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Abstract 

 

In deep rolling, ball and roller type burnishing tools are generally used. It is generally difficult to deep roll 

contours with curved and conical shapes with the existing rolling tools. The aim of this study is to design 

experiments with a roller insert that will be an alternative to deep rolling inserts being used now and that 

can be fixed on the present tool holders; and to investigate the usability of them including curve and conical 

formed workpieces with the help of this designed tool. For this purpose, a spherical insert with a radius of 

1 mm in the form of WNMG was designed based on the WNMG insert model and used in deep rolling of 

Al6061-T6 material using different forms and parameters. 143, 330, 495 N rolling force, 0.04, 0.08, 0.12 

mm/rev feed and 400, 600, 800 rpm spindle speed were selected as rolling parameters. By examining the 

microhardness and surface structure of deep-rolled Al6061 parts, the achievability of the results of existing 

tools in deep rolling was investigated. At the end of the study, it was determined that the new type of rolling 

tool produced results similar to the existing tools in deep rolling in terms of microhardness and surface 

morphology, which enabled that the workpieces with curve and conical forms could also be rolled, and that 

this rolling tool could be used as an alternative in deep rolling. 
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1. Introduction 

 

In order to correct the negative effects on the machined 

surfaces of the materials, many finishing applications 

such as grinding, honing, lapping [1], and ultrasound-

aided deep rolling [2] are used. Prabhu et al. divided the 

methods applied for surface smoothing into two main 

categories. The first of these is the method that involves 

material loss, such as grinding method, while the second 

is the method that works by redistributing the material on 

the surface and plastic compression of the surface and 

does not involve material loss, such as ball burning and 

deep rolling methods [3]. 

 

The process of smoothing the surfaces of the machined 

parts by rolling them without removing any chips from 

their surfaces is defined as rolling. After the rolling 

process, the surface quality (Ra, etc.) of the work pieces 

is improved, as well as the mechanical properties of the 

workpieces, such as microhardness, fatigue resistance, 

wear resistance. Thanks to this treatment role of the 

rolling process, this method is preferred more than the 

other surface improvement methods such as grinding [4]. 

In order to improve the surfaces of the machined 

elements, the deep rolling technique, which is based on 

the plastic deformation of the surfaces without removing 

the chips by means of a rolling insert or roller, is mostly 

applied to the inner and outer surfaces of the turned and 

ground workpieces [5, 6]. As a result of the process, the 

surface roughness (Ra) of the material decreases 

significantly, and the surface hardness increases. 

Additionally, at the end of the process, the tensile 

strength on the surface turns into compressive stresses, 

resulting in a high improvement in fatigue life [7]. Deep 

rolling process can be applied to steel materials as well 

as other light metals (brass, aluminum (Al), etc.). 

 

In addition to the studies investigating the effect of 

process parameters on the results, there are also similar 

studies on the tools used in rolling. For this purpose, the 

effects of three different apparatus designed for using 

different parameters (rolling force, feed and number of 

passes) and the process parameters were investigated, 

and compared depending on the surface hardness and Ra 
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of Al-6061-T6 material. It was observed that the best Ra 

and surface hardness values were obtained with the 

apparatus with a ball-rolling insert [4]. 

 

Studies on deep and ball rolling were also applied to 

aluminum and its alloys. Analysis and research were 

carried out on the application of the rolling process of Al 

and its alloys, both on cylindrical surfaces in turning 

applications [8-14] and on planar surfaces in milling 

applications [15-17]. The circularity of the inner surfaces 

of hole was examined and compared with the machining 

methods in terms of Ra after rolling [18]. In another 

similar study [19], changes in Ra, microstructure and 

surface hardness of the inner surface of the hole of Al-

6061 alloy were compared as a result of different 

machining methods such as drilling, internal turning, 

hole-grinding, honing, reaming and deep rolling 

processes. In addition, the effects of the process 

parameters (rolling pressure and number of passes) 

applied in the rolling method on fatigue, residual stress, 

microhardness and Ra were investigated experimentally. 

