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ABSTRACT

Machining vibration is a significant concern in the
manufacturing industry, as vibration cannot be eliminated
during metal to metal turning operations. It can be controlled
to the minimum when a proper study is carryout before the
turning process. This study aims to experimentally analyse the
effect of the individual parameters such as depth of cut (DOC)
and cutting speed have on the machining vibration during
turning of AL1060 alloy. A computer numerical control
(CNC) program was applied to investigate the effects of the
different depths of cut such as 1 mm, 1.5 mm, 2 mm, 2.5 mm,
and 3 mm. Moreover, cutting speed of 200 m/min, 350 m/min,
500 m/min, and 600 m/min with a constant feed rate of 5
mm/rev have on the machining vibration during the turning
process. DTO 32105 frequency analyser an MXC-1600 digital
frequency counter was employed to measure the machining
vibration for a specific time between 15 seconds to 500
seconds. The result shows that as the depth of cut continually
increases, the machining vibration increases and the minimum
machining vibration of 131.8 Hz was obtained at cutting speed
of 600 m/min, depth of cut of 1 mm, and cutting time of 15 sec.
The Pareto chart was further used to analysis the average
vibration frequency at the optimised cutting speed of 600
m/min. The surface quality and the cutting tool life can be
significantly enhanced with the study of the individual
machining parameters.

Key words: Machining, Vibration, Time of cut, Depth of cut,
Cutting speed, Aluminium alloy

1. INTRODUCTION

Machining is a process of removing unwanted chips from
the workpiece [1]. This process faces many challenges due to
the contact between metals to metals, which gives rise to
vibration. Vibration is significant in machining operation and
cannot be over emphases. The result of high vibration
amplitude leads to high surface roughness and a high rate of
damage to the cutting tool. Vibrations are induced in all
cutting operations due to the deformation of the workpiece [2].
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The machined component's dimensions and shape also
influence the tool vibration, which is interpreted as a result of
the machining parameters effects during turning operations.
The machining variables, which improve cutting performance,
are spindle speed, depth of cut, feed rate, and several others.
During the turning process, it is essential to understand the
relationship between machining parameters, cutting tool and
machining vibration behaviour, to produce an excellent
surface quality product, especially when applying the
computer numerical control machine (CNC) [3].

Machining vibration, also known as chatter vibration, is as
a result of the relative movement between the cutting tool,
workpiece material, and the machining parameters such as
spindle speed, depth of cut, length of cut, and feed rate [4-6].
The occurrence of vibration affects all machining methods,
namely, turning operation, milling process, and drilling
operation, grinding, and shaping process. Furthermore, it has
led to research on machining vibration. Izelu et al. [7] studied
feed rate, spindle speed, depth of cut effects on induced
vibration, and surface finishing of machining of 41Cr4 alloy
steel using composite factorial design of experiment (CFD).
The result shows that feed rate increases the surface finishing
and induces vibration, this result is in line with (Okonkwo et
al., [8]; Ogundimu et al., [9]; Okokpujie et al., [10]). The
significant causes of tool wear are high vibration during the
turning operations. Nwoke et al. [11] developed a model using
the Taguchi method for three factors and three levels during
turning of 4340 Alloy Steel. The Taguchi has nine (9)
experimental runs. The analysis of variance shows that the
feed rate is the most significant factor. Also, the model was
able to predict the experimental result with 99.5 %, and the
noise to signal ratio indicates that the increase of feed rate and
depth of cut increases the vibration frequency, but the increase
of cutting speed led to vibration reduction. The authors
recommended that more study should be done on vibration
analysis by studying individual parameters during machining
operations.

Prasad and Babu [22] work on the relationship of vibration
frequency and cutting tool wear, during dry machining of
AIS14140 steel. The study made use of the DNMA 432
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uncoated carbide tool. 3D finite element simulation was
employed to study the relationship of the vibration induce
turning operations. Doppler Vibrometer and Kistler 9272
dynamometer were used for the vibration and cutting force
measurement. Also, the study used the second-order
polynomial from response surface methodology (RSM) to
analyse the effects of the turning parameters on the tool wear.
The result shows that vibration has a significant impact on the
cutting tool during the turning operations, and the increase of
the induce vibration leads to a rise in the tool wear. The
authors concluded that the RSM and the finite element method
predicted the experimental result relatively.

