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Abstract

In this study, the performances of end mills used widely in machining were investigated in case of
their reuse by sharpening. For this purpose, at the CNC vertical machining center, slot milling
processes were carried out with HSS end mills (used once) on the AISI 1050 manufacturing steel
having two different diameters and with carbide end mills (again used once) on the AISI D2 (2080)
cold work tool steel having two different diameters. Machining experiments were made by using four
different cutting speeds, four different feed and four different cutting depths. These end mills,
afterwards, were re-sharpened by considering their original tool geometry and the machining
experiments were repeated at the same conditions and their performances were evaluated in
comparison with the performances of the new tool. In general, wear amounts in the sharpened tools
were observed to be higher with respect to the new tools. In the HSS tools, no adverse effect of
sharpening process was observed on the machining performance. In the carbide tools, especially from
the point of surface quality for the tools having small diameter there is no adverse effect of re-
sharpening and re-sharpening can be recommended with the condition of observing the surface
quality in parallel to the increase in diameter.
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Oz

Bu c¢alismada, talagh imalatta yaygin olarak kullanilan parmak frezelerin, bilenerek tekrar
kullanilmalar: halindeki performanslari arastirilmistir. Bu amagla, CNC dik isleme merkezinde, AISI
1050 imalat ¢eligi tizerinden ilk kez kullanilmis olan iki farkh capta HSS parmak frezeler ile AISI D2
(2080) soguk is takim ¢eligi tizerinden de yine ilk kez kullanilmis olan iki farkl ¢apta karbiir parmak
frezeler ile talas kaldirma islemleri yapilmistir. Talas kaldirma deneyleri, dort farkli kesme hizi, dort
farkl ilerleme ve dort farkli kesme derinligi uygulanarak yapilmistir. Sonrasinda, kullanilan bu
parmak frezeler, orijinal takim geometrisi dikkate alinarak yeniden bilenmis ve ayni sartlarda talas
kaldirma deneyleri tekrarlanarak performanslari, yeni takimlarin performanslar: ile mukayeseli
olarak degerlendirilmistir. Genel olarak bilenmis takimlardaki asinma miktarlarinin yeni takimlara
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gore daha yiiksek oldugu gozlenmistir. HSS takimlarda bileme isleminin isleme performansina
herhangi bir olumsuz etkisi gézlenmemistir. Yekpare sementit karbiir takimlarda 6zellikle yiizey
kalitesi agisindan kiigiik ¢apli takimlar i¢cin yeniden bilemenin olumsuz bir etkisi gézlenmezken
captaki artisa paralel olarak yiizey kalitesindeki beklentilerin izlenmesi kaydi ile yeniden bileme

islemi onerilebilir.

Anahtar Kelimeler: Kesme Kuvveti, isleme performansi, Yeniden Bileme, Yiizey Puirtizliiliigt, Takim Yanak Asinmasi

1.Introduction

Nowadays, machining has become a
continuously improving and developing sector
in order to meet the needs in the fields of
defense, agriculture, automotive, medical and
space-aeronautics. The main point in machining
is to obtain maximum amount of production with
low costs and maximum tool life. In doing this,
the effects of cutting conditions affecting
machining on the tool wear and surface
roughness must be analysed to maintain the
surface quality. Cutting forces are one of the
most important variables being directly affected
by any variable created during machining. The
variables affecting the cutting forces are cutting
speed, feed rate, cutting depth, cutting tool
geometry, work piece material, dynamic
characteristics of cutting tool-machine tool
couple, fixing system of work piece, wear
development on the tool cutting surfaces,
temperature and vibration. The cutting forces
affecting the tool are the important source of
information for the condition of tool. This
information can be used for the understanding of
machinability, tool wear, tool breakdown,
chattering and surface integrity [1].

In the machining sector, several processes are
carried out to make production with minimum
fault and to use the time economically. Milling is
one of these processes. Milling is one of the most
important machining processes and comprises
approximately 25% of the machining processes
and 20% of the time spent in the machining
processes with cutting tools [2]. Surface
roughness is the most significant measure
specifying the surface quality of the machined
parts in the milling processes and depends
generally on the result of machining conditions
such as tool geometry and cutting conditions.
Whereas the cutting forces created during
machining, changes the tool-piece position with
their effects on the tool and piece and affect the
machining quality. In literature there are many
studies about surface roughness, cooling in

machinability, metal cutting temperature, tool
wear, Taguchi method based oprimization,
machinability, turning, milling, hard machining
cryogenic process and cutting forces [3-25] but
there is no study on a research on performances
of the reusing of sharpened end mills.

