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Abstract This paper is focused on the process of ball bur-
nishing. The influence of tool stiffness on surface roughness
parameters was considered theoretically, while experimental
investigation was conducted to establish the influence of
initial surface roughness (previous machining) on the effects
of ball burnishing as the finishing process. Experimental
investigations were conducted over a wide interval of most
influential process parameters (burnishing forces, burnish-
ing feed, and number of burnishing passes). The material
used in the experiments was aluminum alloy EN AW-6082
(AlMgSi1) T651. Burnishing was performed using a spe-
cially designed tool of high stiffness. Statistical analysis of
experimental data revealed strong correlation between
roughness, Ra, and burnishing force, burnishing feed, and
number of passes for the three surfaces, each with different
roughness parameters. Particular combinations of process
parameters yielded very low surface roughness, Ra, equiva-
lent to polishing. It is worth noting that high surface quality
can be achieved with relatively small burnishing forces,
which differs from the investigations published so far. Con-
trary to conventional approaches, which are based on elastic
tool systems, the authors propose the burnishing process to
be conducted with high-stiffness tools. Further investigation

shall be focused on optimization of burnishing process
parameters in order to achieve surface finish equivalent to
high polish.
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1 Introduction

Surface roughness has a significant impact on performance
of mechanical components [1]. Regardless of the machining
or forming technology applied (turning, milling, grinding,
rolling, casting, forging, etc.) processed surfaces of mechan-
ical components always feature roughness, which directly
impacts their interaction with the assembly [2]. Quality
finishing has positive impact on the functioning of mechan-
ical assemblies, power transmission, resistance to wear,
corrosion, operating life of mechanical assemblies, and fa-
tigue strength [3]. Conversely, inadequate finishing primar-
ily inflates energy consumption, increases wear, and the risk
of poor tolerances [4]. Among the most frequently used
processes for the increase in surface roughness are fine
turning and milling, grinding, polishing, honing, lapping,
superfinish, etc. Another parameter that determines surface
quality is surface microhardness, which largely influences
wear resistance and fatigue strength. Alternative methods
aimed at achieving higher wear resistance and fatigue
strength are based on pure deformation strengthening [5].
Mechanical processes that are often used to increase fatigue
strength are shot peening, hammering, water-jet peening,
brushing, ballizing of bores, and autofrettage.

One of the finishing methods that does not rely on chip
removal is ball burnishing. This method increases surface
quality, surface hardness, and dimensional accuracy [6, 7].
In addition, it reduces surface defects and modifies

B. Tadic : P. M. Todorovic : B. M. Jeremic :B. Bogdanovic
Department for Production Engineering, Faculty of Engineering,
University of Kragujevac,
34000 Kragujevac, Serbia

O. Luzanin :D. Vukelic (*)
Department for Production Engineering, Faculty of Technical
Sciences, University of Novi Sad,
21000 Novi Sad, Serbia
e-mail: vukelic@uns.ac.rs
URL: http://www.ftn.uns.ac.rs/

D. Miljanic
Metalik DOO,
81400 Niksic, Montenegro

Int J Adv Manuf Technol (2013) 67:601–611
DOI 10.1007/s00170-012-4508-2



microstructure of machined surfaces [5, 8–13]. Ball burnish-
ing process involves the rolling of burnishing tool across
workpiece surface. Depending on tool design, i.e., whether a
ball or a roller is used as the rolling element, one can
distinguish between the two processes: ball burnishing and
roller burnishing.

Literature review reveals that, in comparison to machin-
ing, burnishing offers specific advantages such as improved
surface roughness and hardness [1, 6, 14–17], which result
in increased corrosion resistance [18, 19], wear resistance
[19, 20], fatigue strength [17, 21], and tensile strength [22].
In addition, burnishing also contributes to transformation of
surface tensile stresses—which are the result of previous
machining (turning, milling, etc.)—into compression
stresses, which improves several mechanical properties
[22–25]. The depth of penetration of compression stresses,
as well as the thickness of the hardened surface layer,
depends on workpiece material and applied loads.

Burnishing can be used on various workpiece materials
such as various steels [1, 4, 5, 8, 9, 15, 25], bronze [6], alloys
for special applications [26], and aluminum [15, 22, 23], on
inner and outer surfaces of cylindrical workpieces, as well as
on the small- and large-area flat surfaces.

