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Abstract - This study was conducted to determine the effect of spindle speed on the wear rate of CNMG
120404 carbide cutting tools using a dry machining process without coolant. The specimens used were AlS|
1045 steel shafts, The cutting tool used was a CNMG 120404 carbide with conditions assumed to be the
same in each experiment. The machine used was a Gedee Weiler LZ-330 G lathe with fixed parameters of
0.2 mm/revolution feed and 0.4 mm cutting depth, as well as spindle speed variations of 450 rpom and 660
rpm. The cutting time was carried out in stages starting from 5, 10, 15, 20, to 25 seconds. In this study, the
parameters observed included tool wear and the surface roughness of the turning results on the AISI 1045
specimen. Tool wear was measured using visual macro documentation, while surface roughness was tested
with a surface roughness tester. The results showed that the lowest wear value occurred at 450 rpom with
a cutting time of 5 seconds, amounting to 0.012 mm, while the highest wear was achieved at 660 rpom with
a cutting time of 25 seconds, amounting to 0.036 mm. In terms of surface quality, the lowest roughness
value was obtained at 450 rpom with a cutting time of 5 seconds, amounting to 2.43 um, while the highest
roughness occurred at 660 rpom with a cutting time of 25 seconds, amounting to 4.56 um. This data shows
that the higher the speed and the longer the cutting time, the greater the tool wear and the lower the
surface quality due to friction and increased temperature in the cutting zone. Wear on carbide tools is more
influenced by friction between the tool and the workpiece and the duration of cutting. The speed factor is
not as dominant as the effects of friction and cutting duration.
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1 Introduction planing, drilling, milling, grinding, sawing, and boring.
In turning, lathes play a major role in shaping industrial

components. The success of this process is greatly
influenced by cutting parameters such as cutting speed,
feed rate, and cutting depth, as well as the condition of
the cutting tool and workpiece material. The metal
cutting process uses cutting tools as the main cutting
tools. During the process, friction between the cutting
tool and the workpiece generates heat that causes wear,
especially at the cutting edge of the tool. If not controlled,
this wear will directly affect dimensional accuracy, surface

Machining is one of the most important
manufacturing methods in modern industry. This process
is carried out by removing some of the material from the
workpiece to form components according to the required
technical specifications. The main advantage of
machining is its high level of accuracy and precision,
making it the preferred choice over other methods such
as casting or metal forming. Commonly used types of
machining processes include turning, shaping and
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roughness, and the quality of the final product [8].

Rochim [9], adds that factors such as the type of
cutting tool and workpiece material, cutting speed, use of
coolant, and type of machining process also affect cutting
tool wear. Chisels come in various shapes and types
according to their intended use, including flat chisels,
cutting chisels, threading chisels, and tapered chisels. The
performance of a chisel is greatly influenced by its
geometric shape, the material it is made of, and its
compatibility with the machine and the type of workpiece
material. According to Nasution and Bakhori [5], this
research also emphasizes the application of
environmentally friendly processes (green processes).
One of the approaches taken is to not use chemical-based
coolants, which are commonly used in conventional
machining.

This research is also in line with one of the pillars of the
Sustainable Development Goals (SDGs), namely building
resilient, sustainable, and inclusive infrastructure. By
improving turning efficiency through the selection of the
right carbide cutting tools and chemical-free machining
processes, this research directly contributes to
supporting the development of energy-efficient, low-
emission, and more environmentally friendly industrial
technologies. This efficiency not only impacts technical
and economic aspects but also supports the
transformation of industry toward a globally sustainable
production system.

The purpose of this study is to determine the effect of
spindle speed variation on carbide cutter wear by testing
cutter wear and workpiece surface roughness.

2. Literature Review

Machining is a process that uses machine tools to
produce products with geometric shapes by utilizing feed
motion, which is the relative movement between the
cutting tool and the workpiece. In this process, there are
naturally residues from the product manufacturing
process, which are commonly referred to as chips. Cutting
tools can be classified into single-point cutting tools and
double-point cutting tools. Cutting tools can perform
cutting movements and forward movements.
Cutting tool wear testing is an important process in
machining to understand how tools wear during
operation and how this affects production quality and
efficiency. Wear observation is usually performed with a
digital microscope to measure the length of wear on the
tool edge. To calculate Mass wear, the following equation
can be used:

AM = M1 — M2 (1)

where:

AM = Change in chisel mass (mm)

M1 = Initial chisel mass (before cutting) (mm)

M2 = Final chisel mass (after cutting) (mm)

To calculate the percentage of mass loss, the following

equation can be used:

Wear (%) = AM—”f x 100% 2)
where:
Wear (%) = Rate of wear (%)
AM = Change in chisel mass (mm)
M1 = Initial chisel mass (before cutting) (mm)

