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Abstract: Burnishing is a mechanical treatment for the quality improvement of rotating components. This work aims to 
investigate the effect of a burnishing process on the surface integrity properties of 20MnCr5 steel and the resulting performance 
of this alloy due to the burnished-induced surface properties through a systematic experimental study that was conducted to 
examine the influence of process parameters. An empirical model involving the number of passes, speed, and feed is developed 
for out-of-roundness prediction. The results of the Taguchi method are compared with experimental results. It was found that 
the out-of-roundness obtained is 0.001 microns. 
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I. INTRODUCTION 
Burnishing is a cold-working process in which plastic deformation occurs by applying pressure through a very hard and smooth 
metal ball or roller, improving surface finish, yield strength, fatigue resistance, wear resistance, surface hardness, tensile strength, 
and corrosion resistance [1-10]. It is a chip-less finishing process and attention is needed to optimize the input burnishing 
parameters to reduce surface defects such as roughness, micro-cracks, waviness surface burning, residual tensile stresses, and plastic 
creep which make the component unfit for precision applications [11-14]. In the present study, using the Taguchi approach 
preliminary plan is made for the experimentation then according to it a roller burnishing of the 20MnCr5 workpiece at different 
input conditions is performed. From the analysis, it is concluded that the hardness of the material is the main contributing factor to 
the burnishing process. 
 

II. MATERIALS AND METHODOLOGY 
For the present stud 20mncr5 steel is selected as workpiece material having a diameter of 40 mm and a length of 300 mm. Before 
burnishing Surface roughness, hardness, and out-of-roundness were measured. The burnishing tool selected for the present 
investigation is a single roller carbide burnisher (roller diameter 48mm, roller width 30mm). In the present research work, DOE and 
Taguchi method is used for experimental work. L18 orthogonal array is selected for the present study. By changing the parameters, 
the burnishing of workpiece was done. The input machining parameter symbol used is (Condition: A, Burnishing Speed (rpm): B, 
Depth of Penetration (mm): D, Number of passes: E) (Table 1). 
 

Table 1 Assigned Values Of Input Machining Parameters 
 

 
 
 
 
 
 
 
 
 

 

Factor 
Designation 

 

Burnishing 
Parameter (units) 

Levels and corresponding values of 
Machining parameter 

Level-1 Level-2 Level-3 
A Burnishing 

condition 
Wet Dry -------- 

B Burnishing  speed ( 
rpm ) 

100 150 200 

C feed  (of mm / rev) 0.5 1.0 1.5 
D Depth of 

penetration (mm) 
0.1 0.2 0.3 

E No. of passes 1 2 3 
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III. RESULTS AND DISCUSSION 
Once the burnishing has been done on all the specimens then it is investigated for output parameter i.e. out of roundness with the 
help of out of roundness measuring machine mitutoyo. Table 2 shows the different experimental parameter setting and their 
respective result in terms out of roundness (OOR) Taguchi method is used as design of experiment and results are analyzed by using 
analysis of variance (ANOVA) using Minitab 17 software. The results for out of roundness (OOR) are analyzed using ANOVA in 
Minitab 17 software. As lower value of out of roundness is the requirement in experimentation so the criterion for evaluation 
"smaller is better" is used.  

Table 2 Experimental Results For Oor Are Tabulated In 
Code given  
on specimen 

Condition Speed Feed Depth of 
Penetration 

Number of 
Passes 

OOR 

A WET 100 0.5 0.1 1 0.001 
B WET 100 1.0 0.2 2 0.004 
C WET 100 1.5 0.3 3 0.003 
D WET 150 0.5 0.1 2 0.002 
E WET 150 1.0 0.2 3 0.004 
F WET 150 1.5 0.3 1 0.003 
G WET 200 0.5 0.2 1 0.003 
H WET 200 1.0 0.3 2 0.004 
I WET 200 1.5 0.1 3 0.001 
J DRY 100 0.5 0.3 3 0.003 
K DRY 100 1.0 0.1 1 0.004 
L DRY 100 1.5 0.2 2 0.008 
M DRY 150 0.5 0.2 3 0.004 
N DRY 150 1.0 0.3 1 0.002 
O DRY 150 1.5 0.1 2 0.004 
P DRY 200 0.5 0.3 2 0.004 
Q DRY 200 1.0 0.1 3 0.002 
R DRY 200 1.5 0.2 1 0.001 

Table 2 Experimental results for out of roundness (OOR) 
The results for out of roundness (OOR) are analyzed using ANOVA in Minitab 17 software.  As lower value of out of roundness is 
the requirement in experimentation so the criterion for evaluation "smaller is better" is used. Table 3summarizes the information of 
analysis of variance and case statistics for further interpretation. 