The burnishing process has been studied by numerous
researchers who investigated the effects of workpiece materi-
al, tool material (ball or roller), tool geometry, type of contact,
and various process parameters. The parameters of burnishing
process include burnishing speed, burnishing feed, burnishing
force (pressure), and the number of burnishing passes. A
majority of reports search for a combination of process param-
eters for various materials, which allow optimal results [1, 4,
6, 10, 14, 22–24, 27]. El-Taweel and El-Axir [6] examined
bronze burnishing and established that burnishing force, feed,
speed, and the number of passes exert greatest influence on
workpiece surface roughness and hardness. They established
that higher burnishing force and number of passes are associ-
ated with the increase in hardness, while hardness can also be
increased at lower burnishing speeds and feed rates. El-Taweel
and El-Axir used Taguchi method to limit the number of
experiments and reliably determine optimal burnishing
parameters. Gharbi et al. [1] used AISI 1010 steel plates for
burnishing and established that burnishing force was the most
influential parameter, followed by speed, feed rate, and num-
ber of passes. Experimenting with AISI 1010 plates, they also
established that the burnishing force should not exceed 400 N
in order to prevent peeling of surface layers. Their experi-
ments also revealed that increased burnishing force results in
thicker layers of strengthened material. Beside the force,
which is the most important factor of the burnishing process
with the decisive role in the peeling (damaging) of workpiece
surface layers, the number of passes also influences surface
roughness and hardness and influences the occurrence of
surface defects [12, 13, 28]. In addition, Gharbi et al. [1, 22]

developed mathematical models able to predict surface rough-
ness and hardness as the result of burnishing. Working with
soft steel and aluminum, Nemat and Lyons [15] established
that surface roughness can be improved up to 70 % by adjust-
ing the burnishing parameters, while the reduction of burnish-
ing speed and feed rate led to increased hardness of both
materials. Generally, burnishing improves surface roughness
between 40 and 90 % [27, 29–34]. Lin et al. [4] proposed the
burnishing factor, Lb, as the parameter that defines the optimal
combination of burnishing parameters. Burnishing factor, Lb,
is a function that depends on workpiece material hardness,
maximum contact pressure, relative sliding speed between
workpiece surface and tool, dynamic viscosity of lubricant,
characteristics of lubricant additives, and a correction factor of
the boundary film. This correction factor allowed them to
establish the relationship between surface roughness, burnish-
ing factor, initial value of workpiece surface roughness, tool
surface roughness, and burnishing feed.

Analysis of published work reveals different tool designs,
which utilize work elements in the shape of ball or roller.
The ball and roller can be made from ceramics, wolfram
carbide, chrome carbide, high chromium structural steels,
etc. The tools are designed so that the work element is
allowed freedom of movement. This is mostly achieved by
ancillary balls, which support the work element [1, 6, 22],
preventing the formation of adhesive joints. Tool designs
mostly utilize elastic springs to apply or measure burnishing
force [1, 6, 15, 22]. There are also design solutions that
provide the required force by means of pressurized fluid [5,
8, 9]. Finally, there are some special solutions which use
flexible tool holders [4].

In contrast to previous investigations, the authors of this
paper discuss the effects of the burnishing process taking into
consideration the initial surface roughness, i.e., workpiece
condition due to previous machining. Another thing that dis-
tinguishes this work from the others is that the burnishing was
performed with a specially designed tool of high stiffness.
More precisely, based on theoretical considerations, the
authors assumed that, compared to its previous counterparts
with springs, a high-stiffness tool should increase surface
quality. Especially large percentage increase in surface quality
was observed in the case of workpieces, which entered the
burnishing process with rougher surfaces. Extensive experi-
mental work was performed in order to support the claims.