To calculate the difference in diameter of the
workpiece, the following equation can be used:

AD = D1 —-D2 (3)
where:

AD = Workpiece diameter difference (mm)
D1 = Workpiece diameter before cutting (mm)
D2 = Workpiece diameter after cutting (mm)

To calculate the volume of missing material, the
following equation can be used:

Viess = x 2222 x I, (4)
where:
Vloss = chisel life (minutes or seconds)
D1 = Workpiece diameter before cutting (mm)
D2 = Workpiece diameter after cutting (mm)
L = Feeding length (mm)

To calculate the sliding distance (total friction of the
cutting edge), the following equation can be used:
S=nXtxL (5)

where:

S =sliding distance (total tool wear) (mm)

N = spindle rotation (Rpm)

T =cutting time

L = Feeding length (mm)

To calculate the wear rate of the cutting edge,
the following equation can be used:

Vioss

Wear Rate = (6)
Where:
Wear Rate =tool (mm?)
Vloss = tool life (minutes or seconds)
S = sliding distance (total friction of the
tool) (mm)

Surface roughness reflects high-low variations in
materials and greatly affects functional properties such as
heat flow, friction, and The interconnection between
coarse surface geometry materials directly affects heat
transfer efficiency and friction coefficients. They explain
that the shape of asperities—especially at the micron
scale—can increase flow resistance and alter the thermal
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characteristics of contact between surfaces. In its
application, variables such as Ra (average arithmetic
roughness) is a key parameter due to its ease of
measurement and practical relevance in various
manufacturing industries.

Profil Geometris Ideal

Profil Referensi

Panjang Sampel 5 (mm)

Profil

Terukur Panjang Pengukuran L (mm)

Figure 1. Profile of a surface

Based on the image profiles above, several surface
parameters can be defined, namely those related to
dimensions in the perpendicular and longitudinal
directions.

For the vertical dimension, several parameters are
known, namely:

a. a. Total roughness (peak to valley height/total
height), Rt(um) is the distance between the
reference profile and the base profile.

b. Surface roughness  (depth of  surface
smoothness/peak to mean line), Rp (um) is the
average distance between the reference profile
and the measured profile.

c.  The arithmetic mean roughness (mean roughness
index/center line average, CLA), Ra (um) is the
arithmetic mean divided by the absolute value of
the distance between the measured profile and
the center profile.

d. The root mean square height, Rq (um), is the
square root of the average distance between the
measured profile and the center profile.

e. The average total roughness, Rz (um), is the
average distance from the base profile to the
measured profile at the five highest peaks minus
the average distance from the base profile to the
measured profile at the five lowest valleys.

The lathe machining process has the following average
roughness values using Formula 2.13.

Ra =3y (um) M
where :

Ra = Average surface roughness; (um)
Y  =Distance from Reference Profile to Measured
Profile

N =sample size

3. Research Methodology

Research Variables

In this study, several variables were observed, as follows:
Independent variable
In this study, the independent variables were
variations in spindle speed (n) of 450 rpm and 660 rpm
and cutting times of 5 seconds, 10 seconds, 15 seconds,
20 seconds, and 25 seconds.

Constant Variables

The fixed variables in this study were the steel used,
namely ASTM 1045 in the form of a cylindrical shaft, using
a CNMG 120404 type carbide cutting tool, and the feed
rate used on the Gedee Weiler LZ-330 G lathe, which was
0.2 mm/revolution, and a cutting depth of 0.4 mm.

Research Process

This study consists of several processes, namely:
Turning process, The steps for preparing the turning
process are as follows :
1. Prepare all necessary equipment and workpieces.
2. Measure the workpiece using calipers and clean the

workpiece.

3. Set the appropriate spindle speed for the
workpiece.

4.  Place the workpiece to be turned on the chuck.

5.  Find the surface point or zero point and then make
the cut.

6. Set the cutting angle of the tool on the tool post.

7.  Measure the thickness of the cut

8. Inspect the workpiece.

9. Inspecting the burrs produced during the turning

process.

Wear testing process
The process of testing carbide drill bit wear using a
digital microscope involves the following steps:

1.  Prepare materials and measuring instruments for
wear testing.

2.  Calibrate measuring instruments to ensure
measurement accuracy in accordance with
applicable standards.

3.  Observe tool wear using a digital microscope to
measure the length of wear on the tool flank.

4. Conduct testing at several points on the workpiece
surface to monitor wear comprehensively.

5. Evaluate the test results and determine whether
the cutter needs to be replaced or sharpened, with
a standard wear limit of 0.3 mm.

