case of repeated indentation of the instrument. With increasing 
overlap factor, the degree, depth and uniformity of the hardened layer increase 
[10]. 

Let's consider distribution of uniformity of hardening of a surface layer on 
depth and a direction of giving. Evaluation of uniformity was carried out layer by 
layer. It is proposed to estimate the degree of uniformity of hardening of the 
surface layer through the coefficient of nonuniformityλ: 
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where n is the number of points in the layer in which the hardness is measured; i is 
the ordinal number of the point of the layer in which the hardness is measured (i = 
1, ..., n); - deviation of hardness of points of the measured layer relative to the 
average value of hardness; -hardness of the point of the measured layer; - average 
value of hardness of the measured layer. 

The coefficient of non-uniformity λ determines the average value of the 
hardness deviation from the average hardness value for the n-th number of 
measured points on a given layer. With increasing λ the uniformity decreases and 
vice versa [5]. 

Thus, the uniformity of surface hardening after SIO can be determined in 
terms of the coefficient λ, and the problem is solved when investigating the 
influence of the overlap factor K on the coefficient of nonuniformity λ. In this 
case, the problem was solved experimentally. The investigations were carried out 
on flat samples of steel 45, which made it possible to trace changes in the 
uniformity of hardening with a variation in the overlap factor. The samples 
obtained as a result of the experiment were cut in the feeding direction, polished 
sections were made, the hardness of the Vickers surface layer was measured over 
the depth of the surface layer and in the feeding direction. As a tool, rod rollers 
with a diameter of 10 mm and a width of 15 mm were used. The impact energy 
was 150 J. At the maximum overlap K = 0.9 the maximum hardening depth 
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reached 6 mm, and the maximum degree of hardening was more than 60%. For 
other steels and a higher energy of impact pulses, a greater depth of the hardened 
surface layer can be obtained, reaching 10 mm [5,6]. 

The evaluation of the uniformity of hardening is performed as a function of 
the overlap factor K (Fig. 1). It was found that the greatest value of the coefficient 
λ = 10% is reached at K = 0 at a depth of 0.9 mm, the smallest λ = 3% at K = 0.5 at 
a depth of 1 mm. It should be noted that there are two characteristic layers (see 
Figure 1). The first is the upper surface layer with a thickness that is the most 
deformed after SIO. It has the greatest hardness and uniformity of hardening [7]. 

The second layer, in which the sections with high and low hardness 
alternate, has the worst uniformity of hardening. The hardness of the underlying 
layer, obtained as a result of cold work, is gradually leveled, i.e. there is a smooth 
transition to the hardness of the parent metal, and the uniformity of hardening 
increases. 

It was established that the greatest value of the coefficient λ = 9.8% is 
reached at K = 0 at a depth of 0.9 mm, the smallest λ = 3% at K = 0.5 at a depth of 
1 mm. It should be noted that there are two characteristic layers (see Figure 1). The 
first is the upper surface layer with a thickness that is the most deformed after SIO. 
It has the greatest hardness and uniformity of hardening. 

The second layer, in which the sections with high and low hardness 
alternate, has the worst uniformity of hardening. The hardness of the underlying 
layer, obtained as a result of cold work, is gradually leveled, i.e. there is a smooth 
transition to the hardness of the parent metal, and the uniformity of hardening 
increases [7]. 

 

 
Figure 1. Change in the uniformity of hardening of the surface layer in depth 
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1)К = 0; 2)К = 0,25; 3)К = 0,5 

 
Figure 2. Change in the uniformity of hardening of the surface layer along the feed 
direction 

1) К = 0; 2) К = 0,25; 3)К = 0,5 

With an increase in the overlap factor K, the thickness of the first layer 
increases, and the second layer decreases. So, for K = 0: the thickness of the first 
layer = 0, the thickness of the second layer = 2 mm; at K = 0.25: = 1.35 mm, = 1.5 
mm; at K = 0.5: = 2.8 mm, = 0.9 mm [6]. 

Thus, uniformity of hardening can be achieved even with a small overlap of 
prints with a coefficient K ≥ 0.25. 

 

Conclusions: 

 One of the promising directions for increasing fatigue resistance, wear 
resistance and contact endurance is the creation of a hardened surface layer 
with a heterogeneous structure. The use of PPD methods allows a smooth 
transition between sites with different hardness, which excludes the 
possibility of microcracks arising between them and further destruction. 

 It has been established that one of the most effective PPD methods, allowing 
to precisely regulate the different degree of uniformity of hardening of the 
surface layer, is static-pulse treatment. 

 A method for determining the uniformity of the surface layer after strain 
hardening has been developed. 

 The possibilities of regulating the uniformity of the hardened surface layer 
with the help of SIO parameters are determined. 

 It has been established that a hardened surface layer with depth up to 10 mm 
or more can be created with the help of SIO with a practically uniform or 
heterogeneous structure. 
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