It was determined that ball rolling method improved the 

Ra; and the number of passes had a 41% effect on Ra. It 

was determined that the applied force and number of 

passes increased the microhardness of the material, and 

depending on the increase in force and number of passes, 

the microhardness of the workpiece increased by 

approximately 20 Hv. It was established that with the 

increase in rolling force, the subsurface residual stress in 

the material also increased. It was seen that not only the 

fatigue strength was improved but also the fatigue life 

was increased [18]. In addition to the effect of process 

parameters on the results, there are also similar studies on 

the tools used in rolling. For this purpose, the effects of 

three different apparatus designed for using different 

parameters (rolling force, feed and number of passes) and 

the process parameters were investigated and compared 

depending on the surface hardness and surface roughness 

of Al-6061-T6 material. It was observed that the best Ra 

and surface hardness were obtained with the apparatus 

with a ball-rolling insert [4]. In a different study, the 

effect of the rolling insert at different diameters was 

examined, and the surface of 5083 Al-Mg material was 

subjected to rolling using different parameters with ball 

diameters of 11.112 mm, 13.494 mm, 15.081 mm and 

16.669 mm [20]. Regarding the rolling process applied in 

the form of milling application, the polishing process was 

carried out by using different process parameters with a 

simple rolling tool [21], and the resulting residual 

stresses were examined and the results were compared 

with the results in the numerical analysis program. It was 

established that there were compressive residual stresses 

on all rolled surfaces. Besides the process parameters, the 

effect of rolling direction and lubricant usage was also 

examined. 

 

The analysis of the method continues in many different 

ways such as studies on deep rolling including simulation 

studies [22], analysis of deep rolling with the finite 

element method [23,24], testing of deep rolling 

applications in different working environments (e.g. 

cryogenic) [23] and deep rolling with rolling tools of 

different diameters using methods such as regression, 

response surface method (RSM), ANOVA etc. [3, 25- 

30], Blasón et al. examined the strength increase of 

D38MnV5 S steel with a roller type toll [31]. 

 

There are many parameters that affect the results 

obtained in deep rolling method. It is both difficult and 

complex to examine the effects of these parameters on 

each mechanical property of the material simultaneously. 

In order to save time and cost in studies, Taguchi 

orthogonal experimental design method is one of the 

preferred methods instead of full factorial experimental 

design [7, 32, 3]. With Taguchi DOE, the number of 

experiments can be reduced and the effect of the 

parameters on the results can be examined. In addition, 

the subject can be examined with analyzes such as 

Artificial Neural Networks (ANN) [27], Response 

Surface Methodology (RSM) etc. [33]. 

 

When all previous studies were examined, it was 

observed that in majority of the studies, ball and roller 

type rolling tools were used; and generally, flat contours 

were deep rolled. In a previous study [34, 35], deep 

rolling process was applied to Al6061-T6 material with 

the designed rolling tool; thus, the effect of rolling 

parameters (speed, rolling pressure and feed) on the 

surface roughness obtained on conical and cylindrical 

surfaces was investigated. In this study, deep rolling 

process was applied to the cylindrical and conical 

surfaces of Al6061-T6 material with the designed and 

manufactured rolling insert, and as a result, the effects of 

the parameters on microhardness and surface 

morphology were investigated. 

 

2. Materials and Methods 

 

All turning operations were performed on a SMARC 

model CAK6166B X 200 CNC lathe. According to 

process, planning and process steps are shown in Figure 

1. 

The design of the rolling tool was referenced on WNMG 

080408 type insert used in the industry, and a WNMG 

type rolling insert with a spherical nose shape and 1 mm 

radius was manufactured. Polishing process was applied 

to the spherical nose and friction was minimized (Figure 

2). 

 

A special tool holding apparatus was designed to fix the 

spherical edged rolling insert with the radius shown in 

Figure 2, and the tool holder to which this insert will be 

mounted to the turret of the CNC lathe machine for use 

in deep rolling with different rolling pressures (Figure 3 

a), and then rolling process was carried out. (Figure 3 b). 

The rolling force was adjusted by moving the pressure 

adjustment spring length with the pre-load thread (Figure 

3 a). 
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Figure 1. Schematic figure of the experimental setup and process steps 

 

 
 

Figure 2. Designed insert, its manufacturing and assembling on the tool holder 

 

The spring length and the pressure forces that can be 

obtained were determined by considering the tables 

suggested by the company [36]. In order to measure the 

mechanical properties and obtain accurate results, 

samples of appropriate sizes and dimensions were 

prepared. The process rolling parameters to be applied in 

the experiments are given in Table 1. 

