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ABSTRACT

The ball-burnishing process is done firstly, to improve the surface finish of workpieces that have been
previously machined and secondly, to obtain a harder surface with a compressive residual stress map.
In this way we will obtain a surface that is more resistant to wear and fatigue. In this paper we present
results of tests performed with this process that was applied to workpieces with a convex surface of
aluminium A92017. An experiment to do tests was designed. Measurement results of surface hardness
and residual stress are presented in this paper as well. These results are compared to those measured
in the workpieces before being burnished. Finally conclusions are drawn about the improvement of
these properties applied to workpieces through the ball burnishing process. The main innovation of
this paper is that we work on convex geometries. We also obtain a table of recommended parameter
values for the process.
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1. INTRODUCTION

A good surface property on a complex surface geometry is a very difficult problem to be solved. When
the development surface is complex, improving its quality is not that simple. Through a ball-
burnishing operation surfaces of complex configuration could be machined to obtain a good surface
finish on them. The ball-burnishing process does not only improve the surface quality, but also firstly
it increases the surface hardness, which may be convenient for some practical uses. Secondly it
changes the residual stress map that remains on surface layers of the workpiece. As shown in figure 1,
the ball-burnishing process is developed using a tool that is mounted on a hydraulic head, which will
apply some pressure to a ball. When this ball glides on the workpiece area, it deforms the peaks of the
surface irregularities. The workpiece surface is also hardened and it is exposed to compressive residual
stresses.

A ball-burnishing process is recommended because the tool can be easily installed on the same CNC
machine. The ball operates under the action of a normal force high enough to deform peaks of the
surface profile to be treated. The ball is in contact with the surface just for burnishing it. As it happens
in the cutting process, plastic deformation is produced on the entire surface because the workpiece is
compressed by the application of a ball or roller to produce a smooth and work-hardened of surface
irregularities according to El-Tayeb et a/ [1].

The ball-burnishing is considered by Srinivasa et al, [2] as a cold working process, which can be used
to improve surface characteristics. According to these authors, most papers which have been published
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before refer to effects of the burnishing process on surface roughness and hardness. But they
considered that it has not been worked enough to prove it. That is why their work was focused on
evaluating the increased wear resistance when a burnishing operation was performed. They finally
drew the conclusion that the ball-burnishing process improves the surface finish and hardness of non-
ferrous metals up to a certain extent. According to Srinivasa et a/, [3]; Hamadache et al, [4], and
Celaya et al, [S]; burnishing is used increasingly as a finishing operation which gives additional
advantages such as increased hardness, fatigue strength, and wear resistance. Experimental work based
on 3* factorial design was carried out to establish the effects of ball burnishing parameters on the
surface hardness of low alloy steels specimens.

Most of the research papers, as it can be seen, focused on experimental tests in flat or revolution
workpieces. The main purpose of this paper is to analyze how process parameters influence on the
micro-hardness and the residual stresses map of burnished convex surfaces of aluminium A92017 and
also to make recommendations about their optimal values to be used in this process. The main
innovation is that we work on convex geometries. The results of this work are very important to the
industry. They can be taken as guidelines for machining the surface type studied, which is present in
many mechanical components such as dies and molds.

To perform this study a 3%experiment will be developed. System parameters will vary between three
values. The variation impact on the results of measured micro-hardness and residual tensions is
obtained, as well as their best values.

Figure 2. Workpiece of
aluminium A92017 used in
experiments

Fme Table 1. Results of micro-hardness test
Hydraulic tappet Exp. T Y S Micro.
Steel guide- Number | (mm) | (mm/min) hardnessHV

Peaks 1 50 200 /! 125,5

2 100 200 // 178,5

3 50 350 /l 1273

4 4 100 350 /l 138,5

Valleys +7'+ 5 50 200 1 136,6

6 100 200 1 186,3

Figurel. Schematic representation of the 7 >0 350 L 130,0
Ball Burnishing process _ 8_ 100 350 L 141,6
Milling 119,9

2. EXPERIMENTS

2.1. Study on the micro-hardnessin convex wor kpieces of aluminium A92017

To verify if the burnishing process increases the hardness on wavy surfaces, a workpiece with three
convex surfaces with radii of curvature of 50mm, 100mm and 50mm each was used, like the one
represented in Figure 2. On this workpiece 8 different surfaces were burnished and then their micro-
hardness was measured on HV scale. On each surface process parameters differ. The micro-hardness
in milled areas was measured as well. Parameters used as burnishing process variables were as
follows: the radius of curvature of the burnishing surface r, the feed-rate of the burnishing tool a, as
well as the machining strategy involving the burnishing direction D which was performed parallel to
the milling feed direction (//) or perpendicular to it (L). These particular variables were applied since
in previous experiments (Travieso et al, [6]) it was proved that they have a large influence on surface
characteristics of workpieces. Parameters combined at two different levels each had 8 experiments as a
result. In this way, to what extent the surface hardness of burnished workpieces varied compared to the
milled ones could be determined. And how the variability of process parameters affected final results
of surface hardness could also be analyzed.