Aluminium alloys are excellent corrosion-resistant
material, which is widely used in the aerodynamic industry,
auto-mobile, and foundry industry with exceptional strength to
weight ratio. The density of aluminium is one-third of steel,
and aluminium is mostly produced because of its full
applications in the automobile, aerospace, and construction
industry. Aluminium has excellent thermal, mechanical, and
electrical conductivity characteristics. They are ductile and
highly recommended for the production of internal
combustion engines [12][13].

There is, however, the need to resolve the problem caused
by vibration to enable manufacturers to have sustainable
production of mechanical components for industrial use
[14-20]. Therefore, this research work is focused on studying
the variation of cutting speed and depth of cut on vibration
frequency, when order parameters are kept constant. This
study will enable manufacturers to understand the impact of
the cutting speed, depth of cut, and time of cut during the
turning operation of AL 1060 alloy.

2. MATERIALS AND METHODS

The materials employed for this experimental work are
High-speed steel (HSS) cutting tool and AL1060 alloy round
bar size of length 375 mm, and a diameter of 40 mm. The
machining operations are orthogonal, and the workpiece
regularly rotates with the two ends clamped. The experiment
was performed on the WARCO GH-1440A CNC lathe
machine in the department of mechanical engineering
machining workshop, Covenant University. During each
experiment, the data acquisition system comprises of a sound
signal and vibration analyser was employed to measure the
vibration occurrence, and the result was analyser to study the
influence of the depth of cut, cutting speed, and time of cut
during the machining operation. Tables 1 and 2 show the
chemical composition, mechanical, thermal, and physical
properties of AL1060 alloy.

Table 1: Chemical Composition of AL1060 Alloy [21]

Table 2: Physical, Mechanical and Thermal Properties of AL1060

Alloy
Properties Units
Density 2700 Kg/m®
Melting Start (Solidus) 649 °C
Tensile Strength 130 MPa
Yield strength 94 MPa
Elastic modulus 80 GPa
Poisson's ratio 0.33

Thermal expansion
Thermal conductivity

23.6 (10-6/°C)
234 ImK)

2.1 Experimental Set-Up for the Turning Operation of
AL1060 Alloy

Table 3 presents the cutting parameters used for the
experimental analysis of the different depth of cut (DOC) and
cutting speed while the feed rate is kept constant. Figure 1,
shows the workpiece clamped at one end with the 3-jaw chuck
and the other end with the tailstock, the data acquisition
system is mounted between the HSS cutting tool and the
workpiece for effective monitoring of the machining vibration
for some time measurement within 15 seconds to 500 seconds.
The vibration measurement was taken within 5 seconds under
the dry machining conditions.

Table 3: The Cutting Parameter used for the Experimental Study

Cutting Speed Feed rate

(m/min) (mm/rev) Depth of Cut (mm)

200 5 1,15,2,25,and 3

350 5 1,15,2,25,and 3

500 5 1,15,2,25,and 3

1,15,2,25,and 3

Element Fe Si Cu \Y Zn Mg Mn Ti AL

Weight

% 04 025 005 005 01 0.03 0.03 0.03

Reminder

6784

HSS cutting tool

3-jaw chuck

AL 1060 work-
piece

Data acquisition
system

Pinned end

T A - Tail stock

At A

Figure 1: The Experimental Set-Up for the Turning of AL1060
Alloy.
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3. RESULTS AND DISCUSSION
The result of the various depth of cut of 1 mm, 1.5 mm, 2
mm, 2.5 mm, and 3 mm and cutting speed at 200 m/min and
350 n/min, effects on the machining vibration during turning
of AL 1060 alloy are shown in Figures 2 and 3. It can be seen
that as the depth of cut is increased, the machining vibration
increased, which is as a result of the friction between the
starting points of the cutting tool having its way through the
workpiece. This result is in line with [22-24]. From
observation, at a middle point, where depth of cut is 1 mm, the
machining vibration reduces from 197 to 167 Hz within the
time of cut of 210 to 260 seconds because there was free flow of
the cutting process without any discontinuity of the chips.
However, as the turning process continues, the chips were
falling back to the cutting zone, which results in a high
occurrence of vibration. In Figure 3, the machining vibration
reduces by almost 20 % due to the increase of cutting speed
from 200 to 350 m/min. However, because of the constant
increase in the depth of cut, machining vibration increases.
Figures 4 and 5 display the result of machining vibration
with the time of cut at various depth of cut with a constant
speed of 500 m/min and 600 m/min. Figure 4 shows that as the
cutting speed increases, the chips formations on the cutting
tool reduces, which lead to a reduction of the machining
vibration. The cutting speed of 600 m/min, achieved the lowest
machining vibration of 131.8 Hz. From the trend of the graphs
in Figures 4 and 5, the highest machining vibration was
recorded at 3 mm depth of cut. Furthermore, the machining
vibrations reduced in Figure 5, from 333 Hz to 325 Hz due to
the increase of the cutting speed from 500 m/min to 600
m/min. This result analysis is in line with [25-26]. The work of
Zhang et al. [27] provides that as the cutting speed increase,
the vibration frequency reduces, however, their study focus on
the tool vibration effects on the surface integrity of the
microstructural characteristics of the titanium alloy. However,
the authors did not study the effects of depth of cut on vibration

