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Roller burnishing process is a superior cold forming finishing process. It is done on machine or ground
surfaces for both external and internal surfaces. In this process, a smooth, hard object (under
considerable pressure) rubs over the minute surface irregularities that are produced during machining
or shearing. The hardened rolls of the tool press against the surface and deform the protrusions to a
more nearly flat geometry. Since the surfaces are cold worked and in residual compression, they
possess improved wear and fatigue resistance. The burnishing process is an attractive finishing
technique which can increase the work-piece surface finish as well as micro-hardness in a single
process, with reduction in tool set-up time which is difficult in conventional processes. The increase in
the surface strength mainly serves to increase fatigue behaviour of work-piece under dynamic load. In
this study surface roughness and micro-hardness are the main response variables and the process
parameters under consideration are spindle speed, tool-feed, number of passes and lubricants. The
material under consideration is En-8, which is commonly used industrial standard. Applying Taguchi’'s
design of experiments on the specimens, the aim is to find optimized values for enhancing the surface
guality and hardness economically. The standard orthogonal array L-9 has been used. On experimental
analysis, it is found that all the process parameters significantly affect the quality and in EN-8 the micro-
hardness values are larger due to work-hardening effect. After the burnishing process no change in
surface micro-structure was seen.
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INTRODUCTION

In the roller burnishing process the increase in surface
finish is achieved by flattening the rough peaks by com-
pressive force of the rollers. It resembles forming or cold
working in contrast to micro metal abrasion in the
finishing processes like honing and lapping. Two pheno-
mena have been generally associated in the analysis of
burnishing. One is flattening by plastic flow of roughness
peaks and second is the displacement into adjacent
valleys (Black and Oxely, 1997; Lin et al., 2004; Morimoto
and Tamamura, 1991).

Doubts arise if this type of cold working is the only
mechanism associated with these processes in view of
the fact, that the brittle materials like C.I. also have been
successfully burnished (Hassan and Magablesh, 2000;
Hassan, 1997; Rajesham and Jem Cheong, 1989). Expe-
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riments were carried to establish the effect of roller
burnishing tool parameters (speed, depth of penetration,
burnishing time and initial hardness of five different work-
piece materials (‘Al' and brass of various compositions)
on surface hardness, out of roundness and the change in
work-piece diameter. The results showed that depth of
penetration and burnishing time are the most important
parameters controlling the values of both the parameters.
The out of roundness increases with a decrease in initial
hardness of work-piece material (Fattouh et al., 1988).

Keeping these factors in view, major thrust in these
investigations has been directed towards comprehensive
analysis of surface integrity prior to and after burnishing
(Lin et al., 2001; El-Khabeery and El-Axir, 2001).

The roughness heights distribution of normal engi-
neering surfaces strongly suggest that different strata of
the surfaces reflect in some way the results of different
formative processes. A suitable analysis of their roughness
size is therefore highly important in analysis of mechanism



of the formative processes (Lin et al., 2001; El-Khabeery
and El-Axir, 2001).

Some of the interesting research findings related to
burnishing and super-finishing are as illustrated ahead.
The effect of burnishing parameters (Speed, depth, feed,
burnishing radius and lathe) on surface roughness and
waviness of non-ferrous components were studied expe-
rimentally along with theoretical analysis using self-
developed cylindrical Polycrystalline Diamond resulting in
different optimum burnishing parameters at different con-
ditions. The Ra value observed was as low as 0.08 um
with a tool radius of 1.33 mm. All parameters including
lubrication were significant (Hongyun et al., 2005). The
micro-hardness is reported to increase in the burnishing
process for En-8 materials (Jawalkar and Walia, 2008).
Roller burnishing being a specialized super finishing pro-
cess, as in any such processes, it improves the surface
finish to a very high degree inherently (Kumar 2006 -
2007; SHiou and Chang, 2008).

In a research finding using ball end milling operation the
required mould and die cavities when finished by ball-
burnishing, give getting excellent results along-with cold-
working effects, higher productivity, reducing the set-up
and changeover times (Quality improvement of ball-end
milled sculptured surfaces by ball burnishing, 2005).

In ball burnishing and ball polishing for NAK80 mould
tool steel, using Taguchi’s design of experiments, the
roughness of the surface on the tested parts is sequen-
tially improved from 1.0 m in average to 0.20 m in
average, thereby producing superfine finish (SHiou and
Chang, 2008).

