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Highlights

Investigating the mechanism of Built-Up Edge (BUE) formation
Relationship between cutting force and feed rate

Relationship between cip curl-up radius and cutting speed
Cross-correlation between BUE and surface roughness
Understanding cutting mechanis.

R/
0.0

R/
0.0

R/
0.0

R/
0.0

R/
0.0

Graphical Abstract

Investigating Built-Up Edge (BUE) formation is crucial in engineering, impacting tool wear, surface quality, and tool
life. This research explores the influence of cutting speed on BUE and chip morphology, revealing insights for
optimizing machining parameters and achieving longer tool life, quality surfaces, and cost-effective production.

ST

——130 m/min
I M ——140 m/min
—0O—150 m/min

D\B\D
———=

o
o

BUE @130 m/min-
i . 0.2 mmirev.

N
2]
T

e
o
T

=
=}
T

o
3

workpiece

Chip curl-up radius, r (mm)
&

o
=)

130 140 150
Cutting speed, v (m/min)

Figure. The effect of built-up edge on chip morphology

Aim

Investigation of the effect of built-up edge on tool wear and work part surface quality in turning operations

Design & Methodology

It was studied experimentally. The build-up edge tool tip SEM images formed in the cutting experiments were
examined in detail and the data were processed.

Originality

The relationship between chip curl-up radius and tangential speed was examined

Findings

Increasing the cutting speed reduced the formation of ragged edges and therefore the rash edge wear.

Under constant feed rate, as the cutting speed increased, the average surface roughness decreased and the quality of
the test sample surface increased.

It has been observed that the cutting force decreases with the cutting speed but increases with the feed rate.

Conclusion

Increasing the cutting speed reduced the formation of ragged edges and therefore the rash edge wear. Under constant
feed rate, as the cutting speed increased, the average surface roughness decreased and the quality of the test sample
surface increased. It was observed that BUE formation decreased as the cutting speed increased. It was observed that
the chip curl radius and chip thickness decreased with the cutting speed but increased with the feed rate. It was also
found that the cutting force decreased with the cutting speed but increased with the feed rate.
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ABSTRACT

Investigating the mechanism of Built-Up Edge (BUE) formation, which increases tool wear and leads to a decrease in surface
quality and tool life, is a critical aspect in engineering applications. A detailed examination of this mechanism holds great
importance for extending tool life, reducing workpiece surface roughness, and ultimately lowering tool and production costs.
Currently, theoretical, experimental, and numerical studies on this formation mechanism are still ongoing. In this research, the
effects of cutting speed on the BUE formation mechanism and the resulting chip morphology were examined in detail, while
keeping the cutting depth and feed rate constant. Experimental studies have shown that cutting speed directly influences the
formation of BUE and the resulting chip morphology. The extent of this effect, along with details related to chip morphology and
BUE formation, was analyzed by comparing scanning electron microscope images. Additionally, the relationship between cutting
force values read from the machine monitor during cutting and cutting speed was also investigated. This research highlights the
potential to achieve a longer tool life, high-quality workpiece surfaces, and cost-effective production through the optimization of
parameters in the workpiece machining process.

Keywords: Cutting speed, buil-up edge, chip morphology, tool wear, surface roughness.

Tornalama Operasyonu Sirasinda Olusan Takim Ucu
Yi1gint1 Kenarin Talas Sekline Etkisinin Incelenmesi