frequency, which this research has addressed. The depth of cut
is significant machining parameters that need to be critically
studied to avoid unwanted vibration during turning operations
of aluminium alloy.

From the machining analysis with the various depth of cut,
time of cut and cutting speed, the vibration frequency tend to
be at a minimum in the cutting speed of 600 m/min.
Furthermore, the authors carried out more optimisation to
study the trend using the average depth of cut of all the
experiment run under 1 mm, 1.5 mm, 2 mm, 2.5 mm, and 3
mm under the cutting speed of 600 m/min. Figure 6 shows the
Pareto chart used to analyse the effects of the time of cut on the
average vibration of the various depth of cut at a constant
cutting speed of 600 m/min. The Pareto chart shows the
variations of the vibration frequency as the time of cut
increases, with the legend of various colours. At the cutting
speed of 600 m/min., with a time of 15 seconds, the minimum
average vibration frequency occurs at 190 Hz. However, as the
time of cut increases to 360 seconds, the average vibration
frequency increases to 257 Hz. This increase in vibration is a
result of the weariness of the cutting tool over time. Also, it
could be as a result of the point of contact between the cutting
tool and the AL1060 alloy as patterned to rake angle defects.
This finding from this research contradict the result of Lu et al.
[16] the authors studied the shear-slip theory with frictional
modeling of interface based tool-chip assisted swing vibration
cutting process. The result shows that the cutting speed
increases the vibration during their machining process because
the authors did not consider the feed rate as a factor, and the
time of cut was not varied. However, the authors only studied
the interface of the tool-chips as they relate to temperature
reduction, tool wear, and surface roughness through the swing
vibration cutting process.
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Figure 2: Influence of Time of Cut and Depth of Cut on the Machining Vibration at Constant Machining Speed of 200 M/Min.
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Figure 3: Influence of Time of Cut and Depth of Cut on the Machining Vibration at Constant Machining Speed of 350 M/Min.
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Figure 4: Influence of Time of Cut and Depth of Cut on the Machining Vibration at Constant Machining Speed of 500 M/Min.
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Figure 5: Influence of Time of Cut and Depth of Cut on the Machining Vibration at Constant Machining Speed of 600 M/Min

Furthermore, the increase in the time of cut leads to an
increase in the vibration occurrence because of the more
extended the turning operation, the higher the heat generation
at the cutting region. Aluminium alloy during machining
operations did not need high heat generation in the cutting
zone. Because when the temperature at the cutting region
increases, it affects the microstructure of the chips, which
causes materials adhesion on the cutting tool, thereby lead to
high vibration frequency during the turning operation. These

findings are supported by the observation of Srinivasan et al.
[28]. The significant of this study as shown that the time of cut
increases also the energy consumption of the computer
numerical control (CNC) machine, and the optimisation of
the individual parameters will assist the time variation to
reduce the energy consumption [29]. Al-Tawalbeh, and Feilat
[30] shows that the power consumption in the economic
system is very significant in sustainable development of
manufacturing industry.
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Figure 6: Pareto chart of the time of cut vs. vibration frequency at a constant cutting speed of 600 m/min.
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4. CONCLUSION

The significance of the cutting speed and depth of cut
effects on machining vibration has been experimentally
studied, by employing various cutting speed and depth of cut
within a specific time of cut during the turning operations of
AL 1060 alloy. The experimental analysis shows that; the
depth of cut has a significant influence on the machining
vibration occurrence. As the depth of cut increases from 1 mm
to 3mm in all the analysis carried out, the machining vibration
increases, only at some point where the cutting speed also
increases significantly, it suppresses the depth of cut and
reduces the machining vibration. The minimum machining
vibration of 131.8 Hz occurs at the highest cutting speed of 600
m/min, with a depth of cut of 1 mm, at machining time of 15
seconds. The Pareto chart was also used to study the trend of
the time of cut on the average vibration frequency at the cutting
speed of 600 m/min. This is seen that the time of cut is a
significant factor in studying machining vibration.
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