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ABSTRACT: Lathe is one of machine tools used to produce round mechanical parts.
Most of these parts must be finished with high accuracy which can not be obtained with
conducting turning process only. Therefore, the obJecuve of this work is how the center
rest can be used to finish the round machined parts in suite on the center lathe, To achieve
the object, three ball burnishing tool are designed and constructed as long as replacmg the
three original adjustable jaws of the moving rest.

Experimental work was carried out on a lathe to study the effect of this new burnishing
tool and the lathe parameters; such as, burnishing speed, burnishing force, and burnishing
feed on some surface characteristics which are; surface roughness, surface roundness and
reduction of diameter.

The results showed that good surface characteristics can be obtained by using this new
burnishing tool with minimum cost as a result of transfer the center rest from only suppert
element to super finish too! (burnishing tool). Burnishing force and burnishing feed are the
most important parameters that play an important role in controlling the values of all
surface characteristics investigated in this work.

KEYWORDS: Bumishing, center rest, surface roughness, surface roundness, change in
diameter

1. INTRODUCTION

During rccent years, considerable attention is being paid to the post-machining metal
finishing operations such as burnishing which improves the surface characteristics by
plastic deformation of the surface layers [1]. Bumishing is essential by a cold-forming
process, in which the metal near a machined surface is displaced from protrusion to fill the
depressions. Besides producing a good surface finish, the burnishing process has additional
advantages over other machining processes, such as increased hardness, corrosion
resistance and fatigue life as result of the producing compressive residual stress.

A literature survey shows that work on the burnishing process has been conducted by many
researchers and the process also improves the properties of the parts, for instance;
increased hardness [2-7], surface quality [2,7-9], increased maximum residual stress in
compression [2,10,11], higher wear resistance [12-14] and decreased out of roundness
{15]. The parameters affecting the surface finish are: burnishing force, feed, ball or roller
material, number of passes, workpiece material, and lubrication [2].

The present paper examines the use of a new ball bumishing tool ( moving rest burnishing
tool) to give good surface characteristic such as, higher surface finish, less out of
roundness and the smaller change of workpiece diameter that play an important role on the
required tolerance and fit especially during assembly of parts. The effects of three
burnishing parameters; namely; bumnishing speed, feed, and burnishing force on three
different responses, which are, the surface roughness, out-of-roundness and change in the
workpiece diameter are comprehensively studied through this work .

2- EXPERIMENTAL WORK

2-1. WORKPIECE MATERIAL

In this work, mild steel was used as a workpiece material. The chemical composition and
mechanical properties of the material are as follows:
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" This matenal was selected because of its importance in industry and its susceptibility to
degradation when burnished, through surface and subsurface damage.

2-2.WORKPIECE PREPARATION

The material was received in the form of solid bars that was machined into workpieces
having the dimensions shown in Fig. I. The workpieces were prepared with three recesses
such that each specimen could be used in three different conditions at positions to study the
effect of the number of balls which were used during bumishing using the center rest
burmishing tool; one ball (part A}, two balls (part B), three balls (part C) further more a
portion D was left without burnishing for companison purposes with portions A, B and C.
The part E which is shown in the figure is safety length to avoid the impact of the rest with
the chuck

Fig. 2a shows a specimen attached to the chuck and the center rest bumnishing tool which
constructed to achievement the aim of this work. While fig. 2b shows one tool of three ball
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Fig. 1 Workpiece geometry, Dimensions in mm

burnishing tools which are designed and constructed to replace the three original adjustable
jaws of the steady rest.
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Fig. 2 Burnishing tool and its attachrment to the center rest

As shown in the figure each burnishing tool is ended with a hexagonal nut. By tighten this
nut with torque arm wrench, variable burnishing forces were obtained. Also burnishing
with one, two, and three balls were applied by disable one or two of these tools.

The center rest was clamped with the lathe saddle to move with it as one part and then
variable feed rates for burnishing were applied by the lath saddle.
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2-3. BURNISHING CONDITIONS

In this work, extemal moving rest ball burnishing tests were performed. All of the
burnishing tests were performed under lubricated conditions. The lubrication was
performed through the ordinary lathe cooling system.

