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Abstract: The burnishing process is a finishing process in which the surface properties are improved. The material 
surface is work hardened as well as polished. The burnishing process plastically deforms the material from the 
troughs and pushes it into the valleys thus reducing the surface roughness. The burnishing process used in the past 
was ball burnishing process and it has disadvantage of limited feed depending on the ball diameter which led to 
longer cycle times. Moreover, in the work pieces having more lengths, the burnishing process could bend the work 
piece. Single roller burnishing removed the limitation of feed but loads applied using single roller burnishing tool 
were also limited. Therefore, a multi roll burnishing tool has been developed which distributes the load uniformly 
thus enabling us to apply more load. Developed Multi roll burnishing tool has been used to finish the aluminium 
7075 cylinder surface. Aluminium 7075 is an alternative to other ferrous based liners. Taguchi method is used 
to study the effect and contribution of the tool on the response surface roughness and surface hardness. Trends 
revealed that the maximum surface finish is obtained at intermediate number of passes and low speed. Feed was 
an insignificant parameter. Trends of the surface hardness revealed that the maximum hardness is at minimum 
speed and maximum number of passes. But as we further increase the number of passes, the hardness is increased 
but the surface finish is reduced due to strain hardening and material removal. The contribution of the parameters 
was found to be accurate at 95% confidence level and the feed rate came out to be nearly insignificant in both the 
responses.

Keywords: Burnishing, Multi roll Burnishing, aluminium, Taguchi, surface properties.

to the cost of the job. Polishing needs to be done 
separately. An easy alternative process is the 
burnishing process which improves the surface 
finish, increases the surface hardness, polishes the 
work surface altogether in a single process. The 
effect of the Burnishing process on various surface 
properties is shown by various authors. Apart from 
the surface finish and surface hardness investigators 
have shown that the burnishing process reduces 
the friction coefficient and improves the wear 
resistance. It has been revealed that Burnishing 
process helps to reduce friction up to a certain depth 
after which the cracks are initiated which increases 
the friction coefficient again [1]. It has been found 
that burnishing process reduced the wear rate by 
more than 40% for copper and steel but if we try to 
increase the burnishing depth beyond a certain level 
than it resulted in surface damage [2]. Burnishing 

InTroducTIon1. 

The demand of the industry always lies in using a 
material which is lighter, stronger therefore many 
processes have developed in the past which enable 
us to use the light materials in many applications. 
Some of the used alloys are of Titanium, Aluminium 
etc. Aluminium is very widely used alloys in the 
recent past. It is due to its very light weight as well 
as its cost effectiveness. These Aluminium and 
Titanium alloys finds application is the aerospace, 
automotive and biomedical industries also. The 
problem with these light weight material is that 
when the machining is done, it would leave marks 
on the surface thus reducing its application. The 
material surface should be thus treated. Various 
methods of surface treatments have been developed 
in the past such as grinding, honing, reaming 
and lapping. These process requires skill and add 
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process was also performed on the Aluminium alloy 
6061 and it was shown that the friction coefficient of 
the Aluminium Alloy was improved by nearly 50% 
[3]. It has been observed experimentally as well 
as from the literature that the final effect of the 
smoothing depends on the initial roughness [4]. In 
the present times the machining process are largely 
criticized due to the negative effects they pose on the 
environment. The Burnishing process is a chip less 
process thus making it ideal for environment also. In 
the present study a multi roll tool is used instead of 
ball burnishing or single roll burnishing. The effect 
of three parameters namely speed, feed and number 
of passes and their contribution towards the surface 
roughness and surface hardness have been studied 
using ANOVA analysis. The parameters were set at 
3 levels each. Taguchi orthogonal array L9 was used 
and the output responses were obtained at different 
parametric combination. Signal to noise ratio was 
obtained for the combinations and the effect of 
parameters on response was obtained.

eXPerImenTal deTaIls2. 

