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Abstract:The present work describes the main advantages of the implementation a 

newapproachfor ball-burnishing process, for precisely formation of regularly shaped roughness on 

external planar and cylindrical functional surfaces from machine parts. The considered approach 

includes the capabilities of contemporary CAM software products for automated programing, and 

3-axis vertical or 4-axis horizontal machining centrescontrolled by CNC. A mathematical model 

developed for generating the sinusoidal curves, which represents needed toolpaths and an 

algorithm for obtaining the NC-code for corresponding machine tools are presented. The principle 

of the purposed processing schemes for ball burnishingof external planar or cylindrical surfaces is 

described and conclusions about the advantages of the purposed approach are given. 
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1. INTRODUCTION 

There are many examples, which confirmed thatthe specific roughness of the contact 

surfaces (see Figure 1 a ÷ d), obtained after the classical finishing machining processes 

(likefinish milling, turning, grinding, polishing, etc.), do not always meet the specific 

operational requirements of the machine parts.It mainly concerns some cases ofheavily 

loadedsliding friction pairs, surfaces that interact with fluid streams, and those designed to 

reflect or distract different types of electromagnetic radiation (e.g. light, heat and other types 

of of radiation) [2,9,10,11].  

 

In this regard, there are some finishing processes based on plastic deformation of the 

surface layer[1,2,3,11],as conventional ball-burnishing process and ball-burnishing process 

assisted by vibrations, after implementation of which can be obtained specific plastic 

deformed roughness on the processed surface. Comparing two variations of this method, the 

vibration assisted ball-burnishing process is characterized with better opportunities for control 

the parameters of the quality of the obtained regularlyshaped surfaces [1, 11]. This method is 

    

a) b) c) d) 
Fig. 1.Motif profiles with typical forms of roughness occurring after implementation of some of the traditional 

methods for finishing machining [1]:  

а) after finish turning; b) after finish milling; c) after grinding; d) after polishing. 
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basedon plastic deformation in cold state of the surface layer of the workpiece by pressing the 

hard steel ball with certain external pressing (so cold burnishing) force, and also the ball 

elementtraveling along to complex (sinusoidal) toolpath trajectory, provided by an eccentric 

mechanism. By using certain combinations of the regime parameters of the process, it is 

possible to obtain an appropriate combination of traces by plastic deformation and thus obtain 

patterns with a regularly shaped roughness, of the type shown in Figure 2 (a ÷ f). They are 

characterized with parameters of the profile of roughness asperities and operational 

characteristics, which radically differ from those, obtained after conventional finishing 

methods for machining by cutting, like turning, milling, grinding, etc.[4] (see Figure 1). 

 

Type I Type II Type III Type IV Type V

Motif profiles

a) b) c) d) e) f)

 
 

Fig. 2. Typical surface patterns with regularly shaped roughness, obtainedafter implementationof the vibration 

assisted ball-burnishing process [11]: a) a system of not touching each other traces; b) a system of touching 

each other traces; c) a system of intersecting each other traces; d) regularlyshaped roughness with hexagonal 

cells; e) regularlyshaped roughness with rectangular cells; f) completely overlapping each other traces. 

 

For example, depending on the physical and mechanical characteristics of the processed 

material and regime parameters of this type of ball-burnishing process (the burnishing force, 

feed rates, and the diameter of the ball) the following parameters of roughness are usually 

obtained: 

• very large radii of curvature of the roughness asperities (usually between 800 and 

8000 μm) at maximum height from 30 to 75 μm, 

• small angles of inclination of the roughness asperities profile from 0
0
 30' to 3

0
, and  

• large pitch between the adjacent peaks of the roughness (between 500 and 3500 μm). 

Thus, the conditions for contact interaction between functional surfaces of the machine 

parts after implementation classical or vibration assisted ball-burnishingprocesses are 

significantly improved [1,2,9]. Moreover, after implementation of these methods the hardness 

in the surface layer of the parts increases creating compressive residual stresses, which 

significantly improves the wear resistance and their fatigue life [11].  

Along with operational advantages after implementation of the vibration assisted ball-

burnishing process [2,3,8,9, and 12], there are some technological limitations when using 

manually controlled machine tools forperforming this finishing process. They are as follows:  

a) The standard construction of the manually controlled machine tools is usually 

insufficient for obtaining the needed complex trajectory of movement of the ball tool. This 

requires additional eccentricdevices to be usedto provide the needed oscillating movement of 
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the ball tool. This complicates the application of the method as well as introduces forced 

oscillations into the system: machine – tool– workpiece, which may cause unstable work; 

b) Feedrates of the manually controlled metal cutting machines can be changed in a 

limited range, and only with certain values, which is leads to restrictions in the achieved form 

and dimensions of the cells from the regularly shaped roughness; 

c) The lack of general kinematic synchronization between spindle and feed movements in 

manually controlled milling machines,andwith the oscillations of the ball-tool often results in 

non-uniformityinobtained shape and size of the cells in the same processing area; 

d) In order to prevent the formation of cells with significantly different shape and size 

within the processed areait is necessary to interrupt the contact between the ball tool and the 

burnished surface [8]. This often leads to shock loads of the tool and shortens its service 

period; 

e) Relatively low feedrates, which can be achieved by using manually controlled 

machines, combined with the need to interruptthe contact between the ball element and the 

processed surface, leads to a significant increase in the processing time and consequently low 

productivity. 