 

Table 1. Parameters and levels 

Parameters Level 1 Level 2 Level 3 

Rolling Force (N) 143 330 495 

Feed (mm/rev) 0.04 0.08 0.12 

Spindle Speed 

(rpm) 
400 600 800 

Number of Pass 1 

Rolling conditions Coolant (Lubricant) 

 

SKF LUBRIFLUID brand synthetic universal lubricant 

was used in the experiments. This lubricant is a new kind 

of coolant, lubricant and thin film spray lubricant, which 

does not contain mineral oils or chlorine. The properties 

of the lubricant are given in Table 2. 

 

Table 2. Properties of lubricant [37] 

Color Flashpoint 
Viscosity 

40 0C 

Density 

20 0C 

Light 184 0C 25 mm2/s 0.84 g/ml 

 

The Taguchi method is a powerful, high-quality 

experimental design tool. Through this method, using a 

simple, effective, and systematic approach, the optimal 

burnishing parameters and robust-quality parameter 

setting can be derived. Furthermore, though incurring 

minimum experimental cost, this approach improved the 

quality characteristics rapidly and efficiently by reducing 

the effect of the source of variation. Many successful 

applications of Taguchi methods have been reported to 

improve several processes and product reliability and 

quality [38, 39, 40]. 

 

 

 
 

Figure 3. Deep rolling a) Tool holder apparatus b) Deep 

rolling process 

 

a 

b 
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In this paper, Taguchi experimental design was preferred 

as the experimental design and analysis method. L27 

orthogonal design was used in the experiments and 

combinations were created. Three parameters in total 

and, in connection with them, 3 levels were determined 

for each parameter (Table 3). For the microhardness 

measurements of the test samples, samples were taken 

from cylindrical and conical surfaces and the 

microhardness values of these samples were measured 

with AOB brand Vickers microhardness device. 

Measurements were taken according to the Vickers 

hardness measurement method and applied under a load 

of 30 g. On each sample, 3 hardness measurements of 

cylindrical and conical surfaces from different points 

(Figure 4 a) and 3 measurements were taken from the 

radial, and then the arithmetic mean of these values was 

recorded as the hardness value of that sample (Figure 4). 

 

Table 3. L27 experimental design 

Exp. 

No 

Rolling 

Force (N) 

Feed 

(mm/rev) 

Spindle 

Speed (rpm) 

1 143 0.04 400 

2 143 0.08 400 

3 143 0.12 400 

4 143 0.04 600 

5 143 0.08 600 

6 143 0.12 600 

7 143 0.04 800 

8 143 0.08 800 

9 143 0.12 800 

10 330 0.04 400 

11 330 0.08 400 

12 330 0.12 400 

13 330 0.04 600 

14 330 0.08 600 

15 330 0.12 600 

16 330 0.04 800 

17 330 0.08 800 

18 330 0.12 800 

19 495 0.04 400 

20 495 0.08 400 

21 495 0.12 400 

22 495 0.04 600 

23 495 0.08 600 

24 495 0.12 600 

25 495 0.04 800 

26 495 0.08 800 

27 495 0.12 800 

 

In order to view the surface properties of deep rolled 

surfaces, surface images were taken with an optical 

microscope. In the optical photographs taken, horizontal 

lines represent the direction perpendicular to the 

workpiece axis. Optical photographs were taken from the 

vertices of cylindrical surfaces. SEM analyzes were 

carried out to examine the carbide, groove, scratch and 

microstructures of the deep rolled surfaces in more detail. 

For this purpose, images were taken using the SEM 

device. 

 

  
 

Figure 4. Measure of microhardness 

 

3. Results and Discussion 

 

According to the designed insert and the results of the 

previous study [34, 35] on the processing of Al6061-T6 

material with this insert and Ra, it was found that the ideal 

parameter for Ra is 495 N in rolling force, 0.12 mm/rev in 

feed value and 600 rev in rotational speed. In addition, it 

was determined that the newly designed insert was 

suitable for using in deep rolling and could be used in 

conical, radius and longitudinal rolling operations at the 

same time. It was found that the most effective parameter 

on Ra was the feed value [34, 35]. Microhardness 

measurement values obtained from deep rolling test 

samples are given in Table 4. 