0z

Takim aginmasini arttirarak is pargasi yiizey kalitesinin ve takim 6mriiniin azalmasina sebep olan y1gmnt1 kenar (ing. Buil-Up edge)
olusum mekanizmasinin incelenmesi, mithendislik uygulamalarinda kritik bir konudur. Bu mekanizmanin ayrintili bir sekilde ele
alinmasi, takim 6mriiniin arttirilmasi, is pargasi yiizey piriizliiligiiniin diigiiriilmesi ve nihayetinde takim ve {iretim maliyetlerinin
distiriilmesi agisindan biiyiikk dneme sahiptir. Su anki asamada, bu olusum mekanizmasi iizerindeki teorik, deneysel ve sayisal
caligmalar halen devam etmektedir. Bu arastirmada, kesme derinligi ve ilerleme hizi sabit tutularak kesme hizinin yigint1 kenar
olusum mekanizmasi ve isleme sonrasi olusan talag morfolojisine olan etkileri detayli bir sekilde incelenmistir. Gergeklestirilen
deneysel ¢aligmalar, kesme hizinin yigint1 kenar olusumunu ve olusan talag morfolojisini dogrudan etkiledigini gdstermistir. Bu
etkinin boyutu, talas morfolojisi ve yigint1 kenarin olusumuyla ilgili detaylar, ¢ekilen taramali elektron mikroskop fotograflart
iizerinden karsilastirilarak analiz edilmistir. Ayrica, kesme sirasinda tezgdh monitoriinden okunan kesme kuvveti degeriyle kesme
hizinin iligkisi de incelenmistir. Bu arastirma, is parcasi isleme siirecindeki parametrelerin optimize edilmesiyle daha uzun takim
omril, yiiksek kaliteli is pargasi yiizeyleri ve diisiik maliyetli {iretim saglama potansiyelini ortaya koymaktadir.

Anahtar Kelimeler: Kesme hizi, yiginti kenar, talas morfolojisi, takim asinmas, yiizey piiriizliliigii.

1. INTRODUCTION

Build Up Edge (BUE), generally occurs during the
machining of relatively ductile materials at low speeds
[1-2]. This accumulation of material at the cutting edge
in the mouth region occurs as a result of the strong
adhesion of the processed material to the cutting edges
and the subsequent buildup over time, forming
protrusions on the cutting edge. Particularly in
drillingoperations, the accumulation at the cutting tool
edge is a significant issue. The formation of edge buildup
has been reported to cause substantial deviations in

*Corresponding Author (Sorumlu Yazar)
e-posta: kemal.yaman@ostimteknik.edu.tr

cutting depth and hole- diameter tolerances since it
affects effective cutting depth and hole-diameter [3-5].
This buildup can be minimized by using positive rake
angle tools, employing tools with very low surface
roughness, using enhanced lubricating coolants, directing
high-pressure coolant directly to the chip surface, and
generally using high cutting speeds [6-7]. On the other
hand, it has been suggested that the formation of buildup
edge is more closely related to material properties,
particularly when machining at very high cutting speeds
(High-Speed Machining, HSM), where the workpiece
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material in the cutting zone and especially in the
secondary deformation zone becomes soft and ductile
[2].

Bulid-up edge wear is a type of wear significantly
dependent on temperature and cutting speed [7].
Undesirable, it results from the material welding onto the
tool surface, causing particle detachment from the tool
surface. The mechanism of BUE formation is directly
related to the relationship between the workpiece and the
tool [1-9]. Atlati and others have indicated, based on their
experimental and numerical studies on Aluminum alloy
(2024-T351) material during cutting, that the increase in
local friction during cutting extends the adhesion length,
triggering debris edge formation. According to numerical
results, the sudden or gradual increase in local frictions
noticeably affects parameters such as workpiece
processing speed and plastic strain values in thermo-
mechanical zones. It has been observed that as friction
increases, the flow of workpiece material at the tool edge
slows down, resulting in increased chip adhesion [7, 10].
Similarly, on UNSA92024 aluminum alloy, Parra and
others have examined the build-up layer (BUL) and wear
formation mechanism under dry turning conditions. They
observed the formation of the first debris layer (BUL) on
the flank surface of the tool, with a composition close to
pure aluminum. Because the melting temperatures of
alloys added to the melting temperature of aluminum are
lower, a metallurgical content close to pure aluminum is
formed in the deposited region. After the formation of the
initial debris edge layer, the tool geometry and cutting-
edge microstructure undergo changes, creating
conditions that facilitate adhesion [11-12]. This new
geometry and  microstructure  accelerate  chip
accumulation by forming the fundamental mechanism for
subsequent BUE formation [11, 13, 14].