In another experimental study using Design of experi-
ments the surface roughness is sequentially improved
from about 1.83 to 0.035 m on an average on the
hardened and tempered (HRc 50) STAVAX plastic mould
stainless steel using the ball grinding, ball burnishing and
ball polishing (Fang-Jung Shiou and Chin-Cheng Hsu,
2008), similar improvements in surface finish is reported
for large dies and moulds using ball burnishing [16].
Burnishing is not only limited to soft materials but also
found very effective in terms of finish and micro-hardness
for heat-treated steels, Inconel-718 and rolling of rotary
parts (The effect of ball burnishing on heat-treated steel
and Inconel 718 milled surfaces, 2007; Rolling of roraty
parts, 2009).

MATERIALS AND METHODS

In this current research paper, an effort is being made to under-
stand the underlying mechanism of improvement in the surface
finish and surface micro-hardness of burnished surfaces along with
the influence of the pro-cess parameters in “En-8" material, which is
commonly used in shafts, press-rods and actuators. Consequently,
it can be visualized that work-hardening phenomenon ob-served
present in En-8, whereas for soft materials like Aluminium, material
flow is reported due to plastic deformation, which is due to the soft
and ductile nature of the material (Jawalkar and Walia, 2008).
Schematic and practical setup for burnishing is shown in Figure
1. Figure 2 shows the specimen prepared for this study. The speci-

Jawalkar and Walia 039

v
)

Figure 1. Sample and burnishing tool on lathe.

Figure 2. Turned and burnished sample

Table 1. Process parameters and their range.

Process parameters Roller burnishing process

Levels 1 2 3
Spindle speed (RPM) 450 715 1050
Work feed (mm/rev) 0.04 0.07 0.10
No of passes 1 2 3
Lubricant Kerosene Diesel  Soluble OIl

mens were prepared on HMT NH-26 lathe to represent the
conditions for roller burnishing. The work pieces were cut from bar
stocks of En-8 material of 25 mm diameter initially turned and then
burnished on the same specimen adjacently. To measure the
surface roughness a standard ‘Talysurf was used and average
readings were taken from randomly machined surfaces, duly
cleaned by acetone.

Properly planned and executed work highly reduces the data
collection and avoids large experimentation. In these studies, the
fundamental mechanism of the process is being analyzed rather
than developing any regression models. The Taguchi L9 orthogonal
array has been used for discussing the results of various process
parameters. Following process parameters are selected for Taguchi
L9 orthogonal array as shown in Table 1.

RESULTS

The results of experimental observations are as plotted in
Table 2. Table 3 depicts the average values and main
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Table 2. Experimental observations.

Ra Values (um) roller burnishing process

Sl. No Trial | Trial 1l Trial lll S/N Ratio
1 0.28 0.17 0.18 13.3192
2 0.25 0.23 0.23 12.5104
3 0.37 0.32 0.34 9.27015
4 0.14 0.14 0.18 16.2221
5 0.34 0.26 0.28 10.5948
6 0.25 0.28 0.26 11.5802
7 0.16 0.21 0.25 13.5589
8 0.23 0.24 0.18 13.2209
9 0.21 0.13 0.18 15.0677
Sum 2.23 1.98 2.08 115.344
Table 3. Average values and main effects of surface roughness in roller burnishing.
Process parameter Level Rotational speed Feed-rate No of pieces Lubricants
Raw Raw S/N Raw S/N Raw S/N
Types of data Data S/N Data Data Data Data Data Data Data
Average Values L1 0.263 11.69 0.19 14.37 0.23 12.71 0.226 12.994
L2 0.236 12.79 0.248 12.11 0.188 14.6 0.236 12.54
L3 0.198 13.95 0.26 11.97 0.281 11.14 0.238 12.9
Main Effects L2-L1 -0.027 1.09 0.058 -2.26 -0.042 1.89 0.010 -0.44
L3-L2 -0.038 1.15 0.011 -0.14 0.093 -3.46 0.002 0.355
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Figure 3. Effect of speed on surface roughness.

effects of surface roughness in En-8 burnishing at the
three chosen levels as per Table 1.