 

Table 4. Values of microhardness 

Exp. No A B C Microhardess (Hv0.3) 

1 1 1 1 158 

2 1 2 1 163.53 

3 1 3 1 165.26 

4 1 1 2 154.8 

5 1 2 2 164.1 

6 1 3 2 169.6 

7 1 1 3 162.73 

8 1 2 3 163.7 

9 1 3 3 158.76 

10 2 1 1 164.46 

11 2 2 1 173.26 

12 2 3 1 164.86 

13 2 1 2 151.8 

14 2 2 2 165.66 

15 2 3 2 158.63 

16 2 1 3 167.13 

17 2 2 3 155.9 

18 2 3 3 160.7 

19 3 1 1 168.1 

20 3 2 1 159.53 

21 3 3 1 161.46 

22 3 1 2 165.4 

23 3 2 2 174.7 

24 3 3 2 164.96 

25 3 1 3 162.63 

26 3 2 3 156.86 

27 3 3 3 157.5 
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In Table 4, symbols A, B and C express rolling force (N), 

feed (mm/rev) and spindle speed (rpm), respectively. The 

numbers 1, 2 and 3 express the level of each parameter. 

Before the statistical analysis, it was analyzed whether the 

microhardness values obtained in Table 4 showed a 

normal distribution; hence, the graph in Figure 5 was 

obtained. 

 
 

Figure 5. Probability of microhardness 

 

The results obtained (Figure 5) show a normal 

distribution. It is known that surface hardness increases on 

surfaces subjected to rolling [33, 7]. In this study, the 

increase in microhardness values was measured before 

and after the rolling process in order to observe this effect 

of rolling. The graphical representation of the 

measurement results can be seen in the graph in Figure 6. 

 

 
 

Figure 6. Microhardness graph before and after rolling 

 

The microhardness values, which were in the range of 70-

75 Hv0.3 before rolling, increased by nearly 100% with 

the effect of rolling, thus hardness values in the range of 

160-180 Hv0.3 were obtained (Figure 6). From this, it can 

be concluded that rolling process increases the surface 

hardness under all conditions. Tayeb et al. stated that 

when the rolling polishing process was applied to Al6061 

material, they found a microhardness of 78-92 HRB 

(150-200 Hv) depending on different process parameters 

[41]. Egea et al. found that the surface hardness of 

Al2050 material increased by 37.5% after rolling and 

polishing, resulting in a micro hardness value of 140-160 

Hv [42]. In his study, Koçak found a 10% hardness 

increase for Al6013 material and a 20% hardness 

increase for MS 58 material. The microhardness values 

found after the process are similar to the values in the 

literature [43, 18, 7]. Akkurt and Ovalı [18] obtained the 

hardness value in the range of 110-130 Hv0.01 in deep 

rolling of Al6061 material. Additionally, Akyuz [7] 

obtained hardness values as 160-180 Hv0.02 in deep 

rolling of AA7075-T6 material. Axir et al. [33] obtained 

hardness values in the range of 180-230 Hv for Al alloy 

2014 material. The alloying of Al material with different 

metals is a phenomenon that also increases the hardness 

value [33]. Signal noise analysis was performed to see at 

what level the process parameters affected the micro 

hardness values obtained. In calculating the signal-to-

noise (S/N) ratio, the "greatest is best" principle was 

taken as reference. The graph obtained from this analysis 

is seen in Figure 7. 

 

 
 

Figure 7. Plot of signal to noise ratios 

 

The graph affecting microhardness is shown in Figure 7. 

As Figure 7, the most ideal parameter values on Ra are 

495 N in rolling force, 0.08 mm/rev in feed, and 400 rpm 

in number of revolutions. In the experiments where the 

rolling pressure was 495 N, it was observed that hardness 

increased above the occurred average values, but 

hardness values below the average occurred at 143 N and 

330 N. In terms of feed, it can be said that the values of 

0.04 mm/rev and 0.12 mm/rev did not constitute the 

desired value in terms of hardness and that the value of 

0.08 mm/rev was the optimum level for hardness. It is 

seen that there is an inverse proportion between the 

spindle speeds and the hardness. Here, it was concluded 

that there was an increase in hardness due to friction-

related temperature and this value was obtained at 400 

rpm. In order to see the change between processing 

parameters and microhardness, the evaluations were 

made; hence, the graphs in Figure 8 were obtained. 

 

When previous studies on deep rolling are examined, it is 

seen that a definitive relationship between microhardness 

and process parameters cannot be obtained in most 

studies. This result is mostly similar for Figure 8 as well. 

