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Abstract— Surface treatment is an important aspect of all 

manufacturing processes to impart special physical and 

mechanical properties. Roller Burnishing Process is a post-

machining operation in which the surface irregularities of 

workpiece are compressed by the application of a roller, 

which produces a smooth surface and simultaneously 

induces compressive residual stress. This paper describes a 

systematic methodology for empirical modeling and effect 

of the Roller Burnishing process parameters. The design of 

Roller Burnishing Process parameters is based on response 

surface methodology, which integrates a design of 

experiment, regression modeling technique for fitting a 

model to experimental data. Central composite rotatable 

design has been employed to develop a second-order surface 

roughness model. Response surface methodology was 

employed to analyze the effect of parameters to ensure a 

minimum surface roughness. 
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I. INTRODUCTION 

Machining operations are used to produce a desired shape 

and size by removing excess stock from a blank in the form 

of chips. The work piece is subjected to intense mechanical 

stress and localized heating by tools having one more 

shaped cutting edges. Each cutting edge leaves its own mark 

on the mechanical surface. Also the work piece and tool 

together with the machine on which they are mounted form 

a vibratory system liable to random, forced or induced 

vibration. Due to these reasons, the surface of the machined 

component is more or less damaged. Surface finish and 

surface integrity are the terms used to denote the degree of 

such damage. The above term describes the geometrical and 

micro structural quality of machined surface.[1] 

Surface produced by conventional process such as 

turning and milling have inherent irregularities and defects 

like tool marks and scratches that cause energy dissipation 

(friction) and surface damage (wear). To overcome these 

problems, conventional finishing processes such as grinding, 

honing, and lapping have been traditionally employed. 

However, since these methods essentially depend on chip 

removal to attain the desired surface finish, these machining 

chips may cause further surface abrasion and geometric 

tolerance problem especially if conducted by unskilled 

operators. Accordingly, burnishing process offers an 

attractive post-machining alternative due to its chip less and 

relatively simple operations. 

During recent years, considerable attention has 

been paid to the post-machining metal finishing operations, 

to form the outer layer, such as burnishing process which 

improves the surface characteristics by plastic deformation 

of the surface layer. Beside producing a good surface finish, 

the burnishing process has additional advantages over the 

machining processes, such as securing increased hardness, 

corrosion resistance and fatigue life as result of produced 

compressive residual stress. 
Burnishing is a cold working process in which 

plastic deformation occurs by applying a pressure through a 

very hard and smooth ball or roller on metallic surfaces. It is 

a finishing and strengthening process. Improvements in 

surface finish, surface hardness, wear resistance, fatigue 

resistance, yield and tensile strength and corrosion 

resistance can be achieved by the application of this 

process.[4] 

 

II. TOOL AND WORKPIECE MATERIALS  

The 6061 T6 Aluminum alloy(Al 97.5%, Cr 0.1%, Cu 

0.15%, Fe 0.5%, Mg 0.8%, Mn 0.15%, Si 0.5%, Ti 0.15%, 

Zn 0.15%) round bar of 40 mm ø size has been used as a 

work piece material for the present experiments with 

tungsten carbide single roller burnishing tool[6]. Al 6061 T6 

is special hot-worked aluminum with good hardness and 

toughness properties. It is used for extreme load conditions 

such as hot-work forging, extrusion etc. The working life 

and dimensional accuracy of Al 6061 T6 can be improved 

with suitable heat treatment.  

A. Machining Parameters and Experimental Design  

The three machining parameters considered for this study 

were Spindle speed (RPM), feed (mm/rev) Burnishing force 

(kgf), No of tool pass. The parameters were set at five levels 

each. The summary of the parameters are shown in Table 1.  

Process parameter 
Level 

(-2) (-1) (0) (1) (2) 

Spindle speed(X1) 50 150 250 350 450 

Feed(X2) 0.06 0.24 0.42 0.60 0.78 

Burnishing force(X3) 5 10 15 20 25 

No. of pass(X4) 1 2 3 4 5 

Table 2.1: Different machining parameters used in the 

experiment and their levels 

B. Experimental Setup 

The experiments were carried out on HMT lathe machine, 

model ECONO CNC 26. The workpiece dimension is 40mm 

diameter. The cutting conditions were randomized. 
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Mitutoyo surface roughness tester was used to measure the 

Ra. 

