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Abstract 

 

The following work was carried out with the goal of studying the functionality of a 

previously realized design of an interchangeable indenter tool for the ball 

burnishing process in a numerical control milling machine with several AISI 1045 

specimens, to identify and corroborate changes in the final roughness obtained and 

the averages of the same material with the application of the process, in addition to 

finding improvements in the process times, to reduce the dead times that translate 

into lower costs, and an improvement in the surface finish. 
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1. Introduction  
 

Due to the high demand and the established requirements, the technification has 

become a necessity for all the industrial processes, in which the purpose is to reach 

better properties in the raw material (materials), tighter tolerances, and last but not 

least an optimization as for the design confers. 
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At present, the diversity of operations is quite high for the machining processes, 

among which milling is the most important, due to the fact that it is the process with 

the greatest use in the metal-mechanic industry [1]. This consists of the detachment 

of material with a multi-edged tool (teeth), called a milling cutter, which is in 

constant rotation and the movements to be treated are carried out by the workpiece 

[2]. The milling machine has many qualities, and its use is quite versatile due to the 

fact that it can machine parts with flat, complex geometries [3]. 

Many machine elements, after being worked by conventional machining methods, 

require improving their physical-mechanical properties, this because these methods 

introduce irregularities in the part and wear the surface of it [4], so they are 

subjected to a surface finishing process which is beneficial to improve their final 

properties. Among the processes for surface finishing, the most commonly used in 

the industry are hand polishing and grinding [5], but it has been shown that the 

implementation of this type of process represents a large part of the total machining 

time, unlike a process known as burnishing can be incorporated into the same 

machines that machine, such as a milling machine or a lathe, and thus greatly reduce 

the times associated with production. In addition, this process is very easy to operate 

and generates excellent quality final surfaces [6]. 

 

2.  Methodology 

Plastic surface deformation (DPS) is a method of surface treatment of parts to 

increase their physical-mechanical qualities, specifically hardness, surface finish 

and compressive residual stresses taking advantage of the plasticity of metals, 

which increases resistance to wear, fatigue and corrosion. 

There are several procedures for the use of plastic deformation as an alternative for 

the surface finishing of mechanical parts, being burnishing a simple, simple and 

easy to apply process and it is possible to apply it to different types of parts and 

metals. 

 

2.1. Review of the concepts: Burnishing 

Burnishing is a cold forming surface finishing process as shown in Figure 1, that 

involves the application of controlled pressure to a surface by means of an indenter, 

either a ball or roller indenter [7]. Both procedures have the same purpose, the 

difference being that ball burnishing is used more for flat or complex surfaces on a 

milling machine and roller burnishing is used to treat cylindrical surfaces on a lathe. 

The roller and the ball must be made of a material with a high hardness between 58 

and 65 HRC [8], the pressure exerted by the indenter plastically deforms the 

irregularities of the treated piece, achieving a leveling of the ridges and valleys 

without the need to remove the material [9]. 

 

2.2. Burnishing characteristic 

Burnishing stands out among the different surface finishing processes as it not only 

improves the roughness of the treated part considerably, between 0.05 to 0.0 but 

also improves its roughness to 5 µm [10], also shows some improvements in the  
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mechanical properties of the work piece, it has been found that it increases the 

useful life of the pieces due to the compressive stresses applied to the surface, due 

to the increase in the resistance to fatigue [7], [11], resistance to corrosion [12], 

resistance to wear [13],  surface hardness, among others, achieving these 

improvements depending on the process variables. 

 

 
 

Figure 1. Burnishing process description [14] 

 

2.3. Burnishing advantages 

Burnishing stands out from other machining techniques due to its ability to increase 

wear resistance due to the leveling of heights and depth of the valleys on the surface 

to be worked. On the other hand, it also helps to remove imperfections such as 

porosity, fingerprints, or cracks left by the machine during the process. The 

burnished piece, usually has tight tolerances, surface hardening, prevents the 

propagation of cracks, among others. 
 

2.4. Tool functionality test 

The tests were carried out with AISI 1045 specimens, due to their wide use and 

utility, to form various elements in the industry. The specimen as shown in Figure 

2 is 10 cm long, 7 cm wide and 1.6 cm thick. 

 

 
 

Figure 2. Distribution of zones on the surface of the specimen [15] 

 

The dimensions of the specimen was intended to burnish 9 equal areas, ranging 

from the virgin area to zone 8, as shown in Figure 3.  
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Figure 3. Buffing parameters per zone 

 

3. Results and Discussion 
 

In each of the areas studied, a total of 3 measurements were made to see how the 

Ra, Rq Rpk and Rvk parameters influence as the 12 mm diameter indenter zones 

were changed [15]. In Figure 4, it is observed that of the 3 measurements taken for 

the roughness parameter Ra, the highest average value is given for zone 8 with a 

value of 3.132, in addition to finding the highest value in zone 5 and 8 3.484. 

 

 
 

Figure 4. Ra values obtained for the different measurements of the different zones 
 

The highest average value of the 3 measurements was found in zone 5 with a value 

of 3.904, followed by zone 8 with a value of 3.743 and ending the top with the 

virgin zone with 3.725, the above is shown graphically as shown in Figure 5. 
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Figure 5. Values obtained from Rq for the different zones 
 

Figure 6 shows that the Rpk parameter undoubtedly had a greater effect on the 

virgin zone than any other zone, meanwhile its next zone, 1, had the lowest average 

value of 1,308. 

 

 
Figure 6. Values obtained from the Rpk study parameter for all zones 

 

 

From the roughness parameters studied, the one that stood out most in terms of 

improvement was the Rvk factor, showing excellent measurements in the last areas 

studied, as shown in Figure 7. Specifically, zone 6 with an average of 8,851, 

however, the highest value can be seen in the first measurement of zone 4 with a 

value of 10,684. 
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Figure 7. Values obtained from the roughness parameter Rvk for the different 

zones 

 

4. Conclusions 
Based on the conclusions obtained by the different authors, the starting point was 

the development of an optimal conceptual design, with which the existing 

characteristics were improved, offering versatility in addition to the wide field of 

use. To verify the properties obtained, the cutting tool was used on AISI 1045 steel 

specimens to improve the ratio between the reductions of the values of the surface 

roughness parameters. The best results were obtained in terms of reducing surface 

roughness when the process was executed with the 12 mm diameter spheres, 500 

mm/min feed rate, 0.1 mm depth radius and 0.05 mm lateral pitch, which 

correspond to zone 1. Of the specimen, where an improvement of 64% and 69% 

was observed in the Rpk and Ra parameters respectively, in relation to the initial 

roughness of the specimen surface. 
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