When all parameters and parameter levels and both Ra 

and microhardness results are evaluated together, it is 

seen that the most important problem in the studies in the 
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literature, the inability to reach definite conclusions, has 

emerged the same as in our study. Although general 

conclusions have been obtained, further studies on ball 

and deep rolling are required to form conclusions with 

accuracy similar to those in surface smoothing operations 

such as machining or grinding. 

 

 
 

 
 

 
 

Figure 8. Relationship graph between machining 

parameters and microhardness 

 

Axir et al. [33] observed that with the increase in feed and 

number of passes, microhardness increases up to certain 

values (for feed: 0.015 to 0.035 mm/rev and for the 

number of passes: 1 to 3) and then decreases. 

 

Similarly, Basak et al. [27] obtained hardness values 

between 150-190 Hv at different rolling forces (100 N to 

400 N) in the rolling of Al-Mg alloy. They observed that 

the increase in rolling force and feed caused an increase 

in hardness. 

 

3.1 Optical Microscope Images  

 

In order to examine the surface properties after deep 

rolling, both optical microscope images and SEM images 

were taken. In optical photographs, the horizontal lines 

represent the direction perpendicular to the workpiece 

axis. Optical photographs were taken from the top points 

of cylindrical surfaces. The surface image with finish 

turning operation before rolling is seen in Figure 9. 

 

 
 

Figure 9. Surface optic view before deep rolling 

 

When Figure 9 is examined, it can be seen that the normal 

appearance that is generally seen in the literature [44, 18, 

45] as a result of the turning operation is also formed here. 

The images in Figure 10 were obtained from the images 

obtained after rolling. 

 

The samples were taken at 200x magnification as shown 

in Figure 9 and Figure 10. In the images, it can be seen 

that the particles are generally distributed 

homogeneously. It is seen that Al6061 aluminum alloy 

has micro-pores of small sizes. When looking at the 

microscope images in Figure 10, it is seen that the bright 

surfaces are brighter because they are in the shape of 

cylindrical surfaces, while the dark areas are subject to 

erosion in the form of deep grooves. In deep rolling, 

debries and grooves may occur due to friction. Surface 

irregularities such as debris, grooves etc. have also been 

found by different researchers [46, 47]. Generally, the 

surface structure seen in Figure 10 in deep rolling is also 
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seen in previous studies [48, 49]. Additionally, when 

Figure 10 is examined, it is clearly seen that deformations 

occur on the surface as the feed rate increases. In the 

literature [3], it is stated that surface roughness increases 

as the pressure force increases in deep rolling. 

 

 

 

 
 

Figure 10. Optical photographs obtained at a rolling 

force of 143 N a) Ra=0,543 b) Ra=0,85 c) Ra=0,92 

 

3.2 SEM Images 

 

SEM analyzes were performed to analyze the surfaces 

obtained after deep rolling and to evaluate the surface 

morphology. First of all, for comparison purposes, a 

finish turning operation was applied before deep rolling, 

and then SEM images of the surface were taken (Figure 

11), thus, it was aimed to examine and compare it after 

deep rolling. 

 

 

 

 

 
 

Figure 11. Images of deep-rolled finishing turning 

surfaces 
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In the deep rolling process, especially in the deep rolling 

of materials such as Al, it is seen that some particles 

(debris, BUE, etc.) are formed on the surface [46]. These 

debris can be seen in Figure 11. Here, the structures in 

Figure 12 were obtained in the SEM images taken to see 

the effect of the rolling force. 

 

Depending on the increase in feed, it is seen that dents, 

scratches and residues on the surfaces increase (Figure 

12). 

 

 

 

 
 

Figure 12. SEM images at a deep rolling force of 143 N 

 

As a result of this situation, it is noted that there is an 

increase in Ra values. When the deep rolling mechanics 

are examined, it is seen that plastic deformation occurs 

due to rolling. It is certain that this plastic deformation is 

shaped according to the process parameters, and deep 

rolling produces formations such as grooves and debris, 

and the surface topography arises depending on the effect 

of each parameter. 

 

 

 

 
 

Figure 13. SEM images at 330 N rolling force 

 

This is a type of process which is mechanically very 

complex, resulting from the type of material, friction 

behavior, heat, etc., and has not been proven by any 

Ra=0.543 µm 143N, 0.04 mm/rev, 400 rpm 

Ra=0.850 µm 143N, 0.08 mm/rev, 400 rpm 

Ra=0.920 µm 143N, 0.12 mm/rev, 400 rpm 
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specific modeling yet. Although some results have been 

achieved in the studies, the subject has not yet been fully 

clarified. Therefore, much more work needs to be done. 