Run X1 X2 X3 X4 Ra,µm 

1 0 0 0 0 2.20 

2 -1 -1 -1 -1 2.96 

3 -2 0 0 0 2.27 

4 0 0 0 0 2.20 

5 1 1 1 1 1.98 

6 0 0 0 0 2.39 

7 0 0 2 0 1.53 

8 0 0 0 0 2.39 

9 1 1 -1 1 2.85 

10 2 0 0 0 2.87 

11 0 0 0 -2 3.69 

12 0 0 0 2 1.81 

13 -1 1 -1 1 1.63 

14 0 0 0 0 2.30 

15 1 1 1 -1 2.30 

16 0 0 0 0 2.35 

17 0 0 0 0 2.35 

18 -1 -1 1 -1 2.43 

19 1 -1 -1 -1 3.35 

20 -1 1 -1 -1 2.83 

21 -1 1 1 1 1.90 

22 0 0 -2 0 2.42 

23 1 -1 1 1 1.03 

24 -1 -1 -1 1 1.30 

25 1 -1 1 -1 1.76 

26 -1 1 1 -1 2.86 

27 1 1 -1 -1 3.70 

28 0 -2 0 0 1.21 

29 0 2 0 0 2.00 

30 -1 -1 1 1 1.55 

31 1 -1 -1 1 2.27 

Table 2.2: Design matrix and the Response 

III. RESULTS AND DISCUSSION 

Employing the parameters in Table 2.1, the levels of the 

parameters for each of the experimental runs in the design 

matrix and the observed response are given in Table2. 2[6]. 

The general equation for the proposed second order 

regression model to predict the response y can be written as: 

Y = b0X0 + b1X1 + b2X2 + b3X3 + b4X4 + 

b11X12
 + b22X22

 + b33X32
 + b44X42

 + b12X1X2 + 

b23X2X3 + b34X3X4 + b14X1X4 + b13X1X3 + 

b24X2X4 

All the coefficients are to be estimated using 

experimental data. Based on the result presented in Table 2, 

the derived model equation is shown in Eq. below,  

Surface roughness Ra = = 4.78687+1.96933(X2) 

+0.08066(X3) - 1.95442(X4) + 0.00001(X1
2
) - 

5.05539(X2
2
) - 0.00285(X3

2
) + 0.12246(X4

2
) 

+0.00517(X1X2) - 0.00062(X1X3) + 0.00104(X1X4) + 

0.08264(X2X3) + 0.30903(X2X4) + 

0.02313(X3X4)……………………………………(2) 

From Eq. 2, the most significant parameter is X4 

and X1 X3 followed by X2
2
, X4

2
, X32 and X3X4 on Ra. 

The missing terms are not significant for predicting Ra 

hence they were removed in other to improve the model. 

A. Adequacy Check for the Developed Model 

The adequacy of the model was checked by analysis of 

variance (ANOVA)[6]. The ANOVA, table 3 for Ra shows 

that the p-value for model is less than 0.05, which indicates 

that the model is significant. In linear term all the term are 

significant terms except spindle speed. In quadratic term 

feed force and no. of pass have significant effect. The model 

has significant interactions of Burnishing force and spindle 

speed AND burnishing force and no. of pass. Table 3 shows 

that the p-value for interaction term is less than 0.05 for Ra, 

this means that the effect of burnishing force on Ra depends 

on the spindle speed. The "Lack of Fit F-value" of 1.91 

implies its insignificant relative to the pure error. Non-

significant lack-of-fit is required for any model to be fitted. 

Source DF SS MS F P
 

constant 14 12.8916 0.92083 87.42 0.000 

X2 1 1.0880 0.05419 5.14 0.038 

X3 1 1.9323 0.06270 5.95 0.027 

X4 1 5.5777 1.47254 139.80 0.000 

X1
2 

1 0.1716 0.17156 16.29 0.001 

X2
2 

1 0.7672 0.76719 72.84 0.000 

X3
2 

1 0.1454 0.14535 13.80 0.002 

X4
2 

1 0.4288 0.42880 40.71 0.000 

X1X2 1 0.1388 0.13876 13.71 0.002 

X1X3 1 1.5563 1.55626 147.75 0.000 

X1X4 1 0.1743 0.17431 16.55 0.001 

X2X3 1 0.0885 0.08851 8.40 0.010 

X2X4 1 0.0495 0.04951 4.70 0.046 

X3X4 1 0.2139 0.21391 20.31 0.000 

Residual error 16 0.1685 0.01053   

Lack of fit 10 0.1282 0.01282 1.91 0.221 

Pure error 6 0.0403 0.00671   

Total 30 13.0602    

R-sq=  98.71% , R-sq(Adj)= 97.58% 

Table 3.1: Pooled ANOVA table- Surface roughness 
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DF – Degree of freedom; SS – Sum of squares; MS – Mean 

square.  