50 mm ID cylinders with 6.35 mm thickness 
aluminium 7075 cylinders were used as work 
material. The aluminium 7075 is an aerospace grade 
aluminium whose chemical composition is specified 
in Table 1.

Table 1 
composition of aluminium alloy

Chemical Composition of Aluminium Alloy 7075 used in 
Present Work

Element

Al Cr Cu Fe Mg Si Ti Zn

% 88 0.25 1.5 0.4 2.5 0.4 0.2 6.75

The turning and the burnishing processes were 
performed on CNC Fanuc Lathe. The internal 
surface was turned and material allowances were 
provided as per the ASM machining Handbook [5] 
[6][7]. The workpiece was prepared in a single path 
so that properties were uniform in all the cases. 
After Turning the average roughness obtained was 
nearly 0.56 mm and the hardness of the workpiece 
before burnishing was found to be HV 170 average. 
In the present study, a specially designed tool for 
the burnishing process was used which consisted 
of multiple rolls on the periphery of the mandrel 
which would ensure that uniform load is applied on 

the cylinder surface. Schematic of developed Tool is 
shown in Figure 1.

figure 1: schematic diagram of developed tool

To avoid the ovality in the bore it is ensured 
that the deforming hardened rolls are in maximum 
number. The number of rolls in the current case is 7. 
The specially designed tool in made in three parts 
which are the cage, the retainer and the shank or 
the body. The cage is used to hold the hardened 
rolls which are used to compress the material 
along the cylinder surface and the retainer hold 
the cage using a spring so that the disengagement 
of then tool from the surface could be easy and the 
returning stroke could be idle one. The parameters 
such as feed and speed are controlled by the CNC. 
The number of passes cannot be increased to more 
than 3 as it would increase the surface roughness. 
The workpiece was cleaned properly after turning so 
that if any chip is there, it could be removed which 
subsequently do not hinder the burnishing process. 
The surface roughness of the turned and burnished 
surface was measured using a mitutoyo surface 
roughness tester and the surface microhardness 
was measured using computerized micro Vickers 
hardness tester. The parameters selected in this 
study were speed, feed and number of passes. The 
levels of the feed and speed were decided as per the 
ASM handbook and the levels of number of passes 
were determined from the predetermined study. The 
number of passes were limited to 3 as the 4th pass 
increased the surface roughness. The parameters 
and their levels are shown in Table 2.

The experiment was performed twice and the 
average of two values were taken for effective 
experimentation. The Measured values of the 
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surface roughness and the SN Ratio are tabulated 
in Table 3.

Table 2 
factors and Their levels

Parameters Level 1 Level 2 Level 3

Speed (rpm) 200 300 400

Feed (mm/sec) 3 4 5

No. of passes 1 2 3

Table 3 
sn ratio for surface roughness

Speed 
(rpm)

Feed 
(mm/sec) No of passes SR avg 

(mm) SN ratio

200 3 1 0.233 12.6529

200 4 2 0.220 13.1515

200 5 3 0.255 11.8692

300 3 2 0.296 10.5742

300 4 3 0.331 9.6034

300 5 1 0.314 10.0614

400 3 3 0.368 8.6830

400 4 1 0.340 9.3704

400 5 2 0.321 9.8699

The Values of surface Hardness and the SN ratio 
are Tabulated in Table 4.

Table 4 
sn ratio for surface hardness

Speed 
(RPM)

Feed 
(mm/Sec) No of Passes DPH Avg SN Ratio

200 3 1 182 45.2014

200 4 2 184 45.2964

200 5 3 187 45.4368

300 3 2 182 45.2014

300 4 3 182.5 45.2253

300 5 1 179 45.0571

400 3 3 179.5 45.0813

400 4 1 175.5 44.8855

400 5 2 178.5 45.0328

resulTs and dIscussIon3. 