 
Table 3 Analysis of Variance for means of SN ratio for OOR (Smaller is Better) 

Source DF SEQ SS ADJ SS ADJ MS F P Percentage 
Contribution 

Condition 1 16.13 16.13 16.129 2.4 0.262 4 
Speed 2 44.69 44.69 22.347 3.32 0.231 11 
Feed 2 13.49 24.31 12.155 1.81 0.356 3 

Depth of Penetration 2 72.11 72.11 36.056 5.36 0.157 17 
Number of Passes 2 106.04 106.04 53.021 7.88 0.113 25 
Condition × Speed 2 41.35 41.35 20.675 3.07 0.246 10 

Condition × Depth of 
Penetration 

2 83.05 57.63 28.813 4.28 0.189 
20 

Condition × Number of 
Passes 

2 26.69 26.69 13.343 1.98 0.335 
6 

Residual Error 2 13.46 13.46 6.73     3 
Total 17 417.02         100 
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ANOVA table for out of roundness clearly indicates that the feed and condition are relatively less influencing factors for OOR and 
depth of penetration, burnishing speed and numbers of passes are the most influencing factors for OOR. Interaction between 
burnishing condition and burnishing speed, burnishing condition and numbers of passes are also influencing OOR. 

 
Figure 1 Percentage contributions towards out of roundness  

 
From the percentage contribution pie chart it is concluded that the number of passesis contributing maximum up to 25%, Speed is 
contributing up to 11 %whereas condition and feed has least contribution in out of roundness of20MnCr5 steel. 
During the burnishing process the effect of different parameters like condition, speed, feed, Depth of penetration and number of 
passes on out of roundness in terms of SN ratio is shown in Figure 2 

 
Figure 2 Main effects plot for means SN ratios (Surface Roughness) 

 
Table 4 Levels of input parameters at minimum OOR 

Factor Condition Speed Feed Depth of penetration Number of passes 
Level 1 3 3 1 1 

 
From the ANOVA table, it is found that the interaction between no. of passes, feed, speed and depth of penetration, and number of 
passes is significant towards out-of-roundness 
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IV. CONFIRMATION TEST RESULT 
Out of roundness (table 5) . Burnishing at optimum parameters i.e. Wet condition, 200 rpm speed, 1.5 mm/rev feed, depth of 
penetration 0.1 mm, and single pass of tool, it was found that the out of roundness obtained is 0.001 micron. From the confirmation 
experiment it is clear that the percentage of error between the predicted data and the actual data is Maximum up to 8.2%. It is clear 
from the literature that if percentage of error between the predicted data and the actual data is less than 10% then the experimental 
work is said to be satisfactory. 

Table 5 Confirmation test result 
Output Parameter Confirmation                

 Experiment No. 
Actual Predicted Error % 

OOR 1 0.001 0.012 7.5 
 2 0.002 0.008 8.2 
 3 0.003 0.002 1.46 
 
 

    

 
V. CONCLUSIONS 

In surface finishing process, there is an obscurity to find the optimum process parameters and their influence on response conditions. 
The Taguchi approach enabled the identification of significant factors and their associated levels on selected response measures. 
Selection of appropriate data from the present research work will help the industry for further modification in burnishing operations 
on 20MnCr5 steel. On the basis of present experimental study, following conclusions can be drawn regarding the effect of input 
parameters (burnishing condition, speed, feed, depth of penetration and no. of passes) on the response parameters (out of roundness) 
 The out of roundness of 20MnCr5steel is measured up to 0.001 microns. 
 Best parametric setting for minimum OOR is burnishing at wet condition, 200 rpm speed, 1.5 mm/rev feed, depth of 

penetration, 0.1 mm and single pass of the tool.  
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