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Abstract -- In the machining of metal cutting, cutting tools are the main things that must be considered.
Using improper cutting parameters can cause damage to the cutting tool. The damage is Built-Up Edge
(BUE). The situation is undesirable in the metal cutting process because it can interfere with machining,
and the surface roughness value of the workpiece becomes higher. This study aimed to determine the
effect of cutting speed on BUE that occurred and the cutting strength caused. Five cutting speed variants
are used. Observation of the BUE process is done visually, whereas to determine the size of BUE using
a digital microscope. If a cutting tool occurs BUE, then the cutting process is stopped, and
measurements are made. This study uses variations in cutting speed consisting of cutting speed 141,
142,148, 157, 163, and 169 m/min, and depth of cut 0.4 mm. From the results of the study were obtained
that the biggest feeding force is at cutting speed 141 m/min at 347 N, and the largest cutting force value

is 239 N with the dimension of BUE length: 1.56 mm, width: 1.35 mm, high: 0.56mm.
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INTRODUCTION

In the metal forming manufacturing industry,
the metal cutting process is one of the activities
that is often carried out, especially when
producing machine components. The metal
cutting process is a process that is used in forming
basic metals into machine components by using
the cutting tool as its main component [1]. The
machining process is the process of producing a
product by cutting the workpiece using cutting
tools and machine tools.

The turning process is one of the most
widely used metal cutting operations in the
engineering industry to form the surface of
workpieces. In the turning process, generally
using several cutting parameters such as depth of
cut, cutting speed, feed rate [2][3]. During the
cutting process, the cutting tool interacts directly
with the workpiece. Chips are produced from the
cutting process of the workpiece. The heat is
generated through the plastic deformation of the
workpiece and the friction of the cutting tool
interface, which causes heat transfer to the cutting
tool, chip, and the surface of the workpiece.

The temperature contained in the
workpiece and cutting tool has increased
substantially. This situation causes the cutting

conditions to be made more severe. Cutting tools
must have resistance to higher thermal loading.
In the metal cutting process, there is always
a large cutting force, friction, and high temperature,
this is caused by continuous and intensive friction
between the active cutting tool surface and the
workpiece surface. These conditions cause wear
on the cutting tool surface, which leads to damage
to the surface quality and a decrease in precision
in the machined workpiece. The wear on the
cutting tool surface is very complicated because it
is accompanied by chemical phenomena that
appear on the contact surface between the cutting
tool, the workpiece, and the chip. In other words,
wear is a destructive process of the surface layer
of the active plane of a cutting tool that leads to
progressive  modification of the machine
workpiece shape and surface quality. This
situation changes in the geometry of the cutting
tool (tool angle and nose radius), temperature,
geometric cutting force, macro and micro-
precision of the machine surface [4][5].
Therefore, the workpiece cutting process is
accompanied by cutting tool wear, which has an
effect on reducing the quality of the cutting tool
and causes vibrations. The cutting force occurs
higher because the cutting tool has worn and the
nose radius tool forms an increasingly rounded tip.
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When this happens, the vibrational amplitude
becomes dramatically increased, resulting in a
chatter [6][7].

Inaccuracies in the metal machining
process can also be experienced by the presence
of chips that accumulate and are attached to the
cutting tool called the Built-Up Edge (BUE). In
cutting tools, the occurrence of BUE is undesirable,
because the BUE can cause damage to the cutting
tool, the effect can affect the surface of the
workpiece produced, and the cutting tool life
becomes shorter and will undoubtedly increase
machining costs.

BUE is a problem that affects the machining
process so that the surface conditions of the
resulting workpiece become inaccurate. In
addition, BUE causes damage to the cutting tool
surface because the chip is attached to the cutting
edge, then peels off [8]. One of the BUE problems
occurs with AISI 1045 steel workpieces with
coated carbide cutting tools.