Only three bumnishing parameters were chosen namely, bumnishing speed (V), bumishing
force (F), and feed (f), also other parameters such as ball diameter and lubrication were
held constant throughout the work.

Since dry burnishing conditions produced poor surface finish. It was decided to apply
suitable lubricant during all tests which was emulation-type soluble oil mixed with water.
Also, constant ball diameters each of 10 mm were used throughout this investigation. The
burnishing conditions are summarized in table 1

Table I Summary of Burnishing Conditions Range

Bumishing speed (m/s) | 0.159-1.84 ]
Burnishing force (N) 70 - 230 ]
Burnishing feed (mm/rev) 0.04 - 0.19 ]
Ball diameter (mm) 10 |
Burnishing conditions Lubricated ]

2-4. MEASUREMENTS

In this work, produced surface roughncss, change in workpiece diameter, and out-of-
roundness were carefully measured using standard techniques. Different burnishing forces
were applied using the torque arm key. Different feeds also were applied using lathe feeds
as the center rest was clamped to move with the lathe saddle as one part.

2-4-1. Change in the Workpiece Diameter

Ball burnishing process usually reduced the workpiece dimension in the direction (change
in diameter). The change in the Workpiece was measured at different places a long and
around each test piece using a micrometer with 0.001 mm accuracy.

2-4-2, Surface our-of-Roundness

A roundness error is considered as one of the important geometrical errors for cylindrical
components because it has negative effects on accuracy and other important factors such as
the filling machine elements, and wear in rotating elements. Also, it is well known that
only plastic deformation takes place in the surface during the burnishing process, which, in
turn, causes variation in the produced roundness. Therefore, surface roundness before and
after bumishing was measured using ROUNDTEST RA-112-122. For better results the
arithmetic average of three readings has been calculated.

2-4-3. Surface Roughness

Quality surface finish affects the functional performance of the surface of the component,
wear resistant, load bearing capacity, and corrosion resistance. During burnishing process
the tool compress the outer surface layer by the polished hardened tool (ball or roller) so, it
reduces the surface roughness. A Talysurf 402 series178 was used for measuring the
surface roughness (measured by Ra) afier burnishing. It should be pointed out here that the
average of three readings for each portion (A,B,C, and D) of the specimens was calculated.



M. 86 M. H. El-Axir & A. A. [brahim

3. RESULTS AND DISCUSSION

To study and discuss the effect of the input parameters on the three different responses,
Figs. 3-11 are constructed showing the results of the effect of burnishing conditions in the
cases of one, two and three ball on the response with the same burnishing conditions on the
same figure. It should be pointed out here that in the case of burnishing force, it was found
that the results of 70N and 100N and also of 200N and 230N were very close. Therefore,
only three levels of burnishing force (70N, 150N and 230N) were presented in each figure.

3-1. SURFACE ROUGHNESS

3-1-1. Burnishing Speed

The effect of bumishing speed on the surface roughness in the case of using one, two, and
three balls can be assessed from Fig. 3. The results reveal that the effect of burnishing on
the surface roughness in the three cases is not the same. In the case of using only one ball,
it can be seen that an increase in bumishing speed leads, in general, to a decrease in surface
roughness up to about 1 pumy/s. The burnished surface roughness starts to increase slightly
with any increase in burnishing speeds more than I m/sec. This is partly due to the fact that
the deforming action of the ball is smaller at high speed and partly due to the chatter that
usually induces at high speed.

In the case of applying two balls, there is an interaction between burnishing speed and feed
on surface roughness. At low feed, the increwnent of burnishing speed first decreases the
surface roughness reaching to the lower value and then surface roughness starts to increase
with further increases in bumishing speeds. At high feed, an increase in burnishing speed
leads to a decrease in the burnished surface roughness.

In case of applying three balls, it can be seen for the various feeds, the surface roughness
of the burnished surface increases with an increase in burnishing speed. Also, this figure
shows that the rang of resulting values of bumished surface roughness is smaller than that
in the previous two cases. The deterioration of the surface roughness in the butmishing
process at high bumnishing speeds is believed to be caused by the chatter that results in
instability of the burnishing tool across the workpiece surface.