The experiment was performed with the parametric 
combination of speed, feed and number of passes 
using Taguchi L9 orthogonal Array. The trends of 
the surface roughness with the various levels of 
parameters is shown in Figure 2.

The trends for the surface roughness revealed 
that the maximum surface finish is obtained at 
200 rpm, 4 mm/sec of feed and 2 number of passes.

figure 2: Trends for surface roughness

figure 3: surface before and after Burnishing

The trends also revealed that the feed is a nearly 
insignificant parameter. Thus the cycle time could 
be reduced by increasing the feed in accordance with 
the machine specifications. The burnishing process 
results in improved surface finish and a highly 
reflective surface. The internal surface of the cylinder 
before and after burnishing is shown in Figure 3. 
The samples of the workpiece were examined on 
the microscope at 100X. The microscopic images of 
the samples after turning and Burnishing is shown 
in Figure 4 and 5.

figure 4: Workpiece surface after turning (magnified 
100X)
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figure 5: Workpiece surface after Burnishing (magnified 
100X)

The Trends for the surface micro hardness is 
shown in the Figure 6. The trends reveals that the 
hardness is maximum at minimum speed, maximum 
feed and maximum number of passes. In this case 
the maximum hardness is achieved at 200 rpm, 
5mm/sec of feed and 3 number of passes.

figure 6: Trends for surface hardness

The hardness varies linearly with the number 
of passes but as the hardness is increased beyond 
a certain level the cracks start to initiate and 
propagate thus reducing the surface finish. To know 
the contribution of each parameter in the surface 
finish and surface hardness the ANOVA analysis is 
done. The contribution of the factors was found to be 
accurate at 95 % confidence level. The ANOVA Table 
for the Surface roughness and the Surface Hardness 
is shown in Table 5 and Table 6 respectively.

The ANOVA Table for surface roughness in 
Table 5 shows that speed is the most contributing 
parameter in determining the surface roughness 
and its contribution comes out to be 89%. Number of

Table 5 
anova analysis for surface roughness

Source DF Seq SS Adj SS F P % cont

Speed (rpm) 2 17.3004 8.65018 989.35 0.001 89

Feed (mm/
sec)

2 0.0182 0.00911 1.04 0.490 0.1

No of passes 2 1.9819 0.99095 113.34 0.009 10.35

Residual 
Error

2 0.0175 0.00874 0.55

Total 8 19.3180

Table 6 
anova analysis for surface hardness

Source DF Seq SS Adj Mean F P % cont

Speed (rpm) 2 0.145772 0.072886 103.37 0.010 69.029

Feed (mm/
sec)

2 0.00244 0.001223 1.73 0.366 1.15

No of passes 2 0.061546 0.030773 43.64 0.022 29.14

Residual 
Error 

2 0.001410 0.000705 0.6

Total 8 0.211174 100

passes have 10.35% contribution and feed is a nearly 
insignificant parameter. The residual error came 
out to be 0.55%. The ANOVA Table for surface 
hardness in Table 6 reveals that speed and number 
of passes are maximum contributors in increasing 
the surface hardness and the contribution of speed 
in determining the surface micro hardness is 69% 
and that of number of passes is 29%. Feed comes out 
to be in significant in this case also. Thus the cycle 
time could be effectively reduced.

conclusIons4. 

A new type is burnishing tool is developed which 
would reduce the surface roughness, increase 
the surface hardness and reduce the cycle times 
simultaneously. The tool in itself could control the 
tolerances on the workpiece. The feed comes out to 
be insignificant parameter and thus cycle time could 
be reduced by increasing it. The minimum value of 
surface finish was found to be as low as 0.19 mm. The 
maximum surface hardness obtained was HV 190. 
Burnishing process results in increasing the surface 
hardness by 5-10%. The speed and number of passes 
were major contributors in determining the surface 
roughness and surface Hardness. The effect of 
Burnishing Force and the type of Lubricant could be 
also taken into account. The tool could be employed 
to any practical application in future also.
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