In another study on the micro-milling of Titanium alloy,
where BUE formation on a single-tooth cutting tool was
examined, it was reported that BUE formation increases
when the cutting tool relief angle is low. While BUE
formation is largely under high cutting loads, an increase
in cutting speed was stated not to be effective in BUE
formation. In a study examining the effect of the tool
edge radius [14-15], it was mentioned that the flow of
chips during cutting is directly related to the tool edge
radius. They expressed that larger cutting forces and a
higher susceptibility to BUE formation are measured in
tools with a larger edge radius compared to sharp-edged
tools [2, 14].

Childs [16] expressed that elongation hardening resulting
from plastic deformations during cutting is the behavior
that causes the formation of BUE. He demonstrated
through numerical analyses that elongation hardening
triggers the formation of discontinuous chips by inducing
slip errors in the microstructure of the cut material during
cutting. Elongation hardening, on the other hand, is
primarily attributed to the increased ambient temperature
due to friction. Studies in the literature indicate that the
ambient temperature generated during cutting is a
fundamental factor in the mechanism of BUE formation

and related wear on the workpiece and cutting tool. In an
experimental study where the cutting environment was
cooled with a cryogenic compressed air jet [17], it was
observed that the BUE formation occurred in very small
dimensions.

It has been stated that the forces occurring during cutting
are at much lower levels than in dry cutting. Chip shapes
formed during machining are an important indicator for
understanding the cutting process. For this reason,
detailed information about chip types and shapes is
presented in this section. Chips are formed in different
types depending on the type of material being processed,
cutting speed, feed rate, cutting depth and tool geometry
parameters. Chip type is an important factor that provides
information about cutting conditions and surface quality.
In addition, chip type also affects the difficulty or ease of
machining. Long and continuous chip flow causes it to
become entangled in the tool or bench, deteriorate the
material and surface quality, and damage the cutting
edge. Three types of chips are formed according to the
formation mechanism. These are continuous chip
(flowing chip), discontinuous chip (discontinuous or
broken chip) and built-up chip (BUE) [8-9].

Continuous chip formation typically occurs as a result of
processing ductile materials at high speeds. Continuous
chips are formed through the continuous deformation of
the material in front of the cutting tool without macro-
level cracking, as the chips are continuously removed
with the deformation of the material. Due to high
deformation, the chips harden, and increased hardness
enhances tool wear. Continuous chips can take the form
of bands, spirals, or various helical shapes. This type of
chip formation occurs under conditions of ductile
workpiece material, low cutting depth, low feed rate,
sharp cutting-edge tools, large chip angle, high cutting
speeds, and the use of cutting fluid for tool and workpiece
cooling, and minimum chip flow resistance [8]. During
the formation of discontinuous chips, the material
undergoes excessive plastic deformation, and if the
material is brittle, partial fracture occurs in the primary
deformation zone along with the partially formed chips.
Under these conditions, the chips are segmented, and the
resulting chips are discontinuous. The cutting force
experiences the lowest value during chip compression
and the highest value during chip separation. The loading
of the tool on the chip surface is inversely proportional to
this. Compared to continuous chip formation, the
amplitude of periodically varying cutting forces is large,
and the frequency is small [8]. In the Built-Up Edge
(BUE) type, it occurs when the continuously emerging
chip adheres to the cutting tool surface along the
machined surface. At low cutting speeds where cooling
fluid is not used, due to the compressive force applied to
the metal in front of the cutting tool and the excessive
friction, the chip undergoes continuous deformation,
resulting in chip separations along a plane perpendicular
to the cutting plane. Small particles separated from the
chip adhere to the tool. These particles, accumulating by
sintering on the tool, form the BUE in the secondary
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deformation zone. BUE, which is harder than the ejected
chip, can be stable or unstable. Part of the unstable BUE
is removed by the exiting chip, while another part
separates from the chip during cutting and embeds into
the machined surface, negatively affecting surface
roughness. Additionally, very hard BUE contributes to
the wear of the cutting edge. Stable BUE, on the other
hand, leads to an increase in sliding stresses at the cutting
tool edge and the effective chip angle, restricting the
contact area between the cutting edge and the chip,
thereby increasing cutting forces. Such processes
adversely affect the surface quality of the material [18].