2 Theoretical analysis

Beside parameters that define cutting regime and other con-
ditions (state of machine tool, machining fixtures, lubrica-
tion, etc.), the tool has a crucial role in any machining
process. The authors of this paper maintain that investiga-
tions in the field of burnishing should be mostly focused on

602 Int J Adv Manuf Technol (2013) 67:601–611



the analysis of dynamic tool behavior. This is especially
important in cases of high-speed machining, e.g., burnishing
on a lathe. Available literature does not provide information
on any thorough theoretical analysis of tool behavior under
real machining conditions. For example, one is unable to
find the stiffness data on springs, which provide burnishing
force [1, 6, 15, 22], or the data on pressure and variation of
fluid, which provides contact force between the burnishing
ball and workpiece [5, 8, 9]. However, it should be noted
that dynamic tool behavior during burnishing process is
very difficult to define theoretically. This is especially true
bearing in mind that the process is performed over uneven
surfaces while the dispersion of excitation forces, which act
on the tool is unknown. In addition, the magnitudes of tool
displacement into roughness valleys are on a microscopic
order. Through the following theoretical investigation, the
authors attempt to shed a global light on the values that are
tool related and impact the output effects of the burnishing
process. A treatment of flat surface area is considered at
relatively low tool speeds. Figure 1 illustrates the burnishing
tool in contact with workpiece material.

The force required for burnishing is applied by a spring of
stiffness k. In order to apply the force F, prior to beginning of
the burnishing process, the spring is compressed by a static
displacement, fst, from the referential position A1A1, into po-
sition A2A2. The contact between the ball and workpiece

material during tool movement along x-axis begins at rough-
ness peaks, e.g., at points K1 and K2, in the direction defined
by the angle of ball engagement, φz. Due to stochastic nature
of roughness, the angle of ball engagement, φz, varies also, as
well as the resulting resistance, FR, which at times t1 and t2
equals FR(t1) and FR(t2). The varying resistance force shall
cause oscillatory movement at one end of the spring (point B)
relative to the referential position, A2A2, by some value, fd.
These oscillations impact the quality of surface (arithmetical
mean roughness, surface waviness, and other roughness
parameters). Considering the previous discussion, there holds:

F �ΔF ¼ k � fst � fdð Þ ð1Þ
from which follows:

fd ¼ � ΔF k=ð Þ ð2Þ
where ΔF is the interval of force variations, and fd is the tool
(ball) displacement in z direction due to force, with the as-
sumption of fd≈Ad/2 (Fig. 1).

Experimental investigation was conducted with a burnish-
ing tool of high stiffness. Through preliminary experiments,
it was established that application of high-stiffness burnish-
ing tool can result in roughness below 0.2 μm and waviness
of approximately 0.6 μm. From Eq. (2), it follows that, given
the spring stiffness of 104N/m, the excitation force of just
ΔF00.01 N causes the compression of spring by 1 μm,

Fig. 1 Illustration of the
burnishing tool in contact with
workpiece material
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which is significant for the finish roughness in burnishing. On
the other hand, excitation force ofΔF00.01 N is very likely to
occur due to the stochastic nature of the roughness of previ-
ously machined surface, as well as the errors in machine tool
slideways, errors in burnishing ball shape, and other tool and
fixture components. Based on the previous discussion, from
the aspect of surface quality and dimensional accuracy, it is
best to provide the burnishing force with high-stiffness springs.

From this brief theoretical consideration, inertial and
damping forces were omitted for following reasons:

& Considered in this paper is a flat surface previously ma-
chined on a numerical milling machine. It was established
in preliminary experiments that surface waviness (wave
step sv) is on the order of magnitude 10−3m, while the
wave height is hv≈0.6 μm. The machining was performed
at 2,000 mm/min work table feed. Considering this, it was
supposed that the burnishing ball oscillates over the surface
waves. Based on the work table feed and the wave step, the
frequency fb and angular velocity ω of ball oscillations are
approximately fb033.3 s

−1, i.e., ω0209 rad/s.
& The mass of burnishing ball used in this experiment is

m01.4×10−3N. Knowing the mass, the amplitude of
oscillations (wave height) and angular rate, one is able
to calculate the inertial force:

Fin ¼ m hv 2=ð Þw2 ¼ 1:8� 10�5 N ð3Þ

It is supposed that the burnishing ball travels along
surface waves following the sine curve, which means that

Fig. 2 3D model of the burnishing tool

Fig. 3 Field layout of the plate
used in the experiment
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sine function can be used to simulate surface waviness.
& The damping force equals the product of damping coef-

ficient and ball oscillating speed, that is:

Fp ¼ b� fb ¼ b hv 2=ð Þw ¼ 6:18� 10�5b ð4Þ
where b is the damping coefficient.

Considering the value of damping coefficient [35,
36], one concludes that the damping force is an order
of magnitude below the spring elastic force, which is
active in the course of excitation of burnishing ball.