In case of En-8 burnishing, it is seen from Figure 3 that
with an increase in spindle speed, the surface roughness
value decreases. In conventional material removal pro-

cesses too, this is a commonly observed phenomenon.
Figure 4 depicts that at lower values of feed rate the
surface finish is much better. At higher values due to fast
rubbing action, the Ra values are found to be increasing.
Figure 5 depicts that at intermediate values of passes,
the surface roughness is best, whereas at lower and
higher passes, it is found to increase. The reason is that
at optimum level of passes, at an intermediate pass the



Table 4. Pooled ANOVA (Raw data).
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SOURCE SS DOF F-Ratio SS© P %
Speed (rpm) 0.019 2 0.0094 7.833 0.0163 15.109
Feed 0.025 2 0.0127 10.572 0.0229 21.233
No of Passes 0.039 2 0.0196 16.317 0.0367 34.08
Lubricant 0.0007 2 0.0003 In-significant * *
Error 0.0233 18 0.0013 - 0.0319 29.578
T 0.1076 26 - 0.1078 100
Table 5. Pooled ANOVA (S/N Data).
SOURCE SS DOF F-Ratio SS© P %
Speed (rpm) 7.59 2 3.795 22.931 7.259 19.743
Feed 10.85 2 5.424 32.776 10.518 28.606
No of Passes 17.99 2 8.99 54.376 17.667 48.051
Lubricant 0.331 * Insignificant * *
Error 0.31 2 0.165 1.323 3.601
T 36.77 8 36.768 100
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Figure 5. Effect of passes on surf roughness. kerosene diesel soluble-oil
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peaks get flattened.

Figure 6 depicts that the overall effect of lubricant is
negligible and amongst them, kerosene is found to give
less surface roughness. The ANOVA results of raw and
S/N data are shown in Tables 4 and 5 respectively.

Study on micro-hardness

In the study on micro-hardness conducted on the same
specimens at the identical process parameters as per
Table 6, micro-hardness was checked at random places
on a calibrated German make digital micro-hardness tes-

Figure 6. Effect of lubricant on surf roughness

ter. Table 7 shows the average of three reading taken
from the randomly machined surfaces after thoroughly
cleaning them and applying the necessary correction fac-
tors. Table 8 shows the average values of process
parameters and main effects in case of Micro-hardness of
Burnishing (Higher the better).

At lower speed the micro-hardness is found to be lower.
As the speed increases, material being harder there is
resistance to plastic deformation and the micro-hardness
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Table 6. Process parameters in burnishing.

Process parameters Burnishing
Levels 1 2 3
Spindle-speed(rpm) 450 715 1050
Work feed (mm/rev) 0.04 0.07 0.10
Number of Passes 1 2 3
Lubricant Kerosene Diesel sol.-oil
Table 7. Experimental readings for En-8 specimens.
Micro-Hardness ‘En-8' Burnishing (Hv)
Sl. No Trial | Trial 1l Trial 1l S/N ratio
1 244 245 246 46.02
2 261 259 257 46.50
3 265 266 267 46.73
4 257 253 256 46.38
5 270 274 272 46.92
6 265 261 265 46.65
7 299 295 297 47.69
8 256 255 254 46.36
9 261 262 262 46.59
Sum 2378 2370 2376 419.8
Avg 263.8
272 47.1
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Figure 7. Effect of speed on micro-hardness (En-8).
increases with increase in speed. This is seen

experimentally as in Figure 7.

Micro-hardness is maximum at lower value of feed rate.
As the feed rate increases, micro-hardness reduces and
again increases gradually. This is due to some minor
plastic flow at intermediate feeds [Figure 8].

As the number of passes increase, there is increase in
micro-hardness, This is primarily again due to work-

hardening effect, due to continuous pressure of the rollers
of burnishing tool on the job, there is increases in surface
hardness, which gets better and better with increase in
passes [Figure 9].

Amongst the lubricants, use of diesel effects in
maximum hardness followed by kerosene and soluble oil
[Figure 10]. Hence in micro-hardness of En-8 Burnishing,
number of passes contributes maximum (56.1%) followed
by lubricant 22.9%, speed (18.37%) and feed has the
least contribution.

The graphs show that the ‘passes’, lubrication and
‘spindle speed’ have more effect in En-8 burnishing. As
these values increase, there is an increase in micro-
hardness (Hv). The effect of feed rate is negligible.