When the chips formed during processing are examined
in terms of shape, it is understood from the studies that
these shapes depend on many different variables. The
chip shapes resulting from this study were evaluated
mainly in terms of machinability. Although continuous
chips are formed in band form, spiral or helical shapes,
the priority chips in terms of machining are short spiral
and helical shaped chips. Long chip formation is
dangerous for the operator, reduces efficiency in terms of
the time required for chip removal, and may deteriorate
the quality of the machined surface [8].

2. MATERIAL AND METHOD

The machining experiments of test specimens prepared
from SAE 1030 steel material were conducted on a CNC
turning center, Goodway GA-2800L. Machining was
performed by removing chips at a constant feed rate of
0.20 mm/rev and a fixed thickness of 2.50 mm at
different cutting speeds of 130, 140, and 150 m/min. The
amounts of built-up edge formation on the cutting tool
were compared through SEM images. The tensile test
graph of the SAE 1030 steel used in the experiments is
presented in Figure 1. According to the tensile test, the
average elongation was 38.6%, and the maximum tensile
strength values were read from the tensile testing
machine as 76,582 N for three different test specimens.
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Figure 1. Tensile test results of test samples

Test materials were prepared considering the TS 10329
standard with a length/diameter ratio less than 10/1. The
chemical composition of the samples in % is given in
Table 1. A tailstock hole was drilled at the end of each
sample to be suitable for processing between the chuck
and the tailstock.

Table 1. Chemical composition of SAE 1030 material used in
experiments

Component C Cr Mn Mo Ni Cu S
Rate (%) 0.31 0.07 0.67 5.00 0.09 0.292 0.027

According to the TS 10329 standard, if the cutting tool
has a hard metal or ceramic-tipped end, the tips should be
of the mechanical clamping type. Tips attached to the
body with hard solder or metal coating should not be used
as a reference cutting tool. The cutting tool must be
connected to the machine in the correct orientation. In
this context, the cutting edge of the tool should be at the
level of the tool axis, and the cutting body should be
perpendicular to the axis of rotation. In cutting
experiments, a cutting insert of type 1C8250 with a 0.4
mm nose radius, following the TS-10329 standard, was
used. The inserts were coated with TiAIN using the
Physical Vapor Deposition (PVD) method. The tool
holder with code number DDJNR 2525 M-15 was used
as the cutter. To ensure no chip formation and stable
cutting, the samples were connected between the chuck
and the tailstock, as shown in Figure 2.

¥y

N

D) /, " —Sample %
> (P Cuttingf
'Pﬁ X tool —

Figure 2. Test sample prepared for processing between the
chuck and the tailstock

The Mitutoyo SURFTEST-301 model roughness
measurement device was used to measure surface
roughness. A tool microscope was employed for pre-
measurements of wear on cutting tools. Photographs of
the chips removed from the test specimen were taken.
Edge Build-Up (BUE) formations were examined in
stages by capturing SEM images. Samples taken from the
chips generated during machining were measured using
a digital caliper. For each cutting parameter, ten chip
samples were taken, and their thicknesses and radii were
measured. Average thicknesses and standard deviations
were calculated. The relationships between the obtained
chip shapes and BUE wear were investigated

3. RESULTS AND DISCUSSION

By increasing the cutting speed (130,140,150 m/min @
0.20 mm/rev), SEM images were taken to observe the
BUE formation on the cutting tool according to the
constant cutting depth and feed rate and are shown as
Figure 3a, Figure 3b and Figure 3c. When SEM images
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are examined, under constant cutting depth (chip
thickness) and feed rate, the formation of stacked edges
decreases as the cutting speed increases. While the
largest accumulation occurs at a cutting speed of 130
m/min, an area approximately half thesize of the previous
affected area was affected at a cutting speed of 140
m/min. At a cutting speed of 150 m/min, it was observed
that stacked forms in a much smaller area.

