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0 INTRODUCTION

Burnishing is a precise processing technique
that is used in the machining of functional surfaces.
The burnishing technique has been used for a long
time because it can improve mechanical properties,
surface quality and is very efficient in serial
production. Burnishing increases the surface quality
as well as the mechanical strength. For these reasons,
the burnishing process is preferable to grinding for
most applications [1].

When the burnishing process is used as a
final treatment, there are a number of advantages,
such as a hardness increase, higher fatigue strength
and greater wear resistance. When burnishing is
carried out with a great deal of force, the resistance
to material defects also increases. Fatigue cracks in
materials are propagated from regions of dislocation
accumulation and defect points on the surfaces. For
this reason, surface characteristics are very
important from the crack-propagation point of view.
These surface defects or surface cracks can be
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removed by burnishing. Since the burnishing
reduces the surface roughness, it also reduces the
possibility of crack formation [2].

The surfaces of machine parts that are
manufactured with a lathe or a milling machine can
be machined up to a certain quality. If a better surface
quality is required, they need to be ground or
burnished. A number of burnishing studies involving
a lathe were carried out and reported in the literature
�@�A
��0
@�A�. However, the burnishing of prismatic
parts has not been reported.

Burnishing can change the surface
characteristics. The process is known to improve
the surface roughness �@-A
��
@(A�, and increase the
surface hardness and wear resistance �@�A
��
@  A�.
Burnishing can also increase the fatigue resistance
�@ �A
 ��
 @ -A�. It has also been reported that the
burnishing parameters strongly affect the surface
roughness and the hardness [15].

In this paper, Al 7075 T6 was burnished while
varying the  processing parameters – such as the
number of revolutions, the feed rate and the number
of passes – and characterized in terms of the surface
roughness and hardness. The effect of the number
of revolutions, the feed rate and the number of passes
on the surface roughness and the hardness was
determined.

1 DESIGN AND MANUFACTURE OF THE
BURNISHING EQUIPMENT

The burnishing equipment was designed so
that it can be used with prismatic parts (Figure 1).
At the start of the design process it was decided to
use the equipment not only in a vertical-processing
centered milling unit but also so that it would be
able to burnish prismatic parts. In order to burnish
prismatic parts, a ball was placed at the end of the
equipment.

For the design of the burnishing equipment,
a literature review was made to check the principles
of similar designs. An exploded view and installation
drawing of the designed and manufactured
burnishing equipment is shown in Figure 1.

When burnishing is applied under excessive
force, the resistance to material defects definitely
increases. The increases in the surface hardness, the
wear resistance, and the reduction in the surface
roughness and crack-propagation centers all depend
on burnishing parameters, such as the number of
passes, the number of revolutions, the applied force.
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The burnishing process was carried out, considering
all these parameters.

Materials selection for the burnishing
equipment was made after considering the positions
of each part in the installed equipment. C3425 was
used for the strength-critical parts and SAE1050 was
used for the other parts. The strength-critical parts
were hardened by heat treatments prior to
installation. The mean hardness of the strengthened
parts was measured to be between 55 and 65 HRc.

Since the burnishing is carried out by the ball
placed at the end of the equipment, a ball bearing
was manufactured with very precise surface values.
At the design stage, the main body of the equipment
was planned carefully by considering the linear
movement of the equipment’s bar and so that the
whole system worked perfectly.

The burnishing force is proportional to the
strength of the pressure spring. As a result, this force
can be changed by changing the burnishing spring.
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Since springs with different strengths were used, this
fact was taken into account when designing the
machine. Because of the eccentric movement of the
equipment bar, the machine was designed to allow
for the vibration. The pressure spring was used to
remove the defects caused by this vibration.

2 EXPERIMENTAL METHODS AND
CONDITIONS

The burnishing process was carried out
using the parameters given in Table 1. A photograph
of the burnishing process is shown in Figure 2.

The burnishing was carried out using the
parameters given in Table 1. The effect of the number

�51���
 ��5��*���
 ��0��
��!
 
