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Abstract. In order to increase productivity, machining times and market 
competitiveness of machining production systems, it is important to continuously 
develop existing technological solutions. The paper deals with surface roughness and 
roundness after roller burnishing outer rotary surface. Roller burnishing was applied on 
turned surfaces with different surface roughness. Each outer rotary surface was roller 
burnished twice with the same conditions (pressing force, peripheral speed of machine 
part, feed of tool). The parameters of the surface roughness Ra, Rq and Rt were 
measured after each single roller burnishing. The results show that the surface 
roughness is decreasing after the first roller burnishing cycle (additional roller 
burnishing had only negligible influence on surface roughness) and the original surface 
roughness has a significant influence on change of surface roughness after roller 
burnishing. 
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1 Introduction  
Surface geometry machined with traditional processes consists of scallops causing additional 
finishing operation. Surface roughness bellow 0.1 mm [1] is required for minimizing friction 
losses and high fatigue strength. To increase production efficiency and these requirements, it 
is necessary to look either for new tool designs gathering better machining outputs or either 
for more cheaply actions toward optimization of the machining parameters [2].  

Most of the investigations towards improvement of fine machining processes are 
concerned with the process outputs: surface roughness and surface hardness. It was pointed 
out by many investigators that an improvement in wear resistance can be very easy achieved 
by burnishing, but very few actual studies analysed environmental implications and 
versatility. [3] Roller burnishing (Fig. 1, [4]) is a low-cost surface treatment method of cold 
working to induce compressive residual stresses in the top surface layer of the burnished 
material. Stoić at all [3] defined roller burnishing as a fine machining process that is used to 
improve certain physical and mechanical properties, such as surface roughness, corrosion 
resistance, friction coefficient, wear, and fatigue resistance. This process is used when the 
goal is to achieve a high quality surface finish strengthened by the strain hardening 
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phenomenon [5, 6].  In the RB process a cylindrical roller is pressed across the part being 
processed. The plastic deformation created by the roller is a displacement of the material that 
flows from peaks into valleys under pressure, and results in a surface finish with a strain-
hardened surface [7, 8].  

 
Fig. 1. Scheme of roller burnishing [4] 

 
When roller burnishing is conducted  on  a  lathe,  the  workpiece  is  spinning  and  the  bur-
nishing  tool  is  moved  across  the  surface  at  a  constant  rate.  Many  of  processes  for  
the  manufacturing  of  high-quality  surfaces  can  be  replaced  by  roller  burnishing  (e.g.  
galling, grinding, honing, polishing) [9, 10]. Roller burnishing is commonly applied to 
cylindrical workpieces on both external  and  internal  surfaces,  and  its  tools  are  similar  
to  roller  bearings  [11].  

In last few decades roller and ball burnishing have been studied by a number of 
researchers on various materials. El-Axir  [12]  found  that  the  burnishing  feed  and  
burnishing  force  feed  have  the  most  significant  effect  on  both  micro hardness  and  
surface  roughness.  Luo et al.  [13]  studied  the  effect  of  the  burnishing  parameters  on  
the  burnishing force and material micro hardness via theoretical analysis. The results showed 
that burnishing depth and feed were the most significant factors.  Franzen et al.  [14-16] found 
that the rolling process parameters had a great influence on the tribological properties of 
burnished surfaces.  The optimum hardness and roughness were obtained for a specific 
regime whose decisive parameters are the applied force and the number of passes of the 
burnishing tool. El-Tayeb et al. [17-20] investigated the influence of the contact conditions 
between the roller  and  workpiece  on  the  quality  of  the  burnished  surface  as  well  as 
tribological  behaviour  in  roller  burnishing.   

The aim of the article is to experimentally determine the change of surface roughness. 
Comparison of the original surface roughness of the turned surface with the surface 
roughness after roller burnishing, respectively after two roller burnishing. On selected 
surfaces will be monitored change of the roundness, respectively roundness profile. 

2 Experimental methods  
2.1 Roller burnishing tool 

Burnishing tool (Fig. 2), which was used during experimental work, is duo-trolley toll with 
dynamometer. The basic dimensions of the tool:  

- diameter of the forming rollers D = 40 mm, 
- clamping holder section s = 35 x 30 mm, 
- clamping holder length l = 160 mm, 
- total tool length L = 320 mm, 
- maximum tool height v = 81 mm, 
- maximum tool width h = 35.5 mm.  
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At press tool on cylindrical surface, indicating gauge evince particular deviation. This 
deviation depends on force parameter, which pressing the burnishing tool. 

 

 
 

Fig. 2. Burnishing tool: 1 - supporting body of roller head, 2, 3 - rollers, 4, 5, 6 - gear wheel, 7 - 
holder, 8 - dial indicator 

 
Before using roller burnishing tool is necessary to determine functional dependence of 

deviation reviewed on indicating gauge on pressing power. This reliance was determined by 
roller burnishing tool pressing using known pressing force to the cylinder with equivalent 
diameter and material. Pressing force was in range of 0-5000N. This process use to be called 
as a device calibration. Obtained relationship of pressing power and deviation is shown in 
fig. 3. 

 
Fig. 3. Obtained relationship of pressing power and deviation 

 
Pressing force was adjusted so, that roller burnishing was pressed step by step into roller 

burnishing surface and the deviation was reviewed on indication gauge.  
 

