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1. Introduction

Ball burnishing is a cold surface finishing
process used to improve the roughness and other
surface characteristics of aluminum alloys, resulting
in enhanced wear, corrosion, and fatigue resistance.
The process is based on the plastic deformation of
surface irregularities using a hard, polished ball that
is pressed against the workpiece under controlled
forces.

The key ball burnishing parameters that
significantly influence the final surface roughness
of aluminum include the applied force, burnishing
speed, number of passes, and lubrication conditions.
Studies have shown that multiple passes increase
surface smoothness; however, beyond a certain
threshold, additional passes do not yield substantial
improvements due to saturation of plastic
deformation. Moreover, moderate force levels (50—
300 N) combined with low burnishing speeds
(~0.05 mm/rev) have demonstrated the best results
in reducing the surface roughness parameter Ra.

Burnishing processes - including ball, roller, and
diamond burnishing - are recognized as effective
methods for enhancing the surface properties of
aluminum alloys, particularly in terms of roughness
reduction and hardness improvement.

Asadbeygi et al. experimentally investigated and
optimized the influence of burnishing process
parameters on aluminum alloy 2036, achieving a
significant decrease in roughness and an increase in
hardness [1]. Similarly, Cagan focused on the
aluminum-lithium alloy AI8090, analyzing the
effects of burnishing force, burnishing speed, and
number of passes, comparing results under dry
conditions and with minimum quantity lubrication
(MQL), while also evaluating environmental
aspects [2].

Ferencsik and Varga optimized diamond
burnishing of EN AW-2011 alloy, providing
detailed insights into the dependence of final
roughness on selected process parameters [3]. Yuan
et al. applied chaos theory to analyze the nonlinear
characteristics of surface roughness in aluminum
alloys, showing that burnishing parameters strongly
influence surface micro-geometry [4].

Ozkul [5] confirmed that ball burnishing
substantially improves the surface quality of
Al6013 alloy, whereas Dimitrov developed a digital
model of the process - based on experiments with
bronze and aluminum alloys - for parameter
optimization using artificial intelligence [6].
Labuda et al. investigated burnishing of EN AW-
6060 aluminum tubes, demonstrating improvements
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in hardness, roughness parameters, and the material
ratio of welded joints [7].

A comparative study by Harish Shivalingappa
[8] examined the differences between ball and roller
burnishing for A12024 alloy, while Swirad reported
a reduction in surface topography amplitude of up
to 94%, providing a detailed analysis of changes in
areal textures [9]. Amdouni et al, using response
surface methodology, modeled and optimized ball
burnishing of aluminum alloy 2017A-T451,
identifying optimal parameters for reducing
roughness and increasing microhardness [10].

Overall, the reviewed literature confirms that
optimizing burnishing process parameters -
including force, speed, number of passes, and
lubrication conditions - can lead to substantial
improvements in the surface integrity of aluminum
alloys. These findings provide a solid foundation for
further research aimed at tailoring the process to
specific technical requirements and sustainable
manufacturing practices.

The authors in this paper [11, 12, 13, 14, 15]
address the burnishing process and the influence of
its parameters on the surface finish quality of
various materials, including wood, aluminum
alloys, and steel alloys.

In this study, experimental investigations were
carried out on Al6088 alloy using a specially
designed ball burnishing tool on a universal lathe.
The aim was to analyze the influence of feed rate on
surface roughness parameters (Ra and Rz) and to
evaluate surface characteristics through Abbott—
Firestone (bearing area) curves.

2. Experimental Procedure

The experimental investigations were carried out
on a universal lathe Pus-1500. The work material
was Al6088 aluminum alloy with a diameter of 80
mm, selected to minimize elastic deformation under
the penetration force of the ball. The workpiece was
clamped in a three-jaw chuck and additionally
supported by a tailstock center, which further
reduced elastic deformation.

Preliminary machining was performed in the
longitudinal direction using a cemented carbide tool
with positive cutting geometry. The cutting
parameters were a spindle speed of 500 rpm and a
feed of 0.2 mm/rev. After preparation, surface
plastic deformation was carried out with a specially
designed tool for the ball burnishing process.
Burnishing was performed using a steel ball of 10
mm diameter at a penetration depth of 0.05 mm.