1�
 ��
 0��
���

�+��������
 +��
 �=��	������
 ��+����)
 ?���0�

�5
��0����
 ��=����
 +������
 +�����
 
1�
 ��+����

�=��	�����
 ��	�!
 0�
 �50�9�
 ��=������)
 %�
 =�

�0+������
��+�	�!
	�
���
+��5��*���
��=������!

1�

�+���=���
 ���*��
�51��)

�
<C�D?&$J:G��
G:BDG;8
DG
<;4;��8

%�F;8:G�:

<������
 +�
��+�	
 
1�
 �5��0��
 �=

�+���������
+���1�����!
	�

�
+�0���
�
+�����0����

 )
���	�
�
+��	�5���
�����������
+��������)

<��������
 
1�
 �5��0��
 �=
 �+���������

+���1�����
�5
+�����0����
 )
<��
��1

1�
�����������

<�����0����
 

Table 1
���������
�

+�,����$������������-+��")"��� .	�&)/��)���	��������������0����������%�
����������1������%�$������������	"&)µ��
+�,���,������2�-+��")"��� .�&)/��)�������%�����������3��1��������
%,�4������,�1��%%��4���"&)5��
�
��������%�%�������,����$������������+��")"��-6.�7� 8�
�1���1������������%�������4��1��+��")"����,���,������2�-6.�7� 8�

��� ��� ��� �	� ��� 
�� ��� 
	�
������

������
���

�	�)� �	�)� �	�)� )	�)� )	�)� )	�)� )	�&� )	�)�

�	))�  	�)� �	()�
��
%�
��9�

��
%�
��9�

��
%�
��9�

)	�&�
��
%�
��9�

)	���
��,���
0�������

�

��1��%
����%���%�����,����$������������+��")"��7� 8�
���1����������������%��4�+�")"����,���,������2�7� 8�

��������������	�

������


��������

���������������

����������������

 	�������������

������

!������"	#����

����	�	�$�

�%��

���	&�����������

���������������

������

�"�� �)�� ��� �����
:�������
���������
;,���%1����
�<,�������

=�������$��������������>��������?+*�)�)���������
��������%�
�
���%�$��
���������)	��@µ����
�1���<,��������%����,4���,����4����>����	�?+*�)�)�����3��1���0�����1���
1�%���)���@µ��%,�4����<,����2���

:�������
����������
;,���%1����
���������%�

A����%���������$��7��B���8	�������������$�$���7���B���8	������������1�����
��������7�8	��������%����7
=8	��������
��������7��8�
C���������7��B���8	��,�0����4������,����%�7���B���8	��,�0����4���%%�%�7�8	�
���%%,���4�����7
�8	�0�������������7��8�
�
?���B�C�����7
=8� )	�D)	�D)	�D)	����
A����%�B�:�����%%�7��B���8� )	)�D)	�D)	�D)	��
E�����������$�$��B�=,�0����4������,�����7���B���8� �))D�))D�))D�))�
E����������1����B�=,�0����4���%%�%� �D�D�D���

:�������������
;,���%1����
0���1�

C��������F���������
%����)���))�%���
��������0�����������%����������
��
%����)���))�>=>���������0���1�3��1���������������1�������������

�

Basak.pmd 28. 01. 08, 13:33888



889

��������	�
��
���	
�
�������
��
����������
�����������
�������� �!
""��"#�

��������	
���	��
������������	��	������������������	��	����	���������������	����	���������	�

of passes, the number of revolutions, and the feed rate
on the surface roughness and hardness were investigated.
The results are tabulated in Table 2 to 4. The results
were also presented graphically in Figure 3 to 8.

2.1 Effect of the applied force and the feed rate
on the surface roughness

Four different applied forces and four
different feed rates were used in different
permutations to check the effect of these parameters
on the surface roughness. One hundred rev/min and
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Table 2. Variation of the surface-roughness and surface-hardness values for different feed rates and applied
forces for a constant number of revolutions per minute (100) and number of passes (2)
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two passes were used as the other experimental
parameters. The resulting surface-roughness and
surface-hardness values are given in Table 2 and
Figures 3 and 4.