(@)
BUE @130 m/min-
0.2 mm/rev

X188, 18&kmn

BUE@ 140 m/min,  (b)
0.2 mm/rev

“BUE@150 m/min,
0.2 mm/reyv

Figure 3. BUE formations at variable cutting speeds of (a) 130
m/min, (b) 140 m/min and (c) 150 m/min at a constant
cutting depth and constant feed rate (0.2 mm/rev)

At low cutting speeds where the temperature is low [19-
20], in cases where coolant is not used or is insufficient,
the continuous deformation of the chip emerging in front
of the cutting tool results in smaller particles breaking off
from the chip, which then contribute more to the welding
on the tool. As the speed increases and effective cooling
is applied, the opportunity for the particles breaking off
from the chip to weld onto the tool surface is prevented.
Consequently, the welding area or affected region
decreases. BUE, which is harder than the ejected chip,
increases the surface roughness of the produced part by

embedding into the machined surface. However, it is
clearly observed from SEM images that a very hard BUE
also causes wear on the cutting edge. The best surface
quality was achieved at a cutting speed of 150 m/min in
the cutting experiments.

3.6
- =130 m/min
g 34 r —0—140 m/min
= 3.2 =—O=150 m/min
& 3t
£
o 2.8
=]
226}
8,4 |
ig ' C}--_._.-w§%----~{j
5 2.2

2

130 140 150
Cutting speed (m/min)

Figure 4. Variation of surface roughness according to cutting
speed

It was observed that the average surface roughness value
decreased when the cutting speed was increased from 130
m/min to 140 m/min. When the cutting speed was
increased to 150 m/min, the average surface roughness
value reached its lowest value of 2.188 um, meaning that
the best quality surfaces were obtained at the highest
cutting speed (See Table 2 and Figure 4). The
relationship between cutting speed and surface quality is
in agreement with similar studies [8-9, 21-22].

Looking at most cutting plane model-based analyses, the
chip flow rate is assumed to remain constant throughout
the chip thickness and the chip is considered flat. This
means that in real machining processes, when the tool-
chip natural contact length is reached, the chip moves
away from the tool surface and curls. Chip curling was
first studied in the literature by Cook et al. [23]. In this
study, in addition to examining the kinematics of chip
curl, they evaluated the resulting edge accumulation
(BUE) and the effects of additives in the workpiece
material. They considered chip curl as a cause rather than
a result and suggested that BUE and crater may be
formed by a predetermined chip curl feature. They
presented various experimental results to support their
claims.

workpiece

Figure 5. Formation of chip curl-up radius
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Table2. Surface roughness measurement results of test samples

Average
Cutting Feed Sample surface roughness(um) surface Standard
speed(m/min)  rate(mm/rev) 1 2 3 4 5 roughness deviation
(nm)
130 3.16 2.95 2.76 2.85 2.72 2.880 0.161
140 0.20 2.88 2.80 2.63 2.57 2.48 2.642 0.097
150 2.52 2.45 221 2.19 2.07 2.188 0.126
Table 3. Surface roughness measurement results of test samples
Average
Cutting Feed Sample surface roughness(um) surface Standard
speed(m/min)  rate(mm/rev) 1 2 3 4 5 roughness  deviation
(um)
130 3.16 2.95 2.76 2.85 2.72 2.880 0.161
140 0.20 2.88 2.80 2.63 2.57 2.48 2.642 0.097
150 2.52 2.45 221 2.19 2.07 2.188 0.126
Table 4. Curl-up radius measurements of chip samples formed at different cutting speeds
cutting - 1 rate Sample chip curl-up radius dimensions (mm) Average
speed / radius
(m/min) (MM/rev) 1 2 3 4 5 6 7 8 9 10 (mm)
130 2 17 15 19 15 13 15 12 18 14 158
140 0.20 1.15 11 11 115 1 11 115 13 17 19 131
150 1.05 1 1 11 18 11 12 18 115 13 120
— a == 130 m/min — a == 130 m/min
E 3.0 r === 140 m/min E 30 f === 140 m/min
- r =—C==150 m/min =2 r =—C==150 m/min
— 25 — 25
%) %)
> =}
S 20 S 20
g g
3 10} w 3 10} w
2 2
< <
© 05 © 05 |
> >
< 0.0 < 0.0

