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Abstract

Hard roller burnishing with a ball tool is a surface-finishing where a free-rotating tool rolls over the machined surface
under high pressures and flattens the surface roughness peaks by cold work. In the present work, a new burnishing
technique has been applied which enables both single and double ball burnishing process in site after turning without
releasing the specimen. Sets of experiments are conducted to investigate the influence of burnishing force, feed, speed
and number of tool passes on surface roughness of AISI 1018 Low Carbon Steel specimens. Burnishing results showed
significant effectiveness of the new burnishing technigue in the process. The results revealed that minimum surface
roughness are obtained by applying the double ball burnishing process on AISI 1018 Low Carbon Steel specimens.
Improvement in surface finish can be achieved in both single and double ball burnishing by increasing the number of
burnishing tool passes. The results are presented in this paper.
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1. Introduction

Finishing processes are commonly used to improve the surface finish of the machined components. These processes can
be classified as chip removal process such as grinding and chip less process such as burnishing [1-3]. Burnishing is
considered as a cold- working finishing process, differs from other cold- working, surface treatment processes such as
shot peening, and sand blasting etc., in that it produces a good surface finish. Also, burnishing is economically
beneficial, because it is a simple and less costly process, requiring less time. Semi-skilled operators are enough to obtain
a high- quality surface finish [4-6].

Several works have been carried out recently to improve surface characteristics by using ball and roller burnishing
process. The process, as shown in figure 1, is one of the surface finishing processes that results in a plastic deformation
on the specimen surface by using a ball [7-9]. Plastic flow of the original asperities occurs when the yield point of the
specimen’s material is exceeded [10]; consequently the asperities will be flattened.

Burnishing process has many advantages over the other finishing processes, the improvement of the surface roughness
through the burnishing process generally ranged between 40% and 90% [11-13]. Compressive stresses are also induced
in the surface layer, giving several improvements to mechanical properties. Burnishing can improve both the surface
strength and roughness [14].
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Fig. 1: Material Flow From Peaks to Valleys in the Burnishing Process [5].

In this work a new burnishing technique has been presented which enables both single and double ball burnishing
process in site after turning on a conventional lathe without releasing the specimen. The main aim of this work has been
dedicated to study the influence of the new burnishing technique on the surface roughness of AlISI 1018 Low Carbon
Steel.

The variable burnishing parameters selected for the experimental work were the burnishing force, feed, speed and the
number of burnishing tool passes. These selected burnishing parameters are the most effective parameters in the ball
burnishing process [15] and [16]. The influence of the selected burnishing parameter upon the final surface roughness

of AISI 1018 Low Carbon Steel specimens has been demonstrated.
2. Material tool and experimental procedure

2.1. Test specimens

In this study AISI 1018 Low Carbon Steel has been selected due to its importance in industry. The chemical
composition and mechanical properties of the test specimens is 0.18%C, 0.21%S, and 0.60 %Mn, and mechanical
properties are o,= 475 N/mm?, and BHN= 143.

The specimens were received as a cylindrical bar of 32 mm diameter. The bars were cut to the appropriate length (85
mm) and turned to a diameter of 30 mm. Each specimens has turned to have 3 segments and grooves in between them
each segment has 30 mm in diameter and 15 mm in length as shown in fig 2. By applying different parameters on each
segment, this long specimen can be utilized as three different specimens.

As shown in Figure 2. First, turning operation is completed on one end of the specimen which clamped on the three-jaw
chuck during the burnishing operation, while facing and center drilling operations are applied on the other end of the
specimen. Then, the specimen is held in between the chuck and tailstock of lathe. A high speed steel single point cutting
tool is fixed in the tool post of the lathe and specimen turned to have three steps and grooves in between them. In actual
experiments, by applying different parameters on various steps, this specimen can be utilized as three different

specimens.
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Fig. 2: Dimensions of the AIS1 1018 Low Carbon Steel Specimen.

2.2. Burnishing tool

The tool employed in the experiments was designed and constructed, as shown in (Fig. 2). It consists of a ball made out
of Carbon chromium steel, with a diameter of 8 mm, and having 80 HRC and arithmetic mean average of surface
roughness (Ra) 0.01. The ball is in solid contact only with the surface to be burnished, and is guided by 12 idler balls to
be free to roll in any direction on the surface of the work piece. One tool was used for single ball burnishing, while two
tools were employed for double ball burnishing as shown in fig. 3.
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Fig. 3: Burnishing Tool.