When graphs a and b in Figure 3 are
examined, it is clear that increasing the applied force
reduces the surface roughness up to a certain value.
More than 0.3 kN increases the surface roughness.
The smoothest surface was obtained when 0.2 kN
and 0.3 mm/rev were used as the applied force and
the feed rate. The second smoothest surface was
obtained when 0.2 kN and 0.2 mm/rev were used as
the applied force and the feed rate. For this study,
0.2 or 0.3 mm/rev as the feed rate and 0.2 kN as the
applied force gave the best surface-roughness
values.
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Fig. 3. The effect of feed rate and applied force on the surface roughness (100 rev/min and 2 passes)
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When the effects of the applied force and the
feed rate on the surface hardness were examined
(Figure 4), we found that increasing the feed rate
reduces the surface hardness, while increasing the
applied force increases the surface hardness.  The
best surface hardness value was obtained with a 0.05
mm/sec feed rate and the maximum applied force.

2.2 The effect of the number of revolutions and the
applied force on the surface roughness and hardness

Four different numbers of revolutions and four
different applied forces were used in different
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Fig. 4. The effect of feed rate and applied force on the surface hardness (100 rev/min and 2 passes)
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Table 3. The variation in the surface hardness and roughness with different numbers of revolutions and
applied force (feed rate 0.1 mm/rev and number of passes 2)
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permutations to check the effect of these parameters on
the surface roughness. A 0.1 mm/rev feed rate and two
passes were used as the other experimental parameters.
The obtained surface-roughness and surface-hardness
values are shown in Table 3 and Figures 5 and 6.

When the number of revolutions and the
applied force are examined together (Figure 5 a and
b), increasing the number of revolutions with 0.1
and 0.2 kN of applied force increases the smoothness
of the surface; however, when more than 0.3 kN is
applied, the burnished surface deteriorates after 200
rev/min. The smoothest surface was obtained with
0.2 kN of applied force at 400 rev/min.
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Fig. 5. The effect of the number of revolutions and applied force on the surface roughness
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Fig. 6. The effect of the number of revolutions and the applied force on the surface hardness
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When the relationship between the number
of revolutions and the surface hardness is examined
by taking into account the different applied forces,
the surface hardness increases with an increasing
number of revolutions and larger applied forces. At
this stage, the smoothest surface was obtained with
400 rev/min and 0.4 kN of applied force.

2.3 Effect of number of passes and applied force
on the surface roughness and surface hardness

Four different numbers of passes and four
different applied forces were used with different
permutations to check the effect of these parameters
on the surface roughness and the surface hardness.
A 0.1 mm/sec feed rate and 300 rev/min were used
as the other experimental parameters. The obtained
surface-roughness and surface-hardness values are
seen in Table 4 and Figures 7 and 8.

It is possible to see the effect of the number
of passes and the applied force on the surface
roughness from Figure 7. Increasing the number of
passes, especially to more than 4, reduced the surface
smoothness. The most suitable number of passes was
found to be 3. The force that should be applied for
the best result is 0.3 kN.

The graphs a and b in Figure 8 show that
increasing the applied force increases the surface
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Table 4. Variation of the surface-roughness and surface-hardness values for different forces and number of
passes (300 rev/min and feed rate 0.1 mm/sec)
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Fig. 7. Effect of the number of passes and the applied force on the surface roughness

a

H
ra

pa
vo

st
 p

ov
rš

in
e/

S
ur

fa
ce

 R
ou

gh
ne

ss
 [

µm
m

]

Število prehodov/Number of passes

b

H
ra

pa
vo

st
 p

ov
rš

in
e/

S
ur

fa
ce

 R
ou

gh
ne

ss
 [

µm
m

]

��������	
����
������	�����	����

�

��

��

��

��

��

��

��


 � � �

��������
�������

�
�

�

�
�
�
��

�
��

�
�
�
�
��

�
��

�
�
��




	���



���


����


����


a

H
ra

pa
vo

st
 p

ov
rš

in
e/

S
ur

fa
ce

 R
ou

gh
ne

ss
 (

B
ri

n
e

ll)