140 150
Cutting speed, v (m/min)

130

140 150
Cutting speed, v (m/min)

130

Figure 6. The relationship between cutting speed and (a) chip curl-up radius (b) chip thickness

They tried to explain the chip curling and straightening
mechanism with the help of plastic theory, but a complete
plasticity solution was not given. All these published
studies take into account that the process is handled only
under orthogonal conditions.

Studies in the literature describe the upward curling of
chip as a natural phenomenon [24]. Others view the
upward curling of the chip as a result of stable edge

deposition (Worthington and Redford [25]). Chip breaker
geometries were developed according to these principles
(Okushima et al. [26]). In this case, experimental
measurements were takenwhile the cutting process was
carried out only under vertical conditions (Figure 5).

The chips obtained from experimental specimens
processed at various cutting speeds and constant feed
parameters were measured using a digital caliper, and the
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curl-up radii and chip thicknesses are presented in Tables
3 and Table 4, respectively. The measured radius and
thickness data indicate that chips from specimens with
lower cutting speeds have higher chip thicknesses and
lower chip curl-up radii (see Figure 6a and Figure 6b).

Figure 7. Chip morphologies formed under a constant feed rate
of 0.2 mm/rev (a) 130 m/min (b) 140 m/min (c) 150
m/min

An increase in chip thickness makes it more difficult for
the chip to flow over the cutting edge and simultaneously
causes an increase in heat in that region [9]. Increasing
the cutting speed has been observed to result in an
increase in chip curl-up radius and a decrease in chip
thickness. The heat generated by the increased cutting
speed facilitates easier flow of the chip over the

experimental specimen. The reduction in curl-up radius
and chip thickness with an increase in cutting speed is
consistent with the literature [27-31].

When the cutting speed was increased from 130 m/min
to 150 m/min, the average chip curl-up radius increased
from 1.20 mm to 1.58 mm. As the cutting speed
increased, the flow rate of the chips increased and the
temperature increased due to the color of the chips in the
cutting zone. When the cutting speed was 140 m/min, the
color of the chip in the cutting zone became light, close
to yellow (Figure 7). At the same time, the chips obtained
according to this cutting parameter showed a
homogeneous distribution. Accordingly, the best surface
quality was obtained at a cutting speed of 150 m/min. The
resulting chip shapes are shown in Figure 8 in 1/1 scale
photographs as (a) 130 m/min, (b) 140 m/min and (c) 150
m/min. As stated before, increasing cutting speed
significantly prevents BUE formation and increases
cutting performance [13, 21, 29, 32].
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Figure 8. Variation of feed rate with (a) average chip curl-up
radius and (b) average chip thickness

As the feed rate increases during machining, the average
chip curl-up radius increases due to the increase in chip
thickness. The increase in chip thickness causes the chip
to show higher resistance against the forces that bend the
chip, and as a result, it reduces the tendency of the chip
to curling and causes the curl radius to increase. This
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situation is shown in Figure 8a and Figure 8b with a
standard deviation of 5%. In Figure 8a, under the
condition of a constant 130 m/min cutting speed, when
the feed rate doubles from 0.15 mm/rev to 0.30 mm/rev,
the average chip curl-up radius increases by
approximately 30% from 1.1 mm to 1.4 mm. When the
feed rate is kept constant, it is observed that the chip curl-
up radius decreases, on the contrary, as the cutting speed
increases. When the cutting speed is kept constant, as the
feed rate increases, the surface roughness and average
chip thickness increase, meaning the sample surface
quality decreases significantly (Figure 8b). The similar
results are consistent with previous studies [24, 28, 30-
31, 33-35].