2.2 Workpiece material and experiment conditions 

In the present work, the S 335 J2G3 steel (diameter 41 mm) was used as workpiece material 
and the chemical composition of material is given in Table 1. The workpiece was selected 
for present work because this material is mostly used in engineering industries for shafts, 
spindles, studs, etc.  
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Table 1. Chemical composition (in weight %) 

Carbon 
(C) 

Manganese 
(Mn) 

Silicon 
(Si) 

Phosphorus 
(P) 

Sulphur 
(S) 

Nitrogenium 
(N) 

Aluminium 
(Al) 

Max. 
0.200 

Max.  
1.600 

Max. 
0.550 

Max.  
0.050 

Max. 
0.045 - Max.  

0.015 

There were turned nine surfaces on the workpiece (Fig. 4) with different surface 
roughness in random order. The average value of arithmetical mean deviation of the profile 
Ra was from 1.67 µm to 5.34 µm. 

 

Fig. 4 Shaft used for experiments 

All nine surfaces were roller burnished twice under the same conditions: 
- Machine: lathe SUI 40, 
- Peripheral speed: 72.13 m/min, 
- Pressure force: 3000 N, 
- Feed: 0.3 mm (feed rate 168 mm/min), 
- Cooling: oil. 

The experimental conditions used in this work were chosen in accordance with the 
manufacturer's recommendations of the roller burnishing tool. 

3 Attained results  
Surface roughness was measured after each roller burnishing (every surface on the three 
various places) with device type Surtronic 3+ (Rank Taylor Hobson Ltd., UK). The referent 
profile length lr = 0.8 mm, observed length ln = 4 mm. Three parameters were measured, as 
declaring the STN EN ISO 4287 standard: 

- Arithmetical mean deviation of the profile Ra, 
- Root mean square deviation of the profile Rq, 
- Total height of profile Rt. 

For better view, the smallest and the highest measured data of surface roughness are listed 
below in tab. 2. 

Table 2. Measured values of surface roughness 

After turning: After the first roller  burnishing: After the second roll burnishing: 

 Ra = 1.25-5.67 μm 
 Rq = 1.58-6.51 μm 
 Rt = 9.4-36.4 μm 

 Ra = 0.65-0.99 μm 
 Rq = 0.81-1.28 μm 
 Rt = 5.6-10.1 μm 

 Ra = 0.70-1.32 μm 
 Rq = 0.88-1.69 μm 
 Rt = 4.9-12.0 μm 

 

1 2 3 4 5 6 7 8 9
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The change of surface roughness (parameters Ra, Rq, Rt) is shown in fig. 5, 6 and 7.  
 

 
Fig. 5. Surface roughness – parameter Ra 

 
Fig. 6. Surface roughness – parameter Rq 

 
Fig. 7. Surface roughness – parameter Rt 

 
Because the burnishing is essentially a cold forming process, in which the metal near  

a machined surface is displaced from protrusions to fill the depressions [21-23], there is the 
fig. 8 for to better illustrate changes of the surface profile.  
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Fig. 8. Example of roughness profile (surface 3): a) after turning, b) after first roller burnishing,  
c) after second roller burnishing 

 
On selected areas 8, 9 was measured roundness by the MK 300C device with rotating 

stylus. The MCC method (minimum circumscribed circle) was chosen as the evaluation 
method. In the MCC method, the profile center is determined by the smallest circle that 
contains the measured profile. From this center point, an inscribed circle fitted inside the 
profile is drawn. The out-of-roundness is the maximum inward departure from the 
circumscribed circle. Tab. 3 presents measured values of roundness on the surfaces 8 and 9.  
 

Table 3. Roundness of surfaces 8 and 9 

Number of 
surface 

Roundness [μm] 
Turning First roller burnishing Second roller burnishing 

8 34,4 12,6 11,7 
9 10,8 11,6 16,9 

 
Figures 9 and 10 present a change of the roundness profile for better illustration because 

the roundness is only one numerical value.  
 
 
 
 
 
 
 
 
 
 
 

a)                                                b)                                                    c) 

Fig. 9. Roundness profile of surface 8: a) after turning, b) after first roller burnishing, c) after  
           second roller burnishing 

 

a) 

b) 

c) 
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a)                                                b)                                                    c) 

Fig. 10. Roundness profile of surface 9: a) after turning, b) after first roller burnishing, c) after  
         second roller burnishing 

4 Conclusion  
For commercial steel the experimental work showed: 
- the original surface roughness had not significant influence on surface roughness after 

roller burnished - the rolled surface has approximately the same surface roughness on all 
surfaces regardless of the original surface roughness after turning, 

- the surface roughness is decreasing after the first roller burnishing cycle (all monitoring 
parameters - Ra, Rq, Rt), 

- if the original surface roughness is high, then the change of surface roughness after roller 
burnishing is significant. The turning surface with the highest surface roughness (surface 
No. 8) achieved an improvement of the Ra parameter of 86 percent, of the Rq parameter 
of 85 percent, of the Rt parameter of 85 percent, 

- if the original surface roughness is low, then the change of surface roughness after roller 
burnishing is not so significant. The turning surface with the lowest surface roughness 
(surface No. 9) achieved an improvement of the Ra parameter of 47 percent, of the Rq 
parameter of 46 percent, of the Rt parameter of 35 percent, 

- the above information confirm the manufacturer's tool recommendation, the surface 
roughness before roller burnishing should be Ra = 3.2 - 6.3 µm, 

- additional roller burnishing had only negligible influence on surface roughness - on some 
surfaces have improved, on some surfaces have worsened, 

- if the original roundness is high, then it can be expected to improve after roller burnishing. 
If the roundness of the turned surface is low, cannot be expected to improve it, even it is 
possible the deterioration of the roundness. 

 

The article was made under support grant project KEGA 022ŽU-4/2017 Implementation of on-line 
education in the area of precise technologies with an impact on educational process to increase skills 
and flexibility of students of engineering fields of study. 
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