Based on the theoretical analysis, the authors decided to
conduct experiments with a high-stiffness tool. The tool
(Fig. 2) is designed to provide constant depth of penetration
into workpiece material, rather than the constant burnishing
force. The force required for burnishing is calculated based on
the depth of ball penetration into workpiece during the bur-
nishing process. Forces were measured by Kistler dynamom-
eter on a numerically controlled machine tool. Tool stiffness
(Fig. 2) was determined through the magnitude of deforma-
tions, which are the result of contact between burnishing ball
and the three radial bearings oriented at an angle of 120°
relative to the direction of ball penetration into workpiece. It
is clear that such tool design, with the ball supported at three
points, provides rolling of the ball in xy plane. The design of
burnishing tool also provides a common carrier for the radial
bearings whose deformations can be neglected. In this way,

total compliance of the tool system is reduced to the deforma-
tions, which occur in the zones of contact between the bur-
nishing ball and outer rings of bearings.

3 Experimental investigation

Experimental investigation of burnishing process was con-
ducted on a flat plate with the following characteristics: alu-
minum EN AW-6082 (AlMgSi1) T651, 89 HB hardness. The
chemical composition was 0.9 % Si, 0.5 % Fe, 0.1 % Si, 0.6 %
Mn, 0.9 %Mg, 0.25 % Cr, 0.2 % Zn, 0.1 % Ti, other elements
0.15 %, and the remaining content Al.

Dimensions of plate were 180×130×30 mm. The plate
was geometrically partitioned into three sections, which
were machined by milling to three different surface rough-
nesses. Each of the sections, 130×40 mm, was subdivided
into 36 fields, to produce a total of 108 fields (Fig. 3).

Surface roughness profiles of the three sections are
shown in Fig. 4. Surface roughness was measured by Taly-
surf 6 profilometer.

The burnishing process was performed on a numerically
controlled milling machine tool using the, already described,
specially designed tool. CAD model and photo image of the
tool are shown in Figs. 2 and 6, respectively. The tool design
features three roller bearings and allows the burnishing ball to
be supported at three points and freely roll in the plane. In this

Fig. 4 Surface profiles of the
three sections on the plate used
in experiment
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experiment, a 7-mm diameter burnishing ball was made of
steel, A 295 52100 (USA/ASTM Ball hardness and surface
roughness were 65 HRC, and Ra00.02 μm, respectively.

The plate was mounted on the clamping plate, type 9443,
which was screwed onto the three-component dynamometer,
Kistler 9265A, used to measure the forces. The measurements
were conducted with three burnishing feeds (f00.1, 0.2, and
0.3 mm), four numbers of passes, I01, 2, 3, and 4, and a tool
speed of v02000 mm/min. The forces were varied in the
interval of 36.31–383.64 N. Corresponding to these forces
were depths of tool penetration along z-axis, in the range of
6–18 μm. Shown in Fig. 5 is a typical example of the force
signal, which results in a penetration of approximately 6 μm
into workpiece material. Figure 6 shows photo image of the
tool performing burnishing operation.

The numerically controlled milling machine was
programmed to perform burnishing in 108 fields on the plate
with various process regimes, according to the plan of

experiment. Nominal force magnitudes were 50, 150, and
300 N. However, due to errors in surface flatness, and initial
surface roughness, those values deviated, from field to field,
from their nominal values. It is important to note that force
deviations did not affect the output results considering that
the goal was to perform burnishing with forces, which vary
within a defined interval. Presented in Tables 1, 2, and 3 are
the results of experimental investigation. For each field,
output is the resulting surface roughness Ra (arithmetical
mean roughness) and the mean value of bushing force.

To verify the theoretical model, additional experiments
were made. These experiments were aimed at identifying the
influence of tool system stiffness on the finished surface
roughness. Within this segment of experimental investigation,

Table 1 Measurements of surface roughness parameter, Ra, for initial
roughness Ra(ini)00.99 μm

I f100.3 (mm) f200.2 (mm) f300.1 (mm)

F (N) Ra (μm) F (N) Ra (μm) F (N) Ra (μm)