Fig. 4 shows the effect of burnishing speed on surface roughness at various bumishing
forces in the three different cases of the applying balls. The general trend of the results in
the three cases reveals there is an interaction between burmishing speed and force. At low
burnishing force, the burnished surface roughness decreases with an increase in burnishing
speed up to about 1.5 m/s. At high and highest burnishing force, an increase in bumnishing
speed up to | m/s leads to a considerable improvement in surface roughness. This is may
be because the lubricant looses its effect due to the insufficient time for it to penetrate
between the balls and the workpiece surfaces. It is better then to select low speeds because
the deforming action of the burnishing tool is greater and the metal flow is regular at low
speed.

In the case of appiying three balls, it can be seen that at low burnishing force (70N) the
surface roughness of the bumished surface increase with an increase in burnishing speed
whereas at forces of 150N and 230N the bumished surface roughness decreases
considerably with an increase in burnishing speed. It is believed that when the three balls
of the moving rest burnishing tool contact with the workpiece surface the stability of the
tool is much more than that at the previous two casés and this feads to a reduction in the
effectiveness of chatter.
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—&— Feed=0.04mm/rev
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Fig. 3 Effect of burnishing speed on surface roughness at various feeds in case of
using one, two and three balls s
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Fig. 4 Effect of burnishing speed on surface roughness at various forces in case of
using one, two and three balls
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3-1-2, Burnishing Feed

The influence of the feed rate on the surface roughness is shown in figs. 3 and 5 for various
speeds and forces in the three different cases under the effect of number of balls, The
roughness of burnished surface in the three different cases first decreases with an increase
in feed reaching to the minimum at about 0.12 mm/rev and then it starts to increase slightly
with a further increase in burnishing feed. This may be due to the change of the contact
area between the ball and workpiece surface which is dependent on the burnishing
parameters especially at very low feed and low forces.
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Fig. 5 Effect of bumnishing feed on surface roughness at various forces in case of
using one, two and three balls

3-1-3. Burnishing Force

Figures 4 and 5 show the effect of burnishing force on the surface roughness for different
speed and feed, respectively. The best results in the three different cases were obtained at
bumnishing force of 150 N. Also, from these figures, it can be seen that burnishing force
interacts with burnishing speed. At low force an increase in burnishing speed up to 1.5 m/s
results in a decrease in surface roughness. At high force the burnished surface roughness
increases with an increase in bumishing speed. By increasing the applied force, the bulge
in front of the bumnisher becomes very large and the region of plastic deformation widens
and this damages the already burnished surface or increases the surface roughness.

At high speed, the high surface roughness can be interpreted by the low deforming action
of the balls and also because the lubricant loses its effect due to the insufficient time for it
to penetrate between the balls and workpiece. It is better then to select low speeds because
the deforming action of the bumishing tool is greater and metal flow is regular at low
speed.
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3-2. SURFACE ROUNDNESS

3-2-1. Burnishing Speed

The effect of burnishing speed on the variation of out-of-roundness can be assessed from
Figs. 6-7. From these figures, it can be seen that in the case of using one ball, as the
bumishing speed increases the out-of-roundness decreases at any value of feed and/or
force. However in the case of two balls, there is an interaction between burnishing speed
and feed. At low feed, an increase in bumishing speed leads to a decrease in the out-of-
roundness whereas at highest feed the out-of-roundness increases with an increase in
burpishing speed.

The best results can be obtained at a combinaticn of bumishing speed of 1m/s with
burnishing feed of 0.12 mm/rev. Also, the obtained results of out-cf-roundness applying
the moving rest burnishing with three balls are the best.

3-2-2. Burnishing Feed

Figs. 6 and 8 present the effect of the burnishing feed on the burnished surface roundness
at various speeds and forces, respectively. It can generally be seen that out-of-roundness
decreases with an increase in bumnishing feed, reaching a minimum value at a burnishing
feed of 0.12 mm/frev. A further increase in feed than 0.12 mm/rev causes an slightly
increase in surface out-of-roundness. From the resulls of these two figures that it is
preferable, then, to avoid burnishing at very low feeds. This is because may be at very low
feed the deforming action of the balls is too high so that the flaking occurs at this very low

feed.

