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Abstract: The schemes of tools for Surface Plastic Deformation 

(SPD) in processing holes is the most spread method in the 

processing engineering. Rotation rolls (balls, cone-shape or 

spherical rolls) are being used as deforming elements. They 

deform through axial feeding, rolling over the processed surface. 

There are two main groups of tools – “Tools operating with axial 

feeding“ and “Tools with radial feeding“. The main feature of the 

tools with axial feeding is the helical character of the trajectory of 

the deforming elements on the processed surface. These tools 

have some disadvantages which could be avoided by using the 

tools with radiall feeding, the tools with periodical radial feeding 

and the tools with dynamic work. 

Key words: surface plastic deformation (SPD), axial feeding, 

radial and periodical radial feeding, dynamic work. 

 

1. INTRODUCTION 

 

Surface Plastic Deformation (SPD) is a heavy-duty method for 

finishing processing of details. It provides a combination of 

geometrical and physical characteristics of the quality of the 

working surfaces, which has a great impact on their exploiational 

properties [4, 5, 10]. There are plenty of other advantages, which 

motivate the wider spread of SPD, and also the necessity of its 

improvement and appropriate applying. In most of these cases, 

the deforming elements are rotating bodies applying their 

deformation effect, rolling on the machined surface [2, 5]. 

Deforming elements are also used which are a guide-smoothing 

elements with prismatic shape operating at a sliding friction on 

the machined surface [1, 7]. 

Combined tools combining the cutting and SPD are also being 

used at machining of internal cylindrical surfaces [3]. The cutting 

can be performed either by boring [10] or by tools for deep 

drilling [8]. 

Depending on the properties of the contact determining the 

scheme of kinetic interaction between the technology system 

elements, there are two kinds of tools [4, 5, 6, 10, 11]. 

 

2. ANALYSIS  
 

Tools operating by schemes corresponding to those for 

processing through cutting, are known as “Tools operating by 

axial feeding” (Fig.1, a). This group has been used since the 

earliest stages of application. It helped the creation of a great 

number of constructive variants of tools, operating by forces axial 

feeding or by feeding themselves [11]. A basic characteristic of 

the tools by axial feeding id the helical character of the trajectory 

of the deforming elements on the processed surface. It takes a 

guaranteed recovering of the generant, which length is equal to 

the length of the contact zone. The reason for that is the short 

length of the deforming elements (balls, cone-shape or spherical 

rolls). It is known that pressure doesn’t divide equally in the zone 

[4]. Its maximum value and the ones near it, determining the 

primary effect of the deforming impact, include a section long 

around one third of the length of the generant. This means that at 

50% recovering of the generants, there will be sections of the 

surface with varying degrees of deformation alternate with each 

other on the processed surface. This results in different values of 

the quality parameters. The reducing of this nonhomogeneity 

requires working with low feeding but it usually is economically 

unprofitable an in practice we usually use several times greater 

feeding. However, the increase of the feeding goes together with 

an increase in the nonhomogeneity of the quality of the processed 

surface. The increase of the number of the deforming elements 

reduces the negative consequences of this disadvantage but it 

cannot remove it completely – the greater number of the 

deforming elements makes the instrumental equipment more 

expensive and puts limitations related to the diameter of the 

processed holes. There are some defects characteristic to the tools 

with axial feeding [10]: 

 limited application for short holes with high requirements 

for accuracy, resulting from a too high increase of the share 

of the so called “extreme effect” (an increase of the diameter 

of the hole in close proximity to the breaks of its surface); 

 these tools cannot be used for processing of holes which 

have unlocked contour and diameter less than 25mm in length  

 these tools have limited possibilities for correcting of the 

accuracy of the form of the holes because of the short length 

of contact of the deforming elements and the processed 

surface; 

 the productiveness is limited by the possibilities for 

increasing of the axial feeding.  

In the other group – “Tools without axial feeding” – most of the 

indicated defects are overcome. Their basic characteristic feature 

is that the length of the contact zone between the deforming 

rollers and the surface of the hole is equal to the length of the 

generant of the processed cylindrical surface. This is a 

precondition for realization of heavy-duty finishing processing. 

The group of the tools without axial feeding includes the tools 

with radial feeding, with periodical radial feeding and with 

dynamic work [4].  

The tools with radial feeding (Fig.1, b) use long conical rolls as 

deforming elements. Their characteristic features are: their 

productivity is considerably higher than the tools with axial 

feeding; the time for processing doesn’t depend on the hole 

length; the extreme effect is inconsiderable; the kinematics of the 

process is simpler (there is not axial feeding of the rolls); there is 

the possibility of processing with high accuracy and processing of 

interrupted surfaces [6].  