Research Procedure Flowchart

The series of steps in completing this research can be
seen in Figure 3, which is a research flowchart, as follows.
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Figure 2. Research Flow Chart

4. Results and Discussion

Surface roughness measurements obtained after
the cutting process. This data is important for
determining how smooth or rough the surface of the
workpiece is, which is influenced by various factors,
such as spindle speed and cutting duration. Higher
spindle speeds can increase cutting speed, while
longer cutting durations also affect the final surface
finish.

The surface roughness parameter used in this
study is the Ra (Roughness Average) value. The Ra
value was chosen because it is the most commonly
used parameter for assessing the quality of machined
surfaces. In addition, Ra is quite sensitive to changes
in process conditions, so it can represent the effects
of variations in parameters such as spindle speed and
cutting time. Based on the test results in Table 1, at a
spindle speed of 450 rpm, different average surface
roughness values were obtained for each cutting time.
The longer the cutting time, the more likely there will
be changes in the roughness value, indicating a direct
influence of the duration of contact between the
cutting tool and the workpiece surface.
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Table 1. Surface roughness test results at spindle
speeds of 450 rpm and 660 rpm.

Process Variables Surface Roughness
S’Sp’“dl"' Cutting Time Point1  Point2  Point3  Average (um)
(RPIM) (seconds) (um) () (um)
5 9.003 7.456 7.824 8.094
10 5142 5.992 6.581 5.905
450 15 5256 5235 5185 5225
20 1.932 3934 2.664 2.843
25 2536 2648 2.579 2588
5 2388 3298 3404 3.030
10 3.004 2610 2270 2628
660 15 2454 2424 2.026 2301
20 2127 1.962 2449 2179
25 3.594 3.709 4.358 3.887

Based on the test results in Table 1, at a spindle speed
of 450 Rpm, different average surface roughness values
were obtained for each cutting time. The longer the
cutting time, the more likely there will be a change in the
roughness value, indicating a direct influence of the
cutting tool contact duration on the workpiece surface.
This change in roughness value shows that a shorter
cutting time does not necessarily produce a smoother
surface, and conversely, a longer cutting time does not
always produce a rougher surface. This occurs due to
other factors such as vibration, heat, and chip
accumulation during the cutting process

10 9.003
— 7.824
2, 7.456
= 81
8 5.992
[«B]
2 5L 5235
= 5.256
> 2.536 A 2.664
E2 o 2.648 2,579
o 1.932

0

0 5 15 20

10
Tool Wear Value

Figure 3. Graph showing the relationship between a
spindle speed of 450 Rpm and cutting time.

Based on the test results at a spindle speed of 450 rpm,
it can be seen that the longer the cutting time, the
smoother the workpiece surface becomes. This study was
conducted without using coolant, but still showed quite
good results. At a cutting time of 5 seconds, the average
surface roughness value was recorded at its highest,
namely 8.094 um, which indicates that the surface was
still quite rough. When the cutting time was increased to
10 seconds, the roughness decreased to 5.905 um. This
decrease continued as the cutting time increased, where
at 15 seconds the roughness became 5.225 um, then
decreased significantly to 2.843 um at 20 seconds. The
best results occurred at 25 seconds with a surface
roughness of 2.588 um, indicating that the workpiece
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surface became the smoothest at this cutting duration.

Based on the test results at a spindle speed of 660
Rpm, different average surface roughness values were
obtained for each cutting time. The longer the cutting
time, the more likely there will be a change in the
roughness value, indicating a direct influence of the
cutting tool's contact duration on the workpiece surface.

This change in roughness values shows that a shorter
cutting time does not necessarily produce a smoother
surface, and conversely, a longer cutting time does not
always produce a rougher surface. This occurs due to
other factors such as vibration, heat, and the
accumulation of chips during the cutting process. from
the table values. 1 for a spindle speed of 660 Rpm can be
seen in the following graph:

(]

3.709

3.404

2449
2.270
2.026

Cutting speed (second)
b
or

] 3 10 15 20

Tool wear Value

Figure 4. Relationship between spindle rotation speed
of 660 rpm and cutting time

Figure shows the relationship between cutting time
and surface roughness at a spindle speed of 660 rpm.
Unlike at 450 rpm, which showed a consistent decrease in
roughness, the test results at 660 rpm showed that the
workpiece surface did not always become smoother
when the cutting time was increased. At a cutting time of
5 seconds, the average roughness value was 3.030 um.
This value decreased when the cutting time was
increased to 10 seconds, to 2.628 um, and decreased
again at 15 seconds to 2.301 um. Up to this point, the
cutting process showed increasingly smooth surface
results. Up to this point, the cutting process has produced
increasingly smooth surface results.