Some surface integrity study was conducted by taking
SEM photographs of the EN-8 burnished surfaces
(Figures 11 and 12) before and after burnishing which
reveals that there is no change in the micro-structures of
these specimens. The surface consists of uniformly
dispersed, fine equiaxed grains of pearlite and ferrite and
no segregation is seen. The grain size number is 8. The
test reference is as per reports of the NABL accredited
Lab (as per: IS: 7739 (PART V) 1976 (RA 1996)).

Conclusion

Roller burnishing process for which the results are repor-
ted in this paper can be considered as one of the impor-
tant processes for machining of precision components.
Within the range of test conditions employed, the
following conclusions can be drawn.

(1) Roller burnishing produces superior surface finish with
absence of tool feed marks. The average (um Ra) value
observed is 0.21 and the finest is 0.13 (Table 2).

(2) Number of passes, feed and spindle speed contribute
maximum for surface roughness in burnishing for En-8.
(3) Burnishing set up is possible on the same lathe where
the turning has been done, thereby reducing the setting
time to a great extent.

(4) The above experimental observations reveal that
burnishing can be successfully done for harder materials
like En-8 also.

(5) From the micro-structure, there is no change in the
surface integrity reported.

(6) Excellent surface finish along with the increase in
micro-hardness (Jawalkar and Walia, 2008) makes the
burnishing process superior over the others.

(7) Burnishing yields better results in terms of surface
hardness (Hongyun et al., 2005).

(8) The optimum values as presented in the tables and
graphs can help to get better results.

(9) Number of passes and speed contribute maximum for
the % improvement in surface hardness for burnishing of
En-8 due to work-hardening effect.

The end conclusion is that burnishing gives good results
in terms of surface integrity and hardness. Normally bur-
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Process parameter Level Rotational Speed Feed rate No of passes Lubricant
Raw Raw S/N Raw S/N Raw S/N
Type of data Data NP3  paa Data Data  Data  Data  Data
L1 256.667 46.421 265.778 46.699 254556 46.351 259.556 46.515
Average Value L2 263.667 46.657 262 46.601 258.667 46.493 273.222 46.953
L3 271.222 46.886 263.778 46.663 278.333  47.12  258.778 46.496
. L2-L1 7 0.236 -3.778 -0.097 4,111 0.143 13.667 0.437
Main effects
L3-L2 7.556 0.229 1.778 0.0619 19.667 0.627 -14.444  -0.457
Difference {(L3-L2)-(L2-L1)} 0.556 -0.006 5.556 0.1594  15.556 0.484 -28.111  -0.894
Table 9. Pooled ANOVA (Raw Data in En-8: Burnishing).
Pooled ANOVA ( Raw Data)
SOURCE SS DOF \Y F-Ratio SS© P %
Speed (rpm) 953.85 2 476.92 171.693 948.29 18.366
Feed 64.29 2 32.148 11.573 58.741 1.138
No of Passes 2907.18 2 1453.6 523.293 2901.6 56.196
Lubricant 1188.07 2 594.04 213.853 1182.5 22.902
Error 50 18 2.778 72.222 1.399
T 5163.40 26 5163.4 100

Significant at 95% Confidence level.

Table 10. Pooled ANOVA (S/N Data).

SS = Sum of Squares, DOF = Degree of Freedom, V = variance, SS = Pure sum of squares.

Pooled ANOVA ( S/N Data) micro-hardness Al- Burnishing

SOURCE SS DOF v F-Ratio SS© P %
Speed (rpm) 0.041 2 0.0205 159.63 0.0408 21.92
Feed 0.0003 * * * * *
No of Passes 0.137 2 0.068 532.778 0.137 73.48
Lubricant 0.0078 2 0.0039 30.327 0.0075 4.05
Error 0.0003 2 0.0001 0.001 0.55
T 0.1863 8 0.186 100

Significant at 95 % Confidence level.
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Figure 8. Effect of feed on micro-hardness (En-8).
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Figure 11. SEM photograph: grain size No: 8 (Before burnishing).
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Figure 12. S.E.M photos: grain size No: 8 (After burnishing).



nishing process is applied to dynamically loaded compo-
nents which have to undergo fatigue loading and require
long service life. Naturally, tough materials fall in these
categories.
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