1 53.4 0.264 38.25 0.174 39.72 0.093

2 48.22 0.262 37.84 0.163 42.68 0.17

3 49.68 0.365 41.02 0.167 39.11 0.09

4 44.86 0.207 36.31 0.163 42.41 0.062

1 157.4 0.48 178.9 0.272 187.33 0.07

2 161.81 0.52 182.21 0.269 181.52 0.119

3 176.93 0.5 181 0.33 184.07 0.103

4 177.34 0.537 182.49 0.279 183.2 0.085

1 336.99 0.76 363.14 0.4 383.64 0.125

2 353.84 0.75 371.71 0.397 364.88 0.125

3 368.11 0.79 360.56 0.47 364.67 0.15

4 360.32 0.75 370.31 0.47 370.76 0.12

Table 2 Measurements of surface roughness parameter, Ra, for initial
roughness Ra(ini)01.36 μm

I f100.3 (mm) f200.2 (mm) f300.1 (mm)

F (N) Ra (μm) F (N) Ra (μm) F (N) Ra (μm)

1 57.78 0.56 65.6 0.47 63.87 0.16

2 62.5 0.57 63.08 0.34 61.27 0.29

3 65.15 0.38 63.3 0.167 62.84 0.11

4 64.87 0.35 65.67 0.35 62.2 0.09

1 190.41 0.54 202.67 0.317 194.6 0.225

2 199.28 0.575 189.06 0.3 200.95 0.101

3 203.23 0.54 198.68 0.315 204.01 0.111

4 206.87 0.56 198.61 0.38 195.85 0.26

1 300.32 0.71 349.17 0.333 350.35 0.124

2 316.53 0.81 345.13 0.5 363.66 0.17

3 330.38 0.87 353.89 0.46 357.36 0.22

4 349.62 0.86 353.64 0.47 336.74 0.22
Fig. 6 Photo image of experiment

Fig. 5 Example of burnishing force signal recorded for the penetration
depth of ≈6 μm
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burnishing force was applied using a system of springs of
various stiffnesses. Figures 7 and 8 show the CAD model and
photo image of the tool engaged in workpiece material. From
Figs. 7 and 8, it is obvious that the burnishing ball, tool carrier,
and ball rolling system (consisting of the three radially
mounted roller bearings at 120° angle) are identical to those
used in the previous experiment. More precisely, the tool
system used in the previous experiment was redesigned by
implementing a spring and a spring loader. The experiment
was performed using springs of k058.8 N/mm and k0
210.5 N/mm stiffness. The quality of previously machined
surface was Ra(ini)02.02 μm, while the burnishing was per-
formed with feed f00.2 mm, in a single pass. All other
parameters were kept the same as in the previous experiment.

Shown in Fig. 9 is the diagram of dependence of surface
roughness, Ra, on the magnitude of burnishing force applied
using springs of various stiffness within the tool system.
According to the data from Table 3, the diagram also shows
the dependence in the case of burnishing with a high-stiffness
tool system.

4 Statistical analysis of experimental results

Experimental results obtained by burnishing with high-
stiffness tool system were subjected to regression analysis.
The data were fitted with power functions. Regression equa-
tions and coefficients are shown in Table 4.

Based on regression equations, Fig. 10 shows 3D dia-
grams of dependence of roughness parameter, Ra, on the
burnishing feed and number of passes, for various burnish-
ing forces and initial roughness Ra(ini)00.99 μm.

Fig. 8 Photo-image of the redesigned tool system during the process
of burnishing

Fig. 9 Dependence of surface roughness, Ra, on the burnishing tool
system stiffness, at various burnishing forcesFig. 7 3D model of the redesigned burnishing tool system

Table 3 Measurements of surface roughness parameter, Ra, for initial
roughness Ra(ini)02.02 μm

I f100.3 (mm) f200.2 (mm) f300.1 (mm)

F (N) Ra (μm) F (N) Ra (μm) F (N) Ra (μm)

1 104.86 0.44 96.02 0.23 81.42 0.072

2 101.26 0.431 92.87 0.25 88.27 0.111

3 97.27 0.414 94.7 0.234 86.78 0.085

4 100.8 0.374 92.06 0.221 84.38 0.076

1 173.98 0.56 170.99 0.382 156.15 0.21

2 166.78 0.55 156.25 0.291 179.48 0.067

3 157.34 0.54 182.38 0.29 170.32 0.17

4 182.18 0.51 170.96 0.256 155.11 0.091

1 267.61 0.63 277.64 0.423 256.57 0.072

2 265.8 0.72 252.95 0.301 298.19 0.105

3 251.62 0.68 294.17 0.654 278.03 0.148

4 289.80 0.67 278.44 0.635 253.01 0.138
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Shown in Fig. 11 is a 3D diagram of dependence of
roughness parameter, Ra, on the burnishing feed, burnishing
force, number of passes and initial roughness.