0 one by,

—— Feed=0.04mm/rev
—o—Feed=0.12mm/rev

—g— Feed=0.19mm/rev

Fig. 6 Effect of burnishing speed on surface roundness at various feeds in case of using
ong, two and three balls
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——Force= 70N
—O— Force= 150N
-—Force=. 230N

Fig. 7 Effect of burnishing speed on surface roundness at various forces in case of
using one, two and three balls

3-2-3. Burnishing Force

Bumishing force is one of the very important bumishing parameters that affect the results
of this process. The increase in bumishing force causes increase in the amount of surface
deformation as the tool passes along the surface of the workpiece. This will lead to an
increase in the homogeneity of the surface layers, which have been affected by plastic
deformation, so that the out-of-roundness will improve (decrease) via the increase in
bumishing force up to 150 N, as shown in Fig. 8. The cut-of-roundness of the burnished
surface decrease as bumishing force increased as a result of the regularity of the metal flow
on the bumished surface from 70 to 150 N. However, the results show that when
bumishing mild steel with forces more than 150 N, the surface roundness is deteriorated.
This may be because high forces cause shear failure in the subsurface layers which, in tumn,
results in the flaking.
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Fig. 8 Effect of bumishing feed on surface roundness at various forces in case of
using one, two and three balls

—— Feed=0.04mm/rev
—0— Feed=0.12mm/rev
—g— Feed=0.19mm/rev

Fig. 9 Effect of burnishing speed on change in workpiece diameter at various feeds in
case of using one. two and three balls
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3-3. CHANG IN WORKPIECE DIAMETER

3-3-1. Burnishing Speed

Figs. 9 and 10 present the effect of the burnishing speed on the change in workpiece
diameter at various feeds and forces, respectively. From these figures, it can be seen that
for the various feed and force used in this work, a change in workpiece diameter decreases
with an increase in bumishing speed. It is believed that the increase in the diameter change
at low speed is possible due to the high deforming action of the ball of burnishing tool.

—n—Force= 70N

—o—Forces 150N

—5—Force= 230N

Fig.10 Effect of bumishing speed on change in workpiece diameter at various
forces in case of using one, two and three balls

3-3-2. ﬁumishing Feed

Figs. 9 and 11 show the change in diameter versus burnishing feed for different burnishing
speeds and force, respectively. The change in diameter considerably with an increase in
burnishing feed from 0.04 to 0.12 mmy/rev. The maximum change in diameter is obtained
at the Iv. ~st of burnishing feed and burnishing speed used in this work as a result of the
significant effect of the ball burnishing tool on the outer burnished surface. The minimum
change in the workpiece diameter was obtained in the case of employing the moving rest
burnishing tool with the three balls.
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Fig. 11 Effect of burnishing feed on change in workpiece diameter at various forces
in case of using one, two and three balls

3-3-3. Burnishing Force

Bumishing foree is one of the very important burnishing parameters that affect the results
of this moving rest-burnishing tool. It can be seen from Figs. 10 and 1! that, for'a given
speed and/or feed, an increase in burnishing force causes an increase in change in
workpiece diameter of the burnished surface, The increase in the change in diameter when
employing high force can be aitributed to the increase of the balls pressure on the
workpiece surface resulting in compressing most asperities and increase the metal flow
which leads to the filling of more voids that exited in the subsurface layer due to

machining operation (turning), or as a metal defect.

4, CONCLUSION _
In this investigation the moving rest was used as a super-finishing tool by replacing the
three original adjustable jaws of the moving rest with three ball burnishing tool. The
effects of burnishing parameters using this new tool were studied. The following can be
concluded from the investigation:

1- The output responses of the bumished surface using the moving rest ball burnishing
are mainly influenced by the three parameters used. The bumishing- force and
burnishing speed play a major role and their effects can be considered as the most
important input parameters

2- An increase in burnishing speed up to 1.5 m/s leads to a decrease in both the
burnished surface roughness, out-of-roundness and change in workpiece diameter
whereas the increase in burnishing speed more than !.5m/sec result in an increase in
both surface roughness and out-of-roundness.

3- An increase in bumishing feed up to 0.12 mm/rev leads to a decrease in all

responses studied in this work. The best results for surface roughness and/or
roundness obtained at burnishing force of 150 N and burnishing feed Of 0.12 m/rev.
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4- Good results for all responses studied in this work can be obtained using the moving
rest burnishing tool applying ane ball or three balls.
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