The surface micro-hardness test was measured in HV scale, with an upload of 10N. Measurement
results can be seen in table 1.
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As shown in Table 1 for results and regardless of parameter values, the value of the surface micro-
hardness increased in relation to the one that had remained on the surface as a product of the previous
milling operation, 17% on average. Results were analyzed with the Minitab software. The only
statistically relevant parameter that had some influence on results was the radius of surface curvature,
with R-Sq(adj)=71.33%.Pareto’s diagram proving previous results is shown in Figure 3. In this graph
the only relevant variable is the radius of surface curvature r whose standardized effect exceeds the
26.88 limit. As shown the radial effect was higher than the one of feed-rate. This was likely due to the
fact that the burnishing force component applied all along the surface changed its value because of the
surface inclination. Although feed rate was not a significant parameter, it had some relevance for the
analysis, as it is shown in Pareto's diagram. The reason is that strain hardening depends on strain feed-
rate which also depends on burnishing feed-rate. In this case the value of surface micro-hardness could
be estimated with assessed parameters by means of the expression (1).
HV=98.4750 + 0.6275 r (D

Then the confidence interval was estimated for the constant in equation (1) as well as a significance
test for the correlation between radius of curvature and micro-hardness. The significance test for
correlation drew as a result that F for Fischer F1=6.218 and F2=5.98738. If F1>F2, it meant that there
was a correlation between data obtained in the experiment. So it proved that there was a correlation
between the workpiece radius of curvature and micro-hardness results obtained. The confidence
interval for the constant in equation (1) equals +48.6796 and +£0.6158 respectively. Analysis results
can be seen in figure 4.
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Figure 3. Pareto’s diagram for standardized Figure 4. Linear regression showing the influence
effect of HV of the curvature radius variation on HV

As it is known, the radius was the only significant parameter. As the radius increased, micro-hardness
values increased since the force component applied to the surface in a large radius was higher than the
one applied in a smaller radius. Therefore, the tool exerted more force on workpiece surfaces of radius
100mm than on surfaces of radius 50mm.

2.1.1. Recommendations on parameter values

According to results, obtained parameter values of the system for each case can be recommended to
obtain best results. They are: feed 200mm/min; curvature radius. 100mm and burnishing
direction perpendicular to milling.

2.2. Study on residual stresses on convex surfaces of aluminium A92017

To verify what happened on the inner layers of the burnished workpiece material, remaining residual
stresses were measured after the process. Two samples of the convex workpiece of aluminium A92017
were used. Sample surfaces have radii of curvature of 100mm and 50mm each.

To measure residual stresses the diffraction of X-rays technique was applied. This technique allows
measuring the strain of the crystal lattice, whereas the stress is determined from the spring constants
for diffraction of X-rays. According to Bragg's Law (2) directions in which the diffraction of X-rays
on a crystal surface generates interferences can be studied, since it allows anticipating the angles in
which X-rays are diffracted by a material with an atomic structure of crystal.

m. = 2d sin(ot) .(2)
Where: 4- Wavelength of X-rays; m- Order; d- Spacing between planes of the crystal lattice; a- Angle
between incident rays and scatter planes

99



For each material the diffraction peak corresponding to the diffraction angle which provided more
intensity and resolution was determined. This peak could be measured for angles of inclination of
different crystals ¢, in relation to the workpiece surface. This also meant that there was a diffraction
peak associated to each diffraction plane to be measured.

For workpieces of aluminium A92017, the angle of inclination with the highest intensity peak was
20=112° In graph of Figure 5, ranges of diffraction peaks for this particular angle in case of
workpieces with 100 can be seen. The range of diffraction peaks was associated to the stress condition
in material planes. Values were applied to a waveleneth of radiation A=0.1541874nm.
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Figure 5. Angle variation for different intensities of radiation and Spacing variation
between planes d, as a function of the O angle sinus and value of residual stresses
obtained, for workpiece with 100mm curvature
According to Bragg’s Law spacing between planes of crystal lattices were measured and spacing
between diffraction planes d was related to the sinus angle of inclination in different crystals ¢ (figure
%). Triangle-shaped dots represent values for positive ¢ angles, whereas square-shaped dots stand for
negative angles. The solid line represents the estimated tendency for such values. For value ¢=0°, the
value of residual stresses was determined via the center of gravity method. This calculation was
possible due to the fact that stresses were proportional to strains in the equation format (3).
o=FE¢

Where: o- Residual stress; £- Young’s Module; - Strain measurement

Values obtained were -259.2MPa and -130.9MPa. The minus sign means that stresses were
compressive. This performance is related to both workpieces despite their radii of curvature.

.(3)

3. CONCLUSIONS

The ball-burnishing process increases micro-hardness values by approx. 17% on convex surfaces of
aluminium A92017. The process also provides residual stresses of compressive type, which are likely
to increase the fatigue service life of workpieces. Each assessed process parameter has a specific value
with which the best micro-hardness results are obtained.
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