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Exploring the Effects of Ball
Burnishing Process and Initial
Surface Roughness on the Core

Roughness Characteristics of

Copper Cylindrical Parts

AJavadi!, M. Farahnakian?, S.Elhami?

1. Introduction

Burnishing is a rolling process without chip
removal which applies strain hardening on the
surface. In burnishing, through a compression
force, surface deviations, including valleys and
peaks, are flattened and a finished surface is
achieved. Burnishing is known as a process that
affects the surface specifications and strain
hardening and has a great effect on the core
roughness parameters.

Ra is the most common parameter in analyzing
the surface profile and states the arithmetic mean
of surface deviations. When a great variation in
valleys depth or peaks height is created another
parameter is used which is called Rk. According
to Figure 1, the central area of the surface profile
is symbolled by Rk. Simultaneously, the mean
height of peaks that are higher than Rk area is
stated by Rvk. Moreover, the mean depth of
valleys which are deeper than the central area is
presented by Rvk.

¥ ‘ Rpk Al

A —

] QV[] W W vk

il dse g REMmM) go; Mr1 Mr2 1C

Figure 1. Definitions of Rk, Rvk, and Rpk

The high value of Rpk means that the surface
profile has high peaks which provide a small
initial contact area. Hence, great stresses are
expected on the mentioned peaks. Rvk refers to
the depth of valleys below the central area which
directly affects the lubrication condition and
storing of undesirable chips. It is possible to say
that low surface roughness can be achieved
through grinding and polishing but the main
effective parameter on the wear and lubrication

performance is core roughness parameters which
require more researches and attention. The main
effect of the burnishing process is on the
improvement of core roughness parameters.

In the current research, core roughness
parameters are studied during ball burnishing and
in the configuration of turning (cylindrical parts).
Another effective parameter is initial surface
roughness which has a direct effect on the final
surface specifications. A few researchers have
paid attention to this important parameter. In
previous researches, ball diameter was considered
as a constant parameter due to configuration
complexities. In this research, a special
configuration was designed to implement
different ball diameters.

2. Materials

A Coper workpiece was selected with a hardness
of 88 HB (Figure 2-a). Tungsten Carbide balls
were chosen with diameters of 12 and 20 mm.
Configuration includes a spring that applied
different burnishing forces according to Hook’s
law (F=KX) (Figure 2-b). A turning machine with
a code of TN50B was used to apply the burnishing
process.

Figure 2. a. Workpiece, b. Burnishing tool

3. Experimental design

Experiments were classified into two categories.
In the first category, the effect of burnishing
parameters was studied on the roughness and core
roughness parameters. All surface parameters are
as follows:

Ra, Rz, Rk, Rvk, Rpk
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Exploring the Effects of Ball Burnishing Process

A.Javadi, M. Farahnakian, S.Elhami

Table 1 shows the experiments variables and
design of experiments of case one.

Table 1. The experiment parameters and levels

Parameter Level 1 | Level2 | Level 3
Feed (mm/rev) 0.05 0.07 0.1
Burnishing force (N) 150 300 450
Ball Diameter (mm) 12 20 -

4. Results and Discussion

Figure 3 presents the roughness profile before and
after the burnishing process (roughness
parameters of the surface before burnishing are
Rz=26 pum and Ra=6.2 pm). The burnishing
process was performed by a ball with a diameter
of 12 mm, feed of 0.07 mm/rev, and force of 300
N. According to the scale of the vertical axis, it is
clear that Rz found a great improvement after the
burnishing process which show the flattening and
reduction of peak height. Moreover, a uniform
trend of the profile and small deviation from the
mean line results in significantly smaller values of
Ra.
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Figure 3. Diagram of roughness profile: a. Before, and
b. After burnishing process

Results showed that burnishing force has a
reverse relation to the surface roughness. On the
other hand, the feed has a direct relation to the
surface roughness. Variation of ball diameter
from 12 mm to 20 mm achieved a 20% reduction
of surface roughness. The smallest roughness was
achieved with a ball diameter of 20 mm, a force
of 450 N, and a feed of 0.05 mm/rev. Increase in
force and ball diameter and reduction of feed can
lead to improvement of roughness (Ra) up to 96%.

Results of Rk

As can be seen in Figure 4, reduced peak height
(Rpk) and reduced valleys depth (Rvk) are about
80% to 90% and 20% to 80%, respectively, which
shows the lower effectiveness of the burnishing
process on the Rvk. Results of Rvk show that a
ball with a diameter of 20 mm has a greater effect
on the Rvk, compared to a ball diameter of 12 mm.
Hence, ball diameter has a reverse direction to the
Rvk.
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Figure 4. Variation diagram of: a. ARvk, b. ARpk
during ball burnishing

5. Conclusion

Results can be classified into the following
categories:

1. Higher burnishing force and ball diameter
besides a smaller feed led to reduction of surface
roughness.

2. On average, the burnishing process decreased
core roughness of the surface up to 90%. Ball
diameter of 20 mm achieved more improvement
of surface roughness in comparison to ball
diameter of 12 mm.

3. Burnishing process reduced Rpk and Rvk about
80 to 90% and 20 to 80%, which shows the great
effect of the process on reduced peak height.

4. Burnishing process, through reduction of Rpk,
improved wear characteristics of the surface.
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