The cutting forces were obtained by exploiting the
feature of the machining center. During processing on the
CNC machine, cutting loads generated on the machine
axes can be monitored as a percentage. The loads on the
X and Z axes during cutting, expressed as a percentage,
were obtained based on the variation in cutting speeds.
As the cutting speed increased, the loads on the machine
axes, as read from the machine monitor, decreased from
1.63 kN to 1.39 kN (Refer to Table 5 and Figure 9). This
reduction is attributed to the decrease in chip contact
length or contact area as the cutting speed increases [7,
19-20, 21, 32]. As the contact area decreases, friction
decreases. Cutting forces and the heat generated in the
environment lowers with friction reduction.

Table 5. Cutting force values depending on cutting speed at a
constant feed rate of 0.2 mm/rev

Cutting speed Cutting force
(m/min) (%)

130 35

140 32

150 23

Cutting force
(kN)

1.63
1.52
1.39

2.0
1.8 mf=0.20 mm/rev
1.6
1.4
1.2
1.0
0.8 |
0.6
04 |
0.2
0.0

Cutting force, F (kN)

130 140 150
Cutting speed, v (m/min)

Figure 9. Variation of cutting speed with axial force at a
constant feed of 0.2 mm/rev

Considering Figure 9, a decreasing trend of
approximately 15% is observed in cutting force values as
the cutting speed increases from 130 m/min to 150
m/min. It can be stated that this reduction in heat in this
region allows the chips to flow more easily, preventing

adhesion to the surface, as they are efficiently removed
from the environment by the cooling fluid. As the cutting
speed increases, a continuous chip formation is observed.
Similar results are described in the literature [20-21, 32].
In this study, which investigates the effect of cutting
speed on the formation of built-up edge (BUE), the
optimal cutting speed is determined as 150 m/min,
considering surface roughness, chip characteristics, and
cutting forces, under a constant feed rate of 0.20 mm/rev.

When examining the relationship between cutting force
and feed rate, it is observed that as the feed rate increases,
the cutting tool engages more with the workpiece,
leading to higher friction and cutting load on the lathe
spindle. Consequently, the cutting force acting on the
lathe spindle increases. When the cutting speed is held
constant, an increase in the feed rate results in a nearly
proportional rise in cutting force, and as the constant
cutting speed value increases, the cutting force gradually
decreases.

This phenomenon is clearly evident in Figure 10a and
Figure 10b. Consistent with findings in the literature,
similar results have been observed in studies conducted
[21, 27, 29-30, 35]. Particularly, in Rao's investigation on
machining Inconel 718 alloy material with cutting
parameters very close to those in this study, results
closely resembling this study were obtained [30].
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Figure 10. Cutting force variation with (a) feed rate and (b)
cutting speed
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4. CONCLUSION

The results summarized below were obtained in this
study, where the mechanism of Built-Up Edge (BUE)
formation on the cutting tool and the radius of chip curl
in SAE 1030 forged steel material were investigated:

1. It was observed that under the conditions of a
constant feed rate of 0.2 mm/rev, the minimum
BUE formation occurred at a cutting speed of 150
m/min. An increase in cutting speed reduced BUE
formation and consequently BUE wear. These
results were found to be consistent with similar
studies reported in the literature.

2. The increasein cutting speed from 130 m/min to
150 m/min facilitated the smoother flow of chips
over the material, resulting in a reduction of the
continuous chip curl-up radius from 1.58 mm to
1.20 mm.

3. Under a constant feed rate (0.2 mm/rev), when the
cutting speed was increased from 130 m/min to
150 m/min, the average surface roughness
decreased from 2.880 um to 2.188 um.

4. Analyzing the forces on the CNC machine axes, it
was observed that increasing the cutting speed
from 130 m/min to 150 m/min led to a decrease in
cutting force from approximately 35% to 23%. As
the cutting speed increased, a reduction in cutting
forces occurred. On the other hand, increases in
feed rate caused the cutting tool to penetrate more
into the chip, leading to increased friction and
consequently an increase in cutting forces. When
comparing both cutting parameters, it was
determined that the feed rate caused higher
increases in cutting forces compared to cutting
speed.
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