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Abstract

Thisstudy istofind a correlation between surface roughness and cutting tool vibration
in turning. The ranges of process cutting parametersin the present study are limited:
cutting speed (34, 70, 130 m/min), depth of cut (0.1, 0.2mm), feed rate (0.07, 0.13,
0.17mm/rev) and tool over hanging (25, 30, 35, 40mm). The data are generated by lathe
dry turning of medium carbon steel samples at different levels of the mentioned above
parameters. Dry cutting tests (without using cutting fluid) are conducted to smulate a
good turning, the dry turning provided a clean environment to obtain undisturbed
clear cutting vibration, which results in more accurate and clear correlation between
cutting vibrations and roughness. The analysis of variance reveale in this study is that
the best surface roughness condition is achieved at a low (feed rate less and equal
0.13mm/rev), and with smaller tool overhang less and equal 30mm). The results also
show that the cutting speed has small effect on surface roughness than feed rate and
tool overhang. The depth of cut has not a significant effect on surface roughnessin this
study.

Above results can be obtained when there is no built up edge and no damage
of the tool tip. Finally experimental results have shown good correlation between the
cutting tool vibration and surface roughness which can be used to contral the finish
surface of the wor kpieces during the mass production.

Keywords: Dry turning operation: Surface roughness. Toal vibration.
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1. Introduction:

In the turning operation, vibration is a
frequent problem, which affects the
result of the machining, and, in
particular, the surface finish. Tool lifeis
also influenced by vibration. Severe
acoustic noise in the working
environment frequently occurs as a
result of dynamic motion between the
cutting tool and the work piece. In all
cutting operations like turning, boring
and milling, vibrations are induced due
to the deformation of the work-piece.
This implies several disadvantages,
economical as well as environmental
[1].

Today the standard procedure to
avoid vibration during machining is by
careful  planning of the cutting
parameters. The methods are usually
based on experience and trial and error
to obtain suitable cutting data for each
cutting operation involved in machining
a product. Machining vibration exists
throughout the cutting process. While
influenced by many sources, such as
machine structure, tool type, work
material, etc., the composition of the
machining vibration is complicated.
However, at least two types of
vibrations, forced vibration and self-
excited vibration, were identified as
machining vibrations. Forced vibration
is a result of certain periodical forces
that exist within the machine. The
source of these forces can be bad gear
drives, unbalanced machine-tool
components, misalignment, or motors
and pumps, etc. Self-excited vibration,
which is also known as chatter, is
caused by the interaction of the chip
removal process and the structure of the
machine tool, which results in
disturbances in the cutting zone. Chatter
aways indicates defects on the
machined surface; vibration especialy
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self-excited vibration is associated with
the machined surface roughness [2].

A large number of theoretical and
experimental  studies on  surface
roughness of machined products have
been reviewed where cutting conditions
(such as cutting speed, feed rate, depth
of cut, tool geometry, and the material
properties of both the tool and work
piece) significantly influence surface
finish of the machined parts [3, 4, 5, 6,
7, 8, 9, 10, 11]. The surface roughness
can be affected by built up edge
formation. The analysis of tool vibration
on surface roughness is aso
investigated by some authors the
purpose of these paper is to investigate
the effects of tool vibration on the
resulting surface roughness in the dry
turning operation of carbon stedl[5,6,7].
From the above literature reviews it is
observed that many factors affect
performance of the turning process and
affecting surface quality. There are
some differences concerning the
influence of few factors on the surface
finish. This may be due to different
ranges of process parameter as well as
different tool job machine combination.
In machining operation, the quality of
surface  finish is an important
requirement for many turned work
pieces. Thus, the choice of optimized
cutting parameters becomes very
important to control the required surface
quality.[ 12]

The am of this research is to
investigate the effects of cutting tool
vibration on the resulting surface
roughness in the dry turning operation
of medium carbon steel. To achieve
such objective, the research should have
completed a fractional experimental
design that alows considering a
different level interactions between the
cutting parameters (cutting speed, feed
rate, depth of cut and tool length) on the
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two measured dependant variables
(surface roughness and cutting tool
vibration).
2. Experimental Procedure

The work planned and carried out in
such a way to provide detailed
information on the effect of cutting tool
vibration on surface finish in turning
operations. The materials and
equipment were used in  the
experimental  procedure  of  this
investigation are; the workpiece
material type used is cold drawn-
medium carbon steel bars shape, the
dimensions are 40x3000mm with the
following specifications, (s  yied
(min) = 305 MPa, s ultimate = 618
MPa, hardness = 168 HB30, and
0.35%C); Turning Machine, high-speed
stedd (HSS-718, F10 type), cutting tool
used the dimension (8x8x12.5mm) type
(HSS-718) with the following angles.
back and side rake angle is 10°, 12°
respectively, side relief angle is 5° and
side cutting edge angle is 15° these
angles chosen depend on the standard
angles, [13].