Število prehodov/Number of passes

kN

kN

kN

kN

kN

kN

kN

kN

0,1                            0,2                              0,3                             0,4

�

�

�

�

�������	��������

��� ��	��	��

�


Basak.pmd 28. 01. 08, 13:34895



896

��������	�
��
���	
�
�������
��
����������
�����������
�������� �!
""��"#�

��/���0$

<�������
��
�1���
�����*��
��0���
+��
+����
+����0��

��
0�����*�

���
�!-
	G)

�
�&F�<

G�
 +�0����
 ��5�
	���
 ���	�
 ����0�1�

��
��0���

	��+�K

� ;*����
 ��!
0�


+���*������1
0�����*�

���
0�

0���*���
 ���0��
��
 51�������1�
 ���+���
�

+�������)
&�
+�

���
+��
�9�
�!�
	G!

�
���+���
�

+���*�)
G��=���
���0	�
+�������

1�
0�=���!
	�

��
0�����*�

���
5������
�!�
	G!
�����
�
0��������

��+����
+�
��
=���
�!�
11I
)
F��	�
��0�
��*�1�!

0�
 

 +���*����1
 �����
��
 51�����1�
 ��0���

+�������)
�
+���*����1
0�����*�

���
+���*�1�

��0���
+�������)

� �
+���*����1
�������
���������
+��

���
�! 
���
�!�

	G
+���*�1�
���0	�
�
+�������>
	�
+�
0�����*�


���
+��
�9�
�!�
	G
��
�������
���������
+��
�9�

���
 ���I1��!
 
�
 	�	���
�
 +�������
 +�������

51�����)
G��=���
���0	�
+�������

1�
+��0�=���!

	�
��
=���
0�����*�

���
�!�
	G
��
�������
���������

-��
���I1��)
�
+���*����1
�������
���������
 ��

0�����*�

���
+���*�1�
��0���
+�������)

� ;=
+���*����
�������
+����0��
+������
��+����!

+�
�=��
	�
�1�1�
��*

	�
�����
+����0�!

�
���0	�
�

+�������
51�����)
8
����
��5�
	���

�
��
�5	�5���!

0�

�
���=���
+��1����
�����
+����0�!
���=���
+��1����

0�����*�
 
���
+�
 ��
�!�
	G)
����!
	�
 ��
1���1�

�+���=���
5�
0�
������
���=������
��5�������!
��
�!�

	G)
�
+���*����1
�������
+����0��
��
0�����*�

���

+���*�1�
��0���
+�������)

��)
")�8!�	���#�����������������	�����
�!�������	�������������#�	�

Fig. 8. Effect of the number of passes and the applied force on the surface hardness
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hardness. The hardest surface was obtained with 5
passes and an applied force of 0.4 kN.

3 CONCLUSION

The following conclusions can be drawn
from this study:
- It is clear that increasing the applied force

reduces the surface roughness up to a certain
value. More than 0.3 kN increases the surface
roughness. The smoothest surface was obtained
when 0.2 kN and 0.3 mm/sec were used as the
applied force and the feed rate, respectively. It
can also be said that increasing the feed rate
reduces the surface hardness. Increasing the
applied force increases the surface hardness.

- Increasing the number of revolutions with 0.1 and
0.2 kN of force increases the smoothness of the
surface; however, when the force applied is more
than 0.3 kN, the burnished surface deteriorates
above 200 rev/min. The smoothest surface was
obtained with 0.2 kN of force and 400 rev/min.
Increasing the number of revolutions and the
applied force increases the surface hardness.

- Increasing the number of passes, especially to
more than 4, reduced the surface smoothness.
The most suitable number of passes and applied
force were determined to be 3 and 0.3 kN,
respectively, for this study. The force that should
be applied for the best result is 0.3 kN. Increasing
the number of passes and the applied force
increases the surface hardness.
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