Due to these reasons, ball-burnishing processnot yet received wide distribution, and its 

application is limited tomanufacturing onlyfor specific machine parts in terms of single item 

/one off/ type of the production. 

 

2. MODELING AND PROCESSING REGULARLY SHAPEDROUGHNESS USING 

CONTEMPORARY CAM SOFTWARE AND CNC CONTROLED MACHINE 

TOOLS 

 

2.1. Particularities in modelling of the regularlyshaped roughness 

Obtaining regularly shaped roughness of the types, shown in Figure 2 (a ÷ f) is possible if 

appropriate CAM software and CNC machine tool are used, instead of manually controlled 

machine tools with additional generating oscillations devices. In this case, the described 

above disadvantages and limitations of the traditional processing approaches for vibration 

assisted ball-burnishing process can be considerably minimized and some of them can be 

completely avoided. This is due to high accuracy, stability, speeds, and feedrates of the 

contemporary CNC machine tools and their ability to provide complex interpolated 

trajectories for movement of the tools around the machined surface. The ability for 

simultaneous control of the tool movement in two (or more) axes in modern CNC control 

systems eliminates the necessity of using additional devices for providing oscillations. 

Therefore, by using them it is possible to achieveall types of the regular shaped surface 

roughness patterns, shown in Figure 2 (a ÷ f) with high accuracy and repeatability of the 

parameters of the shape and size of the cells. 

 



 Fiabilitate si Durabilitate - Fiability & Durability   No 1/ 2017 
 Editura “Academica Brâncuşi” , Târgu Jiu, ISSN 1844 – 640X 

 

 

 

 

 

 

 

352 

2.2 Modellingthe toolpaths for planar and cylindrical external surfaces 

 

From Figure 2 (a ÷ f) can be seen, that all five types of regularly shaped roughness can be 

obtained by creating tangent, intersected or overlapped traces by the ball tool. It is enough for 

the ball tool to perform only a sinusoidal trajectory, but for the different patterns, the 

corresponding sinusoidshavedifferentcombinations of peak amplitude (2.a) and period (Sy), as 

well as the individual toolpaths are spaced at different distances (Sx) (or rotated at different 

angles α)  from each other (see Figure 3. a, b). Therefore,it is possible to create mathematical 

model, based on sinusoidal curves for describing the geometrical parameters of the all five 

types of patterns with regularly shaped roughness, shown in Figure 3 for external surfaces 

from machine parts, which have planar (a) or cylindrical (b) shape.  

Proposed mathematical model is based on a pair of odd periodic functions forming the 

2D sinusoidal curves of the type shown in Table 1, whichhave phase shiftbetween 0 and 180 

degrees. The mathematical model can be presented with the following pair of equations, used 

for calculation of the coordinates of the points of each of the sinusoidal curves: 

i
ys

L
iY   

Si
ys

L
aiX )2sin(.       (1) 

where: 

 L, [mm] is length of the sinusoidal curves (which is depend on the length of the ball-

burnished area); 

 2а, [mm] is the amplitude between peaks of the sine wave; 

 Sy, [mm] is the period of the sine wave; 

 L/Sy= k is the number of individual sine waves within the length L of one single curve; 

 i = 0...n is the number of points of the sinusoidal curves; 

 φ= 0...180
0
is the angle of the phase shift; 

 s (s = 1,3,5…) is exponent parameter, which influences the shape of the curve; 

Table 1 shows resulting curves,obtained withexample values of the parameters (k = 5,a = 

1, i = 300, φ = 180
0
) in the pair of equations (1) and for three different exponent values s = 1, 

3, and 5. As seen from Table 1, the resulting curve has a sinusoidal shape when s = 1, 
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a)              b) 

Fig. 3. Diagrams of the toolpaths of the ball tool for obtaining regularly shaped roughness:  

a) for planar surfaces using 3-axis vertical milling machine, b) for cylindrical surfacesusing 4-axis horizontal 

milling center. 
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Table 1: Types of curves obtained from pair of equations (1) for three values of the exponent s. 

Values of the exponent 
Shape of curves and area 

dimensions 

Percentage difference in areas 

ΣA and B 

s = 1 
 

75.19% 

(B > ΣA) 

s = 3 
 

26.26% 

(ΣA > B) 

s = 5 
 

48.59% 

(ΣA > B) 

 

 

approximately sinusoidal shape when s = 3, and when s = 5 (and greater) the curve become 

more and more excessive. 