Checking the model adequacy, the experimental 

and predicted data (Fig. 1) for Ra were plotted. Fig. 1 and 

ANOVA analyses Table 3 for Ra indicate that the model is 

significant and adequate to represent the relationship 

between the variables and response, with very small P 

values (<0.05) and high value of coefficient of 

determination (R2 = 0.9871).  

Additionally, the developed response surface 

model for Ra has been checked by using residual analysis. 

The residual plots for Ra are shown in Figs 3.1. In normal 

probability plot, the data are spread approximately in a 

straight line, which show a good correlation between 

experimental and predicted values for the response. The plot 

of residual versus predicted values show minimal variation 

between the observed and fitted values. Residuals calculated 

against the order of experimentation also given. It is asserted 

that a tendency to have runs of positive and negative 

residuals indicate the existence of correlation. From the 

above analysis of residual plots for Ra, the model does not 

reveal inadequacy.  

 
Fig.  3.1: Residual plots for Ra 
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Fig. 3.2: Main effect plots for Ra 

 

B. Effect of Machining Parameters On Ra 

1)  Influences of Speed  

We can clearly see from the figure 4, that surface finish 

improve straight way with decrease in speed [5]. However, 

in ordinary burnishing process that surface finish improves 

at certain level even speed is increased and there after 

increased in speed decrease surface finish. In other words, at 

lower spindle speed, the surface layer is plastically 

deformed to a greater depth because of comparatively more 

friction between roller element and work piece. 

2) Influences of feed  

It is cleared from the figure 3.2 that surface roughness 

increase with increase in feed. This means that effectiveness 

of roller burnishing decreasing with increasing feed rate [5]. 

There is an interaction between the ball force and the feed. 

With the combination of larger force and lower feed surface 

roughness increase due to over hardening and consequent 

flaking of the surface layers, similarly with the combination 

of lower force and larger feed surface finish reduced due to 

insufficient amount of burnishing force could not deform 

plastically surface layer of work piece. For better surface 

finish, it is preferable to use force 15 to 20 kgf with the feed 

of 0.06 mm/rev. 

3)  Influence of burnishing force  

From the result of graph it is clearly indicate an interaction 

in roller force, feed and no. of pass. Figure 3.2 shows that 

increase with force initially surface finish improves and then 

deteriorates by further increase in force [5]. The surface 

finish improve with increase in burnishing force at certain 

level, i.e. up to 20 kgf force and then reduce with increasing 

in force. This type of behavior of material is due to 

following reasons.  

At lower burnishing force, the deforming action of 

the ball may insufficient to cause the requisite metal flow 

from the asperity peaks to valley. On the other hand, higher 

force may over stressing and over hardening of surface layer 

leading to particle break down, i.e. flaking of surface layers. 

4) Influence of No. of pass  

Figure 3.2 shows an effect of No. of pass on the surface 

finish of work piece. It indicates that with the increasing the 

no. of tool pass   surface finish improves [5]. A combination 

of higher tool pass and lower burnishing force surface finish 

is good but with increasing force combination with higher 

tool pass gives the better result. It is clearly observed that in 

roller burnishing process, with higher no. of tool pass good 

surface finish is obtain due to roller passes over same spot 

again and again leading to the deforming action on work 

piece. 

IV.  CONCLUSION 

Surface roughness is increased with increase in No. of pass, 

best result is obtained with lower feed 0.06 mm/rev  

The effectiveness of roller burnishing decreasing 

with increasing feed rate. There is interaction between the 

roller force and the speed. A combination of higher tool pass 

and lower burnishing force surface finish is good but with 

increasing force combination with higher tool pass gives the 

better result. For better surface finish, it is preferable to use 

force 15 to 20 kgf with the No. of pass of 4.  
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