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Abstract. In manufacturing industries specifically in metal machining, the use of the cutting
tool is important to consider. The use of the cutting tool has not been used optimally, as well
as cutting parameters. In the cutting process, the wear of the cutting tool and cutting force has a
very close relationship. This research was carried out to analyze the wear of coated carbide
cutting tool and cutting forces produced in turning AISI 4140 steel workpieces. This study was
conducted with a variation of five cutting speed levels consisting of 180 m/min, 220 m/min, 260
m/min, 300 m/min, 340 m/min and depth of cut 0.7 mm. To observe the tool wear, every 5
minutes with a maximum limit value of VB of 0.3 mm and for the cutting force values taken
every | minute. From the results of the study obtained: The increase in the value of the cutting
force is affected by the increase in wear that occurs in the cutting tool due to a change in tool
geometry due to wear on the cutting tool. The highest feeding force value is at the cutting speed
(Vc) 340 m / min at 368 N and the greatest cutting force value is at the cutting speed (Vc) 340
m/ minat 371 N.

1. Introduction

When cutting metals, it is very important to consider cutting tools in their use to form raw
material into a product. Several cutting parameters can affect the results of machining.
Variations of these cutting parameters can affect the level of wear of the cutting tool and
cutting force. The greater the value of the cutting tool wear is directly proportional to the
surface roughness of the workpiece the higher the value. This is because, at the time of
cutting, the cutting edge of the cutting tool is no longer cutting work objects, but rather
because of cutting caused by friction from the worn cutting tool. [1].Increased cutting
speed increases the shear angle, causing the shear section to shrink. Reducing the shear

plane

results in a decrease in the cutting force, in the phenomenon of a decrease in the

cutting force it causes deformation that occurs smaller, thus increasing the surface
roughness of the workpiece. [2] This increase in roughness is undesirable because surface
conditions do not match what is desired.Cutting tools have an important role in the
machining process. Discrepancies in the use of the slightest cutting tool can influence
the results of the machining process. The choice of the cutting tool, the exact cutting
parameters are necessary to consider because it can affect the level of wear that occurs in
the cutting tool and the surface roughness of the workpiece produced can be controlled.
The wear and tear that occurs in the contact area of the cutting tool and the workpiece

when

cutting metal in long machining and high cutting speed causes friction and friction

which causes heat, and certainly causes wear and tear on the cutting tool, therefore it
certainly affects the cutting force. The main cause of wear and tear on cutting tools is high
cutting temperatures as a result of friction of the workpiece and cutting tool, which affects
the tool life and surface roughness of the workpiece, which in turn will affect the quality of
the product. Cutting tool wear is a gradual loss of the cutting tool surface brought about by
mechanical action. This if not immediately addressed will cause the machining process of a
component to be imperfect, in this case, it will cause a high value of surface roughness.
Generally, tool wear is characterized by a loss of the ideal tool geometry influencing the
process conditions. Changed process conditions have an impact on the achievable
component surfaces using the macroscopically visible roughness as well as microscopic
defects of the surface layer.
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[3]. From research conducted by Sampsa (2018) states that Tool edge geometry has the
most significant effect on the feed force, Initial flank wear contributes 20-50% to the feed
force even without friction. [4]. The increased cutting force will certainly affect the
ability to cut tools in cutting, which in turn will cause a shorter tool life, tool life
determination can be done by using Taylor's tool life equation. Taylor's Equation for
Tool Life Expectancy, formulated by F. W. Taylor 1906 [1], provides a good
approximation of tool life for varying cutting speed VC. The Taylor equation is presented
in (1) where VC is the cutting speed, T is the expected tool life and m and CT are
constants derived from measured data analytically or computed by curve fitting using the
least squared method.Ve.TI™=Ct.[5]. Schematic of flank and crater wear on the cutting tool
is presented in the following figure:

_ Flank wear
bandwidth (FW)

Crater wear

Notch wear

X Nese radius wear

Figure 1. Flank and Crater Wear of Cutting Tools [7]
Cemented carbide cutting tools are widely used in metal machining operations. The
performance of these cutting tools with regards to tool life travel path, the required power
for machining, and the surface quality of the generated workpieces improve
remarkably using coated cemented carbide cutting tools. [6].
Based on this, this study was conducted to analyze the wear of coated carbide cutting tools
and their correlation to the cutting forces produced.