The shank of one of the burnishing tools is designed in such a manner that it can be simply mounted or fixed onto the
tool holder of the lathe machine, while the other tool is mounted on a special holder. This holder is fixed on the lathe
saddle to move with it as one part. Then variable feed rates for burnishing were applied for the tools by the lathe saddle.
The tools were properly aligned and leveled using laser total station. As shown in figure 4. each burnishing tool is
ended with a hexagonal head adjustable screw which was tightened with a torque arm wrench to obtain the required
burnishing forces.
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Fig. 4: Photograph of Experimental Setup
2.3. Experimental procedure

The burnishing process is conducted on test specimens prepared by turning and alcohol was used to clean the specimens
after turning. The cleaning of the ball was carried out continuously in order to prevent any hard particles from entering
the contact surface between the tool and specimen.

The specimen to be burnished is clamped by the three-jaw chuck of the lathe and guided from other side by the lathe
tailstock. The burnishing process was applied after turning without releasing the specimen from the lathe chuck to keep
the same turning alignment.

Initial dry turning conditions were unified for all specimens as follows:

Cutting speed= 57 m/min., depth of cut =0.25 mm, feed rate= 0.32 mm/rev., and tool nose radius of 0.2 mm.

In this work, produced surface roughness, were measured after turning and burnishing process.

The surface roughness was measured using Taylor Hobson Talysurf model PGI 420. The measurements were carried
out across the lay using diamond stylus of radius 2.5 microns and adjusted meter cut-off 0.8 mm. Five readings of
surface roughness (measured by Ra) were taken for each specimen, and the average values are calculated. The surface
roughness value of turned specimens has been measured and the average value of Ra was 2.4 um.

As the aim of this investigation was to study the effect of the new burnishing tool in both single and double ball
burnishing process upon final surface roughness and to study the effect of burnishing parameters namely burnishing
feed, burnishing speed, and burnishing force upon final surface roughness. The applied Burnishing processes
parameters and conditions are listed in table 1.
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Table 1: Burnishing Parameters and Conditions

Burnishing feed(f) mm/rev. 0.09, 0.11, and 0.16

Burnishing speed m/min. 10.5, 29.6, 60.3, 85.7, and 116.5
Burnishing force (P)N 150, 210, and 270

Burnishing conditions Lubricant

3. Results and discussion

3.1. Effect of burnishing speed

The relations between burnishing speed and surface roughness are shown in figure 5. It showed the effect of burnishing
speed on surface roughness at constant feed rate of 0.11mm/rev., under different burnishing forces (150N,210N,270N).
It can be seen from fig. 5a, considering a single ball burnishing process, the increasing of speed decreases the surface
roughness for the force 150N, but in figure 5b and c for the forces 210N and 270N surface roughness first decreased
with the increase of speed up to a speed of 60.3 m/min. then slightly increased for further increasing of speed. The rate
of increasing with a force of 270N is higher than that with the force of 210N. This may partially, be due to chatter
which is usually existed at high speeds with high forces. Figure 5c. Also showed that, at low speeds the surface
roughness is optimum at a force of 270N, while the worst one was obtained in figure 5a with a force of 150N. This can
be attributed to the fact that, at low speeds the deformation action of the ball is high which deteriorates the surface
roughness. In this case high force is required to press the peaks of the burnished surface. But at high speeds the reverse
was true. Figure 5b also showed that, the minimum surface roughness was obtained at a speed of 60.3 m/min. and
burnishing force of =210N at 0.11 mm/rev. feed.

In situation where double balls were used for burnishing fig. 5, it can be noticed from figure 5a that, using low
burnishing force (150N) the surface roughness is increased as the speed increased. The same result was obtained when
using the force 210N but with a lower gradient as it can be seen from figure 5b. While figure 5c. Showed that the
burnished surface roughness is reduced as the speed increase at the burnishing force of 270N. It can be noticed from
figure 5 b and c also that, the range of variation of surface roughness for different speeds at the forces 210, and 270N is
minimum than that of single ball burnishing. This can be referred to the use of a second ball which prevents the elastic
deformation and whirling of the specimen which reduces vibration between the tool and specimen causing minimization
for the speed variation’s effect on the existence of vibration between tool and specimen. As it can be seen from figure
5c at low speed also (10.5 m/min.) the surface roughness for the force 270N is greater than other forces and this may be
due to over hardening caused for the specimen surface under the action of this force.