The negative aspects of these tools are caused by the conical form 

of the deforming rolls [10]. The conditions at which the 

deforming effect on the processed surface is going are unequal, 

this caused by the difference of the diameters in the separate 

radial sections of the rolls sliding along the whole length of the 

contact zone and the change of its width. The gradient of the 

change of these conditions is as higher, as greater is the angle of 

the cone of the deforming rolls. The indicated unequal conditions 

determine not-homogeneity in the quality along the length of the 

processed surfaces.  

The deforming elements of the tools with periodical radial 

feeding (Fig.1, c) are cylindrical rolls [3, 10]. The use of such 

rolls leads to elimination of the defects related to the not-

homogeneity in the quality of the processed surfaces. There are 

other characteristic features of the tools with periodical radial 

feeding, namely: 

 there isn’t relation between the diameter and the length of 

the processed holes – this makes them applicable in wide 

field of diameters (form10 to 200mm);  

 they have simple, reliable and technological construction, 

which allows them to be used for various metal cutting 

machines (universal-, special-, automatic-, multi-purpose and 

other machines).  

The tools with dynamic work (Fig.1, d) have cylindrical 

deforming rolls. Their main feature is the short period of the 

contact action between the rolls and the processing surface. This 

results in effects that allow processing of details for which the use 

of other kinds of SPD tools is not possible because of the little 

stability of the walls of the details.  
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The particular constructive variant provides coordinated rotary 

motion of two concentric separators, in which there have been 

placed respectively percussive and deforming rolls. The 

separators rotate at different angular speeds, therefore: 

 they create preconditions for control of the process of 

forming of the secondary longitudinal ruggedness. That gives 

the desired parameters of the quality of the processed 

surfaces;  

 by means of regulation of the frequency of rotation of the 

separator of the percussion rolls it is possible to create effects 

typical for the tools with elastic work.  

The indicated characteristics of the varieties of holes processing 

tools and of the processes realized through them lead us to make 

the following considerations related to their field of application: 

 the processing of interrupted cylindrical surfaces requires 

the use of tools at which no axial feeding motion is realized;  

 it is expedient to use tools with axial feeding with the 

length of the holes greater than 260 mm, if the loss of bearing 

area of the connection must not be higher than 5%;  

 the use of tools with radial and periodic radial feeding 

with of the processed holes over 160mm is approved;  

 the possibilities for application of the tools radial feeding 

are narrow because they depend on the proportion between 

the length and the diameter of the holes;  

 the tools with dynamic work overcome the difficulty in 

processing thin-walled and unequal-walled details which 

makes them a successful replacement of the tools with radial 

and periodic radial feeding;  

 the use of the tools with periodic radial feeding and those 

with dynamic work allows us to achieve much higher 

homogeneity of the quality of the processed surface, 

compared to the tools with radial feeding;  

 the possibility to control the tools with dynamic work, 

thus securing equal deforming force, and the possibility the 

tools with radial feeding to operate as ones with elastic work, 

allows us to reach homogeneity of the roughness within a 

pack of details;  

 the possibility to regulate the size of the diameter of the 

tools with axial and radial feeding (within certain limits) 

allows them to be used for processing of holes with small 

differences in their nominal diameters;  

 if it is possible to use two or more than two kinds of tools, 

the choice depends on the economic evaluation.  

On the basis of the explained considerations it has created and 

algorithm for the choice of an instrument for SPD. Beside the 

four shown schemes of tools it is produced a fifth one, related to 

the use of guide-smoothing elements with prismatic shape (Fig.1, 

e) [9]. They can be applied for machining of holes with different 

diameters. 

 

3. CONCLUSIONS 

 

1. The described properties of the tools with and without axial 

feeding show that they are sufficiently varying and cover a great 

range of technical requirements of the processed surfaces. This is 

a precondition for expanding of the application of the SPD 

method.  

2. The differentiation of these properties requires a strict defining 

of the fields of independent application of a particular scheme of 

instrument with an emphasis on the actuality of application of the 

tools without axial feeding.  

3. The created algorithm (Fig.2) for choice of an instrument for 

SPD is a precondition for the introducing of automated projecting 

of the technological equipment which is used for realization of 

the SPD method for processing of holes.  
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Fig.1 a - Tools operating by axial feeding; b - Tools with radial feeding; c - Tools with periodical radial feeding; d - Tools with dynamic 

work; e – Combined tool for hole making b c 
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Fig.2 Algorithm for choice of an tool for SPD 
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Continuation of Fig.2 

 
Fig.2 Algorithm for choice of an tool for SPD 
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