When the process was examined depending on the 

increase in rolling force, the structures in Figure 13 were 

obtained. 

 

 
Ra=0.353 µm 495 N, 0.04 mm/rev, 400 rpm 

 
Ra=0.731 µm 495 N, 0.08 mm/rev, 400 rpm 

 
Ra=0.616 µm 495 N, 0.12 mm/dev, 400 rpm 

 

Figure 14. SEM images at a deep rolling force of 495 N 

 

When both figure 12 and figure 13 are evaluated together, 

it can be seen that the surface topography has become 

more smooth, debris and grooves have decreased, and 

accordingly, Ra values have decreased compared to 143 

N rolling force. At 330 N rolling force, Ra values have 

increased depending on the increase in feed rate. In deep 

rolling, it is the pass in which the peaks remaining from 

the first finishing pass are filled into the valley parts with 

the first plastic deformation. The lower rolling force 

causes fewer peaks to be filled into valleys due to this 

pass. As the rolling force increases, the pressing force 

ensures that more material is filled into the valleys, 

resulting in the formation of a smoother surface. As a 

result, Ra values are further reduced. Due to the increase 

in feed, the increase in Ra also increases in parallel with 

that as in Figure 13. The most important issue that 

determines Ra values here is that the distance between 

the lamellar structure increases parallel to the feed rate, 

as seen in Figure 12, which is reflected in Ra values. SEM 

images with 495 N rolling force are given in Figure 14. 

 

When the structures in Figure 12 and Figure 13 obtained 

with rolling forces of 143 N and 330 N are considered, it 

can be said that the rolling force of 330 N produces the 

best Ra values. Here, it was concluded that the increase 

in the rolling force causes excessive plastic deformation 

due to the increase in feed on the material surface, and 

the valleys on the surface are filled with more material 

than their volume causing deformations on the surface. 

At this point, Ra value, before deep rolling, appears as an 

important factor. Before the deep rolling process, it is 

necessary to determine Ra values and accordingly the 

peak and valley volumes and then determine the 

parameters of the deep rolling to be applied. In this 

regard, optimization studies are being carried out, and 

these should be done. There are studies showing the 

effectiveness of Ra values before deep rolling [32, 3]. 

 

4. Conclusion 

 

In this study, Al6061-T6 aluminum material was 

burnished by deep rolling method with a burnishing tip 

that can be used for conical, radius and cylindrical 

turning operations and can be fixed on the existing tool 

holder. The results obtained from the analyzes carried out 

to determine the relationship between microhardness, 

surface morphology and Ra in the deep rolling method of 

Al6061-T6 aluminum material can be summarized as 

follows: 

 

• When the microhardness result was examined, it was 

revealed that the most ideal parameter on Ra was 495 N 

in rolling force, 0.08 mm/rev in feed and 400 rpm in 

speed. 

• 200x optical microscope images of the workpieces 

were taken, thus it was seen that the images were 

distributed homogeneously. 

• When SEM images are analyzed, it was observed that 

there was a decrease in Ra values due to the decrease in 

the distance between the lamellar structures with the 

increase in feed. This result is also compatible with the 

literature. 



 

Celal Bayar University Journal of Science  
Volume 20, Issue 1, 2024, p 29-40 

Doi: 10.18466/cbayarfbe.1405976                                                                        O. Adıyaman 

 

38 

• Due to the increase in rolling pressure force and the 

increase in feed rate on the material surface, excessive 

plastic deformation occurred and the valleys on the 

surface were filled with more material than their 

volumes, causing deformations there. For this reason, the 

rolling force limit must be determined well. 

• Due to the increase in feed, it was observed that 

debris, grooves and residues on the surfaces increased. 

Microhardness values were obtained at 140-160 Hv0.03 

values and were observed to decrease with distance from 

the surface. 

• It seems difficult to talk about a sufficient trend to 

reach a conclusion between microhardness and 

parameters, as in the literature. The issue should be 

studied and researched further. 

• It was observed that there is an inverse proportion 

between the spindle speed and hardness. 

 

It was concluded that it is an important problem that the 

optimum criteria for obtaining the desired surface 

properties have not yet been achieved in deep rolling and 

ball burnishing processes. Therefore, more research is 

needed to determine the correct process parameters for 

this issue. 
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