The lowest roughness value occurred at 20 seconds,
which was 2.179 um, indicating the best surface condition
of all cutting times at 660 rpm. However, when the cutting
time was increased to 25 seconds, the surface roughness
increased dramatically to 3.887 um. This increase
indicates that the surface became rougher again, possibly
due to higher temperatures, cutting tool wear, or chip
buildup (chatter) that began to interfere with the cutting

process when the time was too long.

Overall, it can be concluded that at 660 rpm, the best
surface results are achieved at cutting times between 15
and 20 seconds.

To determine the extent of wear on the cutting tool due
to variations in spindle speed and cutting time. Wear on
the cutting tool can affect cutting quality and machine
efficiency. Therefore, observation and recording of
cutting tool wear data is essential to ensure that the
production process runs optimally and the workpiece
remains within standards. Complete data on the results
of cutting tool wear measurements based on changes in
workpiece size and feed length can be seen in the
following table

Table 2. Tool Wear Test Data

| \Hlat(ljiﬁr = Mass (gr) Workpiece Size Feeding
Spindle . % massa massa D1 D2 Length
rotation (secound) 1(gr) 2(zr) (mm) (tnm) (mm)
5 12673 72672 20 19,5 83
450 1{3 12674 72673 20 19,5 14_
Rpm 15 72449 72447 20 193 205
20 72403 72402 20 19,5 77
25 72451 72449 20 19,5 335
5 72406 72403 20 19,5 15,5
660 1? 72453 72451 20 19 30,1
Rpm 15 72408 72406 20 19,6 3}0,3
20 72456 72453 20 19,5 506
25 72836 72408 20 19.6 60,5

The data in the table above shows that at 660 rpm, the
volume of material loss tends to increase with the
duration of the cutting process. However, the rate of wear
tends to decrease as the sliding length increases. This
means that even though more material is worn away, the
process occurs over a longer distance, resulting in less
wear per millimeter.

This also shows that wear does not only depend on the
weight of material lost, but also on other factors such as
the contact distance between surfaces, the stability of the
cutting process, and the possibility of increased
temperature due to not using coolant. A process without
coolant can cause the temperature to increase, but at
high speeds such as 660 rpm, the system is still capable of
producing relatively small wear if the process runs stably.

The graph shows how the wear rate of the cutting tool
changes over time, both at speeds of 450 rpm and 660
rpm.
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Figure 5.Wear rate graph of the cutting tool at a spindle
speed of 450 rpm

05 I
y=-1E-05x' + 0.0012x" - 0.031%¢" + 0.2%x - 0.5128

_ 045 ! s
E R*=1
E 04
TR
o 0.35 .
o 0,283 oty
w 03 0283 02
E L J )
£ o2
2
v o0z
£
5015
u “0.0753
R ‘P'i
Z 005
5
o
H 0
0 5 10 15 20 25 30

cutting time (second)

Figure 6.Wear rate graph of the cutting tool at a spindle
speed of 660 rpm

The contours of the two graphs showing the results of
450 rpm and 660 rpm above indicate that the turning
process without using coolant has a different effect on
wear at each speed. At low speed (450 rpm), the wear
rate is initially quite high but decreases gradually as
cutting time increases, whereas at high speed (660 rpm),
the wear rate is more stable and tends to be lower even
though the volume of material lost is greater. This shows
that at higher speeds, even though the process generates
more heat because it does not use coolant, the friction
can be more evenly distributed so that the wear per
millimeter of sliding becomes smaller. The advantages of
the coolant-free process are that it is more cost-effective,
does not produce liquid waste, and is more
environmentally friendly. However, the disadvantage is
the risk of increased temperature, which can accelerate
tool wear and reduce surface quality if the process is not
properly controlled. Therefore, in dry turning processes
such as this, it is very important to choose the right
combination of cutting time and rotational speed to
ensure optimal results. The results obtained in this study
show that the volume of material loss (Vloss) tended to
increase from 128.68 mm?3 to 519.37 mm?3, but the wear
rate decreased from 0.4135 mm? to 0.0820 mm? at 450
rpm, and from 0.2830 mm? to 0.04517 mm? at 660 rpm.

5. Conclusion

Based on the research that has been conducted, the
author can draw the following conclusions :

1. Spindle speed affects the surface roughness of AlSI
1045 steel turning results. At low speeds, the surface
results tend to be more stable, while at high speeds,
the initial surface is smoother but less consistent if the
cutting takes longer.

2. Wear on carbide tools is more influenced by friction
between the tool and the workpiece and the duration
of cutting. The speed factor is not as dominant as the
effects of friction and cutting duration.

3. The relationship between speed and surface
roughness and tool wear is not always consistent. The
speed selection needs to be adjusted to the process
requirements. If surface quality is a priority, then a
high speed can be selected, but if you want to extend
the tool life, then a lower speed is recommended.
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