One of the most important condition aboutregular shaped roughness from IV
-th

 type (see 

Figure 2 d, e) is to obtain cells with a high repeatability of the shape and dimensions, and 

therefore the shape of the toolpath curves will have a significant effect on this condition. The 

areas ΣA and B of curve shapes are calculated (as shown in Table 1), for comparison the 

degree of inhomogeneity which will be obtained at the three different values of the exponents 

in pair equations (1). They can be determined by using the following equations: 

 

 


0

.)sin( dxsxaB   



0

.)sin( dxxaaA S
  (2) 

Changing the values of the s in formulas (2) and integrating them in the range from 0 to π, the 

following expressions for the areas are obtained: 

- for s=1: B= 2.a, and ΣA= a. (π - 2); 

- for s=3: B= (4.a)/3, and ΣA= a. (3.π - 4)/3; 

- for s=5: B= (16.a)/15, and ΣA= a. (15.π - 16)/15; 
 

Setting the parameter a = 1 in the equations (2) and expressing the ratio B/ΣA in 

percentages,the values in Table 1 are obtained for the percentage differences between areas 

ΣA and B. When the model’s parameter s = 1, the obtained no uniformityis equal to 75.2%, at 

s = 3 the no uniformity is26.3% and at s = 5 it will be 48.6%. Therefore, the best uniformity 

of the shape of the cells from regularly shaped roughness is obtained when the value s = 3 in 

pair of equations (1), where the difference between areas ΣA and B has the smallest value. 
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2.3. An algorithm for programming the CNC based ball-burnishing operations 

 

Contemporary CAM software products haveintegrated modules(or features) which allow 

to program 2D contour milling operations, using 2D curves for representing the needed 

toolpath. They can be used for modelling the toolpath for ball-burnishing operation, based on 

pre-defined two-dimensional curves, by usingsome appropriate mathematical software 

program (like Mathcad, S-math, etc.)and the pair equations (1)[6]. They have integrated 

modules for drawing planar or spatial curves based on user defined mathematical functions, 

orimport them from already existing CAD files. Once they are drawn(or imported from 

external file), these curves can be set as a tool path, and after that can be post-processedinto 

NC-code for control the corresponding CNC machine.Therefore, the algorithmforobtaining 

the appropriate NC-programincludes following four main steps (see Figure 4): 

1.  Preliminary modelling of the pair of curves in a suitable CAD-CAM system (such as 

SMath Studio, Solidworks, FeatureCAM, etc.) and adjusting the parameters of the model to 

obtain relevant shape and dimensions of the cells from regularly shaped roughness; 

2.  Graphically obtaining suitable curve(s) and export them in an appropriate CAD format 

that is importable into the CAM software (for example, IGES, DXF, DWG, etc.);  

 
 

Fig.4. An algorithm for creating ball-burnishing operations for 3-axis vertical and 4-axis horizontal CNC-

controlled milling centers. 
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3. Importing the curves into appropriate CAM software and performing spatial 

transformations for properly orientation according to the ball-burnishedplanar or cylindrical 

surface. In this step corresponding rectangular or radial patterns around indexing axis are also 

defined and all values of the regime parameters of the ball-burnishing operation are set;  

4. 3Dsimulation executing for toolpathsverification according to the selected milling 

operation(s) in the CAM software, and post-processing the NC-code file for the corresponding 

CNC system. 

As an output of the purposed algorithm,corresponding ball-burnishingoperations for 

processinga regularly shaped roughness are obtained on real planar and cylindrical surfaces of 

machine parts.In present work, the proposed algorithm is performed usingSMath Studio for 

generating the pair of sinusoidcurves, and FeatureCAM (Autodesk) for programing the 

toolpaths needed for ball-burnishing operations, both for planar and cylindrical surfaces. 

Besides these, it is possible to use other existing software products for the same purpose. 

 

3. CONCLUSION 

Proposed approach for obtaining regular shaped roughness on planar and cylindrical 

external functional surfaces by using ball-burnishing process, based on presented 

mathematical equations (1) and the described overall algorithm, shown in Figure 4 has the 

following major advantages: 

1. The ball-burnishing operation can be executed on every 3-axis verticalor 4-axis 

horizontal CNC milling centres having standard configuration and CNC control system 

(specified by the equipment manufacturer), without the need to useany additional devices or 

equipment or any software and hardware modifications in the machine tools; 

2. The accuracy of the obtained toolpaths is much better than the accuracy, which can be 

achieved using manually controlled machine tools. This is due to the fact that here the ball-

tool toolpaths are defined by mathematical derived curves, rather than instantaneous values of 

the regime parameters, as is the case when using manually operated milling machines; 

3. The time, needed for calculatingthe curves in SMath Studio, importing andset them as 

corresponding toolpaths,and post-processing the NC-code using FeatureCAM is within a 

several minutes, which significantly reduces the preparation time for ball-burnishing process; 

4. The possibilities for independent control of the parameters involved in the pair of 

equations (1),allows precise adjustment of the shape and dimensions of the patterns with 

regularly shaped roughness; 

5. The ball-burnishing operation can be added directly after other machine cutting 

operations, which allowing the overall operating sequence to be performed on the same 

machine. 

 

The proposed algorithm for generating toolpaths can also be used in performing other 

metal cutting operations, as well as in other advanced methods for processing of workpieces, 

such as electrochemical or water jet machining, electro-discharging machining processes, 

engraving, etc. 
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