Along with environmental problems in the
present, the process machining is expected not to
use coolant. Machining without coolant or
regarded as dry cutting helps to prevent emissions
from the atmosphere caused by residual use of the
coolant. But, one of the effects of dry cutting is the
emergence of BUE. BUE is a new cutting surface
formed at the end of the cutting tool caused by a
chip stacking. This condition causes the cutting
tool cannot be used anymore and must be cleaned
first. The emergence of BUE has caused many
problems among small industries, because the
use of cutting tools has become more numerous,
or has often sharpened cutting tools, and of course,
has caused an increase in the cost of machining
processes that are being carried out [9]. The
concentration of heat at high temperatures due to
the cutting process that occurs in the cutting zone
is due to low thermal conductivity. High workpiece
hardness causes high adhesion of the workpiece
material to the cutting tool and results in an
unstable chip that forms BUE [8].

BUE consists of several layers of damaged
material. These layers are attached to the surface
of the cutting tool contact area. They can cause
changes to the cutting tool geometry and the metal
cutting process mechanism [9]. BUE chips that
occur at the angle of the cutting tool are not
permanently formed but are periodically released
from cutting tools, and sometimes the chips are
attached to the surface of the tools [9][10].

BUE has low structural stability, which can
cause cracking and damage to the cutting tool
surface. However, under the same conditions,
BUE with thin and stable thickness can be used to
protect the cutting tool from wear by reducing
friction between the cutting tool and the workpiece

[11][22]. In particular, it will affect the final surface
condition and residual stress of the machine
surface due to its effect on the component
operation and reliability [13][14]. Creep, fatigue,
and stress cracking are the causes of product
failure [15].

Coated carbide is a cutting tool suitable for
use in turning processes with workpieces such as
steel, iron, and stainless with very hard steel
particles and increasing wear resistance in high
temperatures [6]. In the automotive industry, AlSI
1045 steel metal material is mostly used because
of its excellent machinability, weldability, and high
strength [16][17].

In the cutting process, the use of higher
cutting speeds causes an increase in cutting
temperature cutting zone, which leads to faster
cutting tool wear which in turn affects dimensions
accuracy, surface roughness and tool life
[18][19][20].

This research was conducted to examine
the effect of cutting speed on cutting force on the
formation of BUE on the carbide cutting tool so
that the characteristics of the BUE dimension are
known and identify effective cutting speeds to
prevent BUE.

METHOD

Metal cutting is carried out using a Micro
Tara Turn Master 35 lathe as shown in Figure 1.
The workpiece material is AISI 1045 steel as
depicted in Figure 2. The chemical composition of
AISI 1045 Steel as listed in Table 1.

Figure 1. Lathe Machine Microtara Turnmast35
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Figure 2. AISI 1045 Steel

Figure 4. Coated Carbide cutting tool type TNMG

Table 1. Chemical Composition of AlSI 1045 331MA
Steel [2]
Composition (%0) BUE observations and measurements that occur
,\C/m g:gé:g:gg in cutting tools using a digital microscope is
Mn Si maximum 0.40 illustrated in Figure 5.
S maximum 0.40
Cr + Mo + Ni Max 0.63

Cutting force measurements are carried out using
a dynamometer as shown in Figure 3.

DIGITAL WULTY METER

Figure 5. Microscope Jenco
Model BC 4-311

The research step was cutting AISI 1045
steel with a size of @ 2.5 x 120 mm, determining
five variations of cutting speed, 141, 142, 148, 157,
163, and 169 m / min, cutting depth of 0.4 mm and
set the cutting force gauge. The cutting process is
carried out using a carbide cutting tool. When the
machining process takes place, the measurement
of the cutting force is carried out. Dynamometer
tool used to measure the cutting force that occurs
in a cutting tool consisting of 2 (two) axes, namely

N - the X and Z axis, for the X-axis is measured in the
=W, @ . diameter of the workpiece and the direction of the
Figure 3. Force Dynamometer Z-axis in the direction of feeding. Tip cutting tool is
observed, if BUE occurs, machining is stopped,
The cutting tool is coated carbide cutting tool and its dimensions are measured. When cutting
TNMG 331MA type as shown in Figure 4. temperatures increase, between objects work and
cutting tools produce chips with high temperature,
then the lathe is off. BUE reviews and evaluates
using a digital microscope to determine the size of
BUE.