2. Method and materials
Metal cutting process using CNC Lathe "Mazak Mazatech Quick Turn 8N"

Figure 2. CNC Lathe “Mazak Mazatech Quick Turn 8N” The
workpiece materials are AISI 4140 Steel
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™ | Element Content (%)
Chromium, Cr 0.80-1.10
Manganese, Mn 075-1.0
| [Carbon. C 0.380-0.430
- | Siticon, Si 0.15-0.30

" | Molybdenum, Mo 0.15=0.25
Sulfur, S 0.040
Phosphorus, P 0.035

B | Jron, Fe Balance

Figure 3. (a) AISI 4140 Steel Cutting force measurements
using Force Dynamometer equipment
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Figure 4. Force Dynamometer The cutting tool used

Coated Carbide type DNMG 150404

Specifications

Colowr Silver - Grey
Coating Thickness i-5um
Microhardness 1750 HV
Thermal Stability Up to 700°C
Coeff. Friction vs Steel 03

Figure 5. Coated Carbide cutting tool type DNMG 150404 The cutting
tool insert is attached to the tlholgr

b . el

Figure 6. Tool Holder
Cutting tool wear observations were made using a digital microscope.
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Figure 7. Digital Microscope
The force dynamometer measures two (2) axes, the X and Z axes. Where the X-axis is at
the diameter of the workpiece and the Z-axis at feed motion. Cutting speeds used
include: (Vc¢) 180 m/ min, 220 m / min, 260 m / min, 300 m / min, and 340 m / min with
a feed speed (Vf) of 337 mm / min and depth of cut of 0.7 mm and without using
coolant. The turning process is carried out with a cut depth of cut of 0.7 mm and a
feeding speed of 337 mm/min with a cutting length of each process of 150 mm and
repeated. Observation and measurement of cutting tool wear are done every 5 minutes,
observations and measurements are carried out using a digital microscope. If the tool
wear value (Vg) has not yet reached the set wear limit of 0.3 mm, then machining is
continued and recording of wear and force values is carried out so that cutting tool
wears.

3.Result and discussion
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Figure 8. Flank wear Vs Machining time

From the results of research data that have been obtained, it can be seen that the
increase in cutting tool wear is in line with the increase in machining time. When the
cutting tool starts cutting at the surface of the workpiece, there will be friction and
friction in the contact area, if the longer the friction occurs, causing the cutting
temperature to occur the longer the cutting takes place, the increase in cutting temperature
occurs significantly, although some of the heat occurs will be carried by chips and
workpieces, partly it is distributed on the surface of the cutting tool and this affects the
structure of the cutting tool itself, where the longer the cutting lasts and the higher the
cutting speed, then the heat distributed to the cutting tool also increases, thus causing the
contact tool cutting area and the workpiece to experience abrasives which contributes
to the wear and tear on the cutting tool. Abrasive wear occurs whenever a hard rough
surface and/or a surface containing hard particles slide on top of a softer surface [7]. In
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tool wear, abrasive wear is the removal of tool material by hard, abrasive phases in work
material. Depending on the morphology of the abrasive phases, both 2- and 3-body abrasion is
possible. The abrasive phase with complex morphologies results in 2-body abrasion while the
abrasive with simple morphologies result in 3-body abrasion. In figure 7., it can be seen that a
large increase in cutting tool wear occurs at a machining time of 10 minutes with a cutting
speed of Vc 220 m / min. At a cutting speed of Ve 300 m / min, and Vc 340 m / min the average
Vg value has reached or exceeded 0.3 mm at 5 minutes machining time.
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Figure 9. Flank Wear Vs Cutting Force

Based on Figure 9 it can be seen that the high cutting tool wear has an effect on increasing the
cutting force produced. The increase in cutting force is due to the cutting tool which is starting to
experience wear and tear resulting in a change in the geometry of the cutting tool. In this process,
the cutting tool cannot cut metal, because the wear angle of the cutting tool requires high cutting
force to separate the workpiece that is in direct contact with the tip of the cutting tool. The change
in the geometry of the cutting tool is related to the change in the nose radius tool on the cutting
edge. Changing the nose radius tool causes the chips to form larger. The larger the chips that are
formed affect the force produced. This is because the greater the chips that are formed causing an
increase in the force needed to make the shift.

4. Conclusion

From the research and analysis that has been done, it can be concluded that:

Cutting tool wear value is directly proportional to the machining time, the longer the machining
time, the greater the resulting wear. At a cutting speed (Vc¢) of 180 m / min the 5th minute had a
cutting tool (V) wear value of 0.06 mm and at the 20" minute had a cutting tool (Vg) wear value of
0.3 mm.

Increased cutting speed and machining time contribute significantly to the change in the
geometry of the cutting tool which results in more chips being produced.

The increase in the value of the cutting force is affected by the increase in wear that occurs in the
cutting tool due to a change in tool geometry due to wear on the cutting tool. The highest feeding
force value is at the cutting speed (Vc¢) 340 m / min at 368 N and the greatest cutting force value is
at the cutting speed (Vc) 340 m/ min at 371 N.
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