The aim of the experiments was to investigate
the influence of feed rate on the surface quality
achieved by ball burnishing. The workpiece length
was divided into five cylindrical sections, each 15
mm long. The first section (labeled 0) served as the
reference surface and was not subjected to
burnishing. Its surface roughness was measured in
five zones. The other four sections were burnished
with feed rates of 0.05 mm/rev, 0.08 mm/rev, 0.1
mm/rev, and 0.28 mm/rev, respectively (Fig. 1).
Roughness measurements were performed in the
same way as for the reference section, in five radial
zones, using an INSIZE ISR C-002 profilometer.
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Fig. 1. Surface of Al6088 workpiece with cylindrical
sections treated by ball burnishing under different feed
rates

3. Results and Discussion

The results of surface roughness measurements
obtained by ball burnishing at different feed rates
are presented in Table 1. For each feed,
measurements  were  performed at  five
circumferential positions (1, 3, 5, 7, and 9) to ensure
repeatability. Presented values correspond to the
average roughness parameters (Ra and Rz) with
standard deviations.

Table 1. Average values of Ra and Rz with standard
deviations for different feed rates

fne;g/;:;[; Ra (um) + st.dev | Rz (um) + st.dev
0.05 1.40 +0.15 6.45+0.30
0.08 1.48 £0.09 6.80 +0.28
0.10 1.62 +0.09 7.47+0.71
0.28 1.71 £0.06 8.63+1.17
Unburnished 1.77£0.25 8.44+1.19

Fig. 2 and 3 illustrate the relationship between
feed rate and the roughness parameters Ra and Rz.
A clear decreasing trend is observed as feed
decreases. The lowest values are achieved at 0.05
mm/rev, where Ra and Rz are significantly reduced
compared to the unburnished reference surface.
This confirms that feed rate is the dominant factor
in improving surface finish.
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20l surface integrity. At the optimal feed of 0.05
Lol mm/rev, the surface roughness parameter Ra was
Lsl reduced by ~21% compared to the unburnished

— condition, while Rz decreased by ~24%. Higher
H L feed rates (0.28 mm/rev) provided only slight
g 16 improvements over the reference surface.
- These findings are consistent with the literature,
L4t .
Lsl where low fe.ed rates are reportqd to yield the best
L . . . | surface quality [1, 10]. The improved Abbott-
0.05 0.08 . 028  Lnbumished Firestone curves confirm the enhanced functional
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Fig 2. Average Ra values versus feed rate with standard
deviation
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Fig. 3. Average Rz values versus feed rate with standard
deviation

In addition to average roughness, Fig. 4 presents
the material ratio curves (Abbott-Firestone curves)
for all investigated feed rates. The unburnished
surface exhibits the steepest slope and highest
profile heights, indicating pronounced
irregularities. Burnished surfaces, especially at 0.05
mm/rev, show smoother curves and lower Rmax
values. This demonstrates an improved load-
bearing capacity and higher wear resistance
potential, which aligns with the expected benefits of
ball burnishing.
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Fig. 4. Material ratio curves (Abbott-Firestone) for
different feed rates

The experiments confirm that decreasing the
feed rate in ball burnishing significantly improves

properties of burnished surfaces, such as increased
load-bearing capacity and improved wear resistance
[5,9].

Overall, the obtained results demonstrate that
feed rate plays a crucial role in ball burnishing.
Lower values (0.05-0.08 mm/rev) should be
applied when the goal is to achieve minimal
roughness and optimal surface integrity of
aluminum alloys

4. Conclusions

This study investigated the influence of feed rate
on the surface quality of Al6088 alloy subjected to
ball burnishing. Based on the experimental results,
the following conclusions can be drawn:

v' Ball burnishing significantly improves
surface roughness parameters compared to
the unburnished condition.

v' The feed rate was confirmed as the
dominant process parameter affecting
surface finish.

v The lowest values of Ra (1.40 um) and Rz
(6.45 um) were obtained at the feed of 0.05
mm/rev, representing reductions of
approximately 21% and 24% compared to
the unburnished surface.

v' The Abbott-Firestone (bearing area) curves
showed that surfaces treated with lower
feed rates have improved load-bearing
capacity and reduced profile heights, which
enhances their functional performance.

v' The repeatability of measurements at
multiple circumferential positions
confirmed the reliability of the results.

Overall, the findings indicate that lower feed
rates (0.05-0.08 mm/rev) should be applied to
achieve optimal surface integrity of aluminum
alloys processed by ball burnishing. These results
are consistent with previous research and provide a
solid basis for further optimization of burnishing
parameters in sustainable manufacturing practices.
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