5 Discussion

Investigations on burnishing process published so far have
relied on the tools with springs, which provide constant bur-
nishing force. However, theoretical analysis and experimental
results presented in this paper (Fig. 9) show that tool stiffness
plays a vital role not only regarding the lower surface roughness
but also the dimensional accuracy of the finished part. With this
in mind, extensive experimental investigation was conducted
with a high-stiffness tool system (Figs. 2 and 6). Based on the
diagram in Fig. 9, one can conclude that—all other parameters
being the same—higher tool stiffness provides lower surface
roughness. Pronounced variations of the burnishing force
(Fig. 5) occurred due to tool stiffness. Varying penetration
depth of burnishing ball into workpiece material caused varia-
tions in burnishing force relative to preset values. For the most

part, the disturbances of burnishing force were caused by
surface roughness and flatness error, which is also in compli-
ance with the theoretical considerations presented in this paper.

During burnishing experiments, the depth of penetration
of high-stiffness tool into workpiece material ranged be-
tween 6 and 18 μm. Bearing in mind that these depths are
relatively small, the following should be noted:

& Practical implementation of the proposed burnishing meth-
od using high stiffness tool system requires a relatively
high accuracy of the burnishing ball displacement, i.e., tool
positioning. Since modern numerically controlled machine
tools provide submicrometer positioning accuracy (up to
0.5 μm) and the depth of burnishing ball penetration is
within 6–18 μm range, one concludes that it would be
possible to use this penetration depth to control burnishing
process with an error that is probably below 10 %.

& Experimental investigations conducted within this study
are primarily aimed at clarifying the phenomenon of bur-
nishing with high-stiffness tool. The study showed that
burnishing force can be used as one of the key factors in

Table 4 Regression equations
and coefficients of correlation
for experimental data

Initial roughness Regression equation Coefficient of correlation
Ra(ini) (μm) R

2.08 Ra ¼ 0:024672� f 1:446031 � I0:021286 � F0:920447 0.941

1.39 Ra ¼ 0:616834� f 1:249964 � I0:003332 � F0:290122 0.980

0.99 Ra ¼ 0:63252� f 1:291022 � I0:015914 � F0:277760 0.991

Fig. 10 Trend of Ra change for various burnishing forces, burnishing
feeds, and number of passes, at initial roughness Ra(ini)00.99 μm

Fig. 11 Trend of Ra change for various burnishing feed, burnishing
force, number of passes, and initial roughness
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optimization of the burnishing process. Thus, practi-
cal industrial application of the proposed burnishing
method would require fitting the high-stiffness bur-
nishing tool with a force sensor. This would allow
burnishing force to be used as parameter of optimi-
zation of the burnishing process, with surface quality
as the goal function.

Experimental investigations were conducted as a full ex-
periment, with the burnishing force, burnishing feed, and the
number of passes being varied within broad intervals. Bur-
nishing was performed on three machined surfaces of different
initial surface roughness. This allowed the forming of regres-
sion equations (Table 4) with strong correlation. Based on
these power regression equations, one is able to analyze the
influence of particular burnishing parameters on the finish
surface roughness. For example, judging by the exponents
next to the numbers of passes (Table 4), for all three initial
surface roughnesses, it is evident that the number of passes
exhibits very small influence at any initial surface roughness.
The number of burnishing passes is most influential at the
initial surface roughness of 2.02 μm. That influence can be
assessed if the maximum number of passes (I04) is raised to
the power of 0.021286, which equals 1.02995, and then
compared to the unity. Thus, it shows that the influence of
the number of burnishing passes on the finish surface quality
is <3 %, favoring the larger number of passes. Similarly,
regression equations allow one to conclude following:

& Burnishing force of 100 N applied on the surface of
initial roughness Ra(ini)02.02 μm results in a 63.6 %
decrease in finish surface roughness, Ra, compared to
that obtained by the burnishing force of 300 N.

& Burnishing force of 100 N applied on the surface of
initial roughness Ra(ini)01.36 μm results in a 37.54 %
decrease in finish surface roughness, Ra, compared to
that obtained by the burnishing force of 300 N.