DIGITAL MuLTI METER

N ..c0o0n,_
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RESULTS AND DISCUSSION

Based on Figure 7, it can be seen that the

From the experiments conducted, the built-up value of the cutting force varies and shows a
edge that occurs in the cutting tool is shown in decrease when the cutting speed increases.

Figure 6.

(b)
Figure 6. the built-up edge that occurs in the
cutting tool
(a) Built-up edge attached to the cutting tool
(b) Built-up edge visible from the microscope

The results of observing and measuring the
cutting force using variations in cutting speed are
shown in Figure 7.
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Figure 7. Cutting speed VS Cutting Force

Figure 6 shows that at a cutting speed of 141
m/min, the cutting force (F¢), and the feeding force
(Fs) produced is large. Then with increasing cutting
speed, it causes a reduced cutting force. This
situation occurs if the cutting speed increases
based on the speed of feeding the workpiece,
which is getting bigger, causing the chip to stick to
some of the corners of the cutting tool. This
condition is caused by high cutting temperatures,
which affect the formation of BUE at the tool angle,
and an increase in cutting force also causes
cutting power to increase.

From observations made during the
machining process, BUE can occur at any cutting
speed, but the BUE shape that occurs includes
varying lengths, widths, and thicknesses, as
presented in Figure 8.
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Figure 8. Effect of Cutting Speed on Built-Edge
Size

Based on Figure 8, it can be seen that the BUE
that occurs does not depend on the cutting speed
(Ve). But due to the release of the cutting
temperature that does not occur properly. So,
some of the heat still occurs on the chip and
eventually spreads and increases to the cutting
tool angle. BUE size is different at each cutting
speed. In Figure 8 it can be seen that the cutting
speed of 141 m/min in experiment 1 produces a
size larger than BUE than the cutting speed of 142
m/min in experiment 2 which results in a size
smaller than BUE, this occurs because when the
cutting speed increases, there is an increase in
temperature and the tip of the chip attached to the
cutting tool is peeled off from the cutting tool, this
causes the BUE dimension that occurs on the
cutting tool to be smaller compared to the previous
cutting speed.
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Figure 9. Cutting force on the Built-Up Edge
dimensions

Based on Figure 9, the effect of increasing
cutting speed affects the cutting force. With the
occurrence of BUE on the cutting tool, the cutting
force that occurs in the cutting process is greater
because the angle of cutting tool no longer
performs its function for metal cutting. Still, the
BUE is rubbing, so it requires a force greater to do
a metal cutting process. Other effects arising from
the presence of this BUE the surface condition of
the workpiece becomes rougher, and cracks occur
on the cutting tool faster because of BUE shifts
and peels off the surface of the cutting tool
attached to the BUE. Based on Figure 8, it can be
seen that the increase in the length and width of
BUE is more significant than the height of BUE.
The situation is especially true for the cutting force
of 397 N.

The size of the built-up edge is also
influenced by increased cutting force. The built-up
edge that occurs in the cutting tool affects the
cutting of uneven workpieces. From these results,
it can also form large chips due to changes in the
force produced and high temperature when
rubbing between the cutting tool and the
workpiece, so that the surface conditions of the
workpiece produced are high roughness.

CONCLUSION

In general, the built-up edge that occurs in
the cutting tool when the cutting process
temperature is high and results in large chip size
and can be seen from a higher cutting force than
the cutting process. The most significant feeding
force is at cutting speed (V¢) 141 m/min at 347 N,
and the most extensive cutting force value is 239
N the dimension of BUE length:1.56 mm,
width:1.35 mm, high:0.56mm. While the minimum
feeding force occurs at a cutting speed of 142
m/min at 265 N, BUE length: 0.8 mm, width:0.57
mm, high:0.47 mm, and the value the smallest
cutting force at a cutting speed of 157 m/min with
a value of 170 N, BUE length: 0.64 mm, width:
0.51, high:0.72 mm. With a cutting speed of 141

m/min at machining time of 43 minutes. Cutting
speed does not directly influence the occurrence
of BUE. At a cutting speed of 141 m/min, the BUE
dimension that occurs is higher than the speed
compared to the cutting speed of 142 m/min.
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