3. Cutting Parameter and Workpiece
Dimensions.
A factorial design was chosen, so that

different interactions between
independent  variables could be
effectively investigated. The

independent variables in the study are
cutting speed, feed rate, depth of cut and
the tool length. The last variable is
introduced in to the experiment since
we suspect that the vibrations generated
by varying the tool length could affect
the resulting surface finish since the
natural frequencies are modified. The
dependent variable is the resulting first
cut surface finish and the acceleration in
both radial and feed directions. The
levels of the independent variables are
shown in Table (1)
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These levels were selected in order to
cover the normal range of lathe cutting
operations for plain carbon sted. In
order to minimize the effect of tool
wear, which could affect the surface
roughness quality, the tool was changed
after 4 cuts. The newly tool installed
was run for a few machining times to
eliminate rapid tool wear. 4 cuts, 50mm
, were made on each rod sample as
shown in Fig. (1) to perform a total of
72 cuts. The specimens were made of
same free cutting steel.

4. Vibration and
M easur ement Device Setup:

A Hottinger SM60 (10) type
measurement devise, was used for
measuring the amplitude and velocity of
a point on the cutting tool. The tool
vibration level was measured using a
vertical data of a transducer mounted
near to the tip and connected to the
devicess. The data include a
displacement (x) and velocity (v) of the
indicated point on the tool for each
sample. The acceleration was calculated
by using general equation between the
amplitude and acceleration.

Sur face

A Tyler Hobson (10) type instrument
was used for the measurement of
surface roughness. Three different
positions for each sample at 120° with
each other and the average of the three
reading are considered as surface
texture of the turned surface.

5. Results and Discussion

The results in this investigation are
classified into two categories:
1-The vibration parameters data,
velocity and displacement (X,X") in
vertical direction.
2-The surface roughness data which
were obtained from the surface profile
meter device.

There are nine groups  of
experimental testing and results, each
group contains eight tests at different
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tool overhang and depth of cut. Table
(2) shows the cutting conditions which
were chosen and the tests were curried
out according to these cutting
conditions. Each condition repeated
with depth of cut (0.1 and 0.2 mm) and
for cutting tool overhang (25, 30, 35,
and 40 mm).

Frequencies that were obtained

practically have been plotted by Matlab
computer software.
Fig.(2) shows the frequencies response
the time for different overhang. Fig.(3)
shows the samples of surface texture at
different tests.

The relationship between overhang
tools with cutting tool acceleration and
the surface roughness of work piece for
cutting condition (A, B, C, D, E, F, G,
H, and I) is plotted in Figs. (4-a, 4-b, 4-
¢, 4-d, 4-e 4-f, 4-g, 4-h, and 4-i)
respectively, as wel as the figures
contain for different tool overhang (25,
30, 35, & 40mm) for vertical direction
of acceleration, with depth of cut
(0.2mm, 0.2mm as indicated below.

The actual amplitude of the relative
vibrations between tool and workpiece
can be measured using a displacement
sensor. Figs. (4-a, 4-b, 4-c, 4-d, 4-e, 4,
4-g, 4-h, and 4-i) has been constructed
to illustrate the main effect of cutting
tool vibration on surface roughness of
work piece. Fig. (4-a) shows the relation
between cutting tool vibration and
surface roughness of work piece. It is
clear that the acceleration of cutting tool
has significant effect on the surface
roughness of work piece. It was
observed that increasing the
acceleration of cutting tool through
increasing the tool overhang will cause
the increase in surface roughness of
work piece.

Fig. (4-b) shows that the surface
roughness of workpiece is proportional
directly to the cutting tool acceleration,
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but the values of surface roughness are
higher if compared with previous case
because the feed rate in these cases is
higher. Fig. (4-c) indicate the same
effect but in this case the change in
surface roughness is more, because the
feed rate (0.17mm/rev)with cutting tool
overhang interactes together and both
factors lead to increasing the surface
roughness.