It can be seen also from Fig. 5a, b and c that, the range of surface roughness obtained by double ball burnishing is less
than that obtained by single ball burnishing. For double ball burnishing better surface roughness can be achieved using
low values of forces with low speeds, or using high forces with high speeds.
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Fig. 5: Effect of Burnishing Speed on Surface Roughness at Loads (A) 150 N, (B) 210 N and (C) 270N.

3.2. Effect of burnishing force

The burnishing force experiments conducted at constant speed of 60.3 m/min under different feed rates of 0.09,0.11and
0.16. It can be observed from Fig. 6 a, b and c that the increase in burnishing force in both single and double ball
burnishing process from 90 to 210 N at feed rates 0.09, and 0.11 mm/rev. leads to a decrease in surface roughness. Then
further increase of the force above 210 N leads to an increase of surface roughness at the mentioned feeds. For feed rate
of 0.16 the behavior is different as the increase of the force from 90 to 150N decreases the surface roughness, while
beyond this value of the force the surface roughness increases as the force increase. This may be because high forces
cause gradual shear failure in the subsurface layer which, in turn, causes surface flaking. However the highest surface
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smoothness is obtained by double ball burnishing at forces 150N, and 210N at a feed rate of 0.11mm/rev. Further
increase in the feed with high force deteriorates the surface finish.
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Fig. 6: Effect of Burnishing Force on Surface Roughness at Different Feeds: (A) 0.09 Mm/Rev,(B) 0.11mm/Rev and (C) 0.16mm/Rev

3.3. Effect of number of tool passes

The effect of number of tool passes on surface roughness has been investigated keeping the burnishing force , feed rate
and burnishing speed constant (V=60.3 m/min, f=0.11 mm/rev and F= 210 N). For the double and single ball burnishing
process.

To apply a number of burnishing tool passes upon the specimens for both single and double ball burnishing process,
first segment of the specimen, the segment close to the lath tailstock, is finished with a single ball burnishing tool one
time by keeping the burnishing force, feed rate and burnishing speed constant. After that, the second segment is finished
two times, the third segment three times. Then the specimen has been released and the second specimen is held in
between the chuck and tailstock of lathe and the finishing process by a single ball burnishing tool is continued up to
third segment of the second specimen to finish six passes. The previous steps have been implemented for the double
ball burnishing process up to six passes. Corresponding surface roughness values (Ra) are measured on all these
segments as shown in figure 7.

Both single and double ball burnishing curves in figure 7 indicated that the surface roughness reached a minimum value
by increasing the number of burnishing tool passes, after which it started to increase with further increase in the number
of passes. As it can be seen from the curves in figure 7 a reduction in surface roughness is taking place up to the third
pass in case of double ball burnishing, while it happened in the single ball burnishing up to the fourth pass. Beyond
these number of tool passes on both cases the surface roughness started to increase. In each pass, the tool is being
applied under a constant burnishing force to the plastically-deformed surface of the previous pass. Similarly to the
effect of burnishing force, after a particular number of passes, the surface layer becomes highly work-hardened, causing
flaking to occur. This will lead to the deterioration of the surface and an increase in the surface roughness. Despite of
both single and double ball burnishing improved the surface roughness with respect to no of passes, the investigation
showed that double ball burnishing process achieved the minimum value of surface roughness with minimum number
of tool passes.
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Fig. 7: Variation of Surface Roughness with the Number of Burnishing Tool Pass
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Conclusions

A new ball burnishing technique was introduced in this investigation which enables both single and double ball
burnishing process in site after turning without releasing the specimen. Effect of burnishing parameters upon final
surface was demonstrated.

1)  Burnishing results showed that, the burnishing tool has a significant improvement of the surfaces resulted from
the process. The surface roughness of the turned test specimens were improved by burnishing from about Ra =2.4
to about 0.09 pm,

2)  For the investigated material in this work the optimal value for burnishing force which gave minimum surface
roughness was 210N.

3)  The surface roughness decreases to a minimum value with the increase in the number of burnishing tool passes, in
both single and double ball burnishing processes. After attaining a minimum value, it starts to increase with
number of burnishing tool passes.

4)  Optimum condition of a Surface finish is obtained with double ball burnishing process at burnishing force of
210N, speed of 85.7 m/min, burnishing feed of 0.11 mm/rev, and number of tool pass was three.
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