& Burnishing force of 100 N applied on the surface of
initial roughness Ra(ini)00.99 μm results in a 35.7 %
decrease in finish roughness, Ra, compared to that
obtained by the burnishing force of 300 N.

The above implies that, on average, smaller burnishing
forces yield better reduction of finish surface roughness
when applied to surfaces of higher initial roughness.

Based on graphs in Figs. 10 and 11 one concludes that,
within entire intervals of burnishing feeds and number of
burnishing passes, the smallest surface roughness, Ra, was
achieved on the surface of smallest initial roughness,
Ra(ini)00.99 μm, using a 100 N burnishing force. More-
over, based on the same diagrams, one concludes that
the application of burnishing force of 300 N on the
surface of smallest initial roughness, Ra(ini)00.99 μm,
yields larger finish roughness within the entire interval
of parameter variation. The largest surface roughnesses,
Ra, within the interval of parameter variation, regardless
of the initial surface roughness, were produced by the
maximum burnishing force of 300 N. Based on the
diagrams and regression equations, one concludes that,
given the burnishing conditions, lowest Ra’s are pro-
duced by small burnishing forces (F<100 N) on surfa-
ces of small initial roughness.

The influence of burnishing feed on finish surface rough-
ness is significant. Analysis of regression equations yields
following:

& A 0.1-mm burnishing feed on Ra(ini)02.02 μm initial
roughness decreases finish roughness, Ra, for 79.6 %
compared to Ra obtained for a 0.3 mm burnishing feed.

& A 0.1-mm burnishing feed on Ra(ini)01.36 μm initial
roughness decreases finish roughness, Ra, for 74.67 %
compared to Ra obtained for a 0.3 mm burnishing feed.

& A 0.1-mm burnishing feed on Ra(ini)00.99 μm initial
roughness decreases finish roughness, Ra, for 75.8 %
compared to Ra obtained for a 0.3 mm burnishing feed.

This means that, given the experiment conditions, the
influence of burnishing feed on finish roughness depends
very little on the initial roughness.

Figure 12 presents two identically scaled roughness pro-
files before and after the burnishing process. Surface rough-
ness prior to the burnishing process equaled Ra(ini)00.99 μm.
After the burnishing was completed (F042.41 N, f00.1 mm,
and number of burnishing passes I03), surface roughness was
reduced to Ra00.062 μm, which is 16 times lower. It is
especially important to note that this combination of parame-
ters produced finish quality equivalent to polishing.

It is evident from Fig. 12 that the upper ball surface
during burnishing moved very closely to the mean line of
the roughness chart. In this way, the roughness peaks

Fig. 12 Surface roughness
profiles before and after
burnishing

Int J Adv Manuf Technol (2013) 67:601–611 609



practically filled up the roughness valleys and created a
surface of very small roughness, Ra00.062 μm.

6 Conclusion

Theoretical investigation and experimental results presented in
this work showed that tool stiffness significantly affects the
finish surface roughness obtained by burnishing. Experimental
results confirm the claim that burnishing can be very effective-
ly performed using high-stiffness tool system. This provides
advantage to conventional approach regarding the quality of
finished surface. In addition, the application of high-stiffness
burnishing tools also allows better dimensional accuracy of
workpiece, which is a very interesting topic for future research.
The results of extensive experimental investigations allowed
the forming of regression equations, which provided high
correlation between finish roughness, Ra, and most influential
burnishing parameters: burnishing force, burnishing feed,
number of passes, and initial surface roughness. Based on
those regression equations, it was established that burnishing
force and burnishing feed significantly affects finish rough-
ness, while the number of burnishing passes does not, which
complies with the literature findings. It was also established
that initial surface roughness, Ra, and surface profile have
significant influence on the effects of burnishing process,
especially when the primary goal is to provide high-quality
surface finish. For a particular combination of burnishing
parameters, a Ra00.062 μm roughness was produced, which
cannot be found in the presently available literature. According
to the so far published data, the smallest roughness,
Ra00.19 μm, was obtained for steel AISI 1042, which
was previously grinded.

Based on the impact of burnishing force, burnishing feed,
and initial roughness, established in this work, the authors
maintain that the finish surface quality obtained by burnishing
can be significantly increased to match that of polishing.
Future investigation shall also be directed towards achieving
surface quality whose Ra is close to that of the ball used to
perform the burnishing process.
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