With increasing the cutting speed
70m/min and feed rate 0.13mm/rev as
indicated in Fig. (4-d, 4-e and 4-f) the
cutting tool acceleration and cutting
speed on surface roughness of work
piece are acting together but they
change proportionally indirectly with
each other. Fig. (4-d) indicates small
change in surface roughness of work
piece with change of acceleration. Figs.
(4-e) indicates that the relationship
between cutting tool acceleration and
surface roughness of workpiece is
clearer because of increasing the feed
rate. Fig. (4-f) shows the significant
relationship  between  cutting  tool
vibration and surface roughness of work
piece at higher feed rate (0.17mm/rev),
at high cutting speed 127m/min as
indicated in Figs. (4-g, 4-h, and 4-i) the
effect of cutting tool overhang on sum
roughness disappear. Clearly in these
cases the cutting speed has significant
effect on surface roughness and it is
more effective than the cutting tool
overhang effect at any feed rate.

Then from experimental results the
vibrations increase and then decrease
with increasing in the cutting speed. The
factors which lead to increasing the
vibrations are such as cutting speed,
feed rate and depth of cut, the effects of
the feed rate on vibrations is fewer than
that of the cutting speed and the depth
of cut. The more the tools overhang
from the tool holder, the smaller the
cross sectional dimensions of the cutting
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tool and the lower the rigidity of the
machine operation system, the greater
the vibration results.

This subject has been explained by; J.
Lipski, et al.,"The problem of stability
in the machining processes is an
important task. It is strictly connected
with the final quality of a product. In
this paper we consider vibrations of a
tool-workpiece system in a straight
turning process induced by random
disturbances, and their effect on a
product surface. Using on
experimentally, obtained system
parameters we have done the
simulations; using one degree of
freedom model" [16]. This subject also
was discussed by; Luke Huang, et al.,
"Other technologies, such as optical,
acoustic, electromagnetic, force, and
vibration. However, the optical,
acoustic, and electromagnetic
technologies are not practical in the
machining environment because chips
and coolant Therefore, vibration,
especially self-excited vibration, is
associated with the machined surface
roughness. Attempts have been made to
use vibration signals in predicting tool
wear and tool life in turning operations
and other machining operations' [2].

6- Conclusions

This paper has a detailed description
of the effect of cutting tool vibration on
surface roughness of workpiece. The
surface roughness of machined parts is
predicted by using the vibration data.
The discussion of the results in this
investigation can be concluded wuth the
following points.
1-Cutting tool acceleration has a
significant effect on surface roughness
of workpiece. The surface roughness of
work piece is proportional to cutting
tool acceleration. This effect interacts
with other independent variables such as
feed rate cutting speed and depth of cut.
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2-The acceleration of the cutting tool
increases with the increasing of the
cutting tool overhang for different
cutting conditions. Thus the vibration of
cutting tool depends strongly on cutting
tool overhang.

3-With the increasing feed rate the
surface roughness of work piece will
increase. The feed rate can be
considered as a main cutting factor in
the machining operation.

4-Increasing cutting speed leads to a
decrease in surface roughness of
workpiece.

5-Depth of cut has small effect on
surface roughness of work piece in this
study.

6-Parallel to the tool vibration the
surface roughness of work piece
increases with increasing the cutting
tool overhang.

7-The effect of cutting tool vibration in
feed direction could be neglect, if
compared with that in vertical direction.
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Table (1) Thelevels of the independent variables for the procedure

] . Leve
Variables Symbol Units 1 > 3 7
Cutting speed N Rpm 270 560 | 1030
Feed rate f mm/rev | 0.07 | 0.13 | 0.17
Depth of cut dp mm 0.1 0.2
Tool length I mm 25 30 35 40
Approach angle 0 o 75
Work piece length L mm 300
Work piece diameter D mm 40

Table(2) The cutting conditions and the groups of experimental testing.

- Speed Feed rate Depth Tool overhang Approch Work Wc_)rk piece
condition (mVmin) of cut (mm) angle piece diameter
(mm/rev) (mm) (degree”) length (mm)
A 34 0.07 0.1,0.2 | 25,30,35,40 75 300 38
B 34 0.13 0.1,0.2 | 25,30,35,40 75 300 38
C 34 0.17 0.1,0.2 | 25,30,35,40 75 300 38
D 70 0.07 0.1,0.2 | 25,30,35,40 75 300 38
E 70 0.13 0.1,0.2 | 25,30,35,40 75 300 38
F 70 0.17 0.1,0.2 | 25,30,35,40 75 300 38
G 130 0.07 0.1,0.2 | 25,30,35,40 75 300 38
H 130 0.13 0.1,0.2 | 25,30,35,40 75 300 38
| 130 0.17 0.1,0.2 | 25,30,35,40 75 300 38
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