In the machine manufacturing, to minimize the
cutting tool cost and to obtain a maximum tool
life, the cutting tool must be used with the
machining parameters having the most efficient
working conditions [18]. All of the cutting tools
are worn during machining and this wearing
goes on till the end of cutting tool life [26]. The
breakdown of cutting tool tip is a very
complicated formation due to the effects of
different wear mechanisms at the same time
[27]. In the recent years owing to "sustainable
machining" concept, reuse of cutting tools which
complete their life by re-sharpening and coating
processes (reconditioning) to decrease the
sustainable environment and production input
costs is at issue. In the global market, a lot of
cutting tool manufacturer makes re-sharpening
and have a tendency of expansion. In the same
way, even the smaller manufacturers re-sharpen
their worn tools with low-cost sharpening
devices providing their reuse. Although these
companies guaranty the performance of these
re-sharpened tools, there is no such study in
literature verifying the performance of re-
sharpened tools with respect to the original
ones.

In this study, slot milling was applied to two
different materials by using different cutting
parameters. The purpose of this study is to
compare the machining performances of re-
sharpened end mills with the performances of
new tools experimentally. In the study, the slot
milling performances of two different tool
materials (HSS and cementite carbide) having
two different diameters (@5 and @8 mm) on the
two different work pieces (AISI 1050 and AISI D2
) were evaluated on the basis of cutting forces,
surface roughness and tool wear.
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2. Experimental Studies

Flow chart of the study is shown in Figure 1.
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Figure 1. Flow chart of

2.1. Material and equipment used in the
experimental studies

In the study according to the advice of the tool
manufacturing firms, under the specified
machining conditions, the results obtained with
the new tools and the sharpened tools after
subjecting to the same processes were examined
by making comparisons. In the experimental
studies, machining was made on the AISI 1050
manufacturing steel with HSS end mills having
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two different diameters (@5-@8), and another
machining was made on the AISI D2 cold work
tool steel with carbide mills of #5-@8 diameter.
The material, equipment, machining parameters,
tool machine are given below.

The chemical composition of AISI 1050
manufacturing steel and AISI D2 cold work tool
steel test samples are given in Table.1. Test
variables used in the experimental studies are
given in Table.2.
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Table 1. Chemical composition of test samples (% max.)

Material C Si Mn P S Cr Ni Mo Fe
AISI 1050 0,533 0,293 10,883 0,033 0,012 0,255 0,183 0,098 Other
AISI D2 1,003 0,134 0,271 - - 11,88 0.193 0.693 Other

Table 2. Experimental variables

Cutting condition

Parameter/Characteristic

Cutting tool diameter (mm)

Tool material

@5 - @8, four flute

HSS (DIN844/2-1981)

Cementite carbide (97408064)

Cutting speed (m/min)
Feed rate (mm/tooth)
Cutting depth (mm)
Cutting length (mm) 150 mm
Number of cutting teeth (item) 4

Material hardness (HRc) AISI 1050 (C45) 18

Material hardness (HRc) AISI D2 (2080) 23

45-56.25-72-90

0.025-0.03125-0.04-0.05

0.75-0.93-1.20-1.50

Machining processes were made at CNC
JOHNSFORD VMC-550 vertical machining center
which has FANUC control unit that can make
linear and circular interpolation in three axes
and also programmable in ISO format in metric
and inch units. The force data obtained from the
tests was taken during machining of the test
pieces on the dynamometer connected to the test
setup shown in Figure 1. During and after the
tests, the apparatus/equipment used for
taking/measuring of the cutting force data and
characteristics are given in Table.3. In measuring
the surface roughness values, average surface
roughness value Ra was taken into
consideration. Surface roughness values were
measured by using MAHR-Perthometer-M1
portable surface roughness device. The surface
roughness measurements were made as to be
perpendicular to the workpiece edge at a
sampling length of 4 mm from the start and end
point of the milled surface (Figure 2). In this
study, the average of these two measurements
was used.

Figure 2. Surface roughness measurement
locations

In this study, cutting forces were measured using
Kistler 9257B model dynamometer. The
experimental setup used for cutting force
measurement is shown in Figure 3 and the
technical characteristics of the dynamometer are
given in Table 3.
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Figure 3. Experimental setup for cutting force
measuring

Table 3. Cutting force measuring
device/equipment and characteristics

Device Characteristic
Dynamometer Kistler 9257B (Fx, Fy, Fz, +4
y kN, size: 170x100x60mm)

Amplifier Kistler 5070A (obtaining

data from 8 channels, +10V)

CIO DAS 1602/12 Kart (8
analog channel, 1.25-2.5-
510V measurement
interval)

Data reading card

Software Dynoware

The force data obtained from the experiments
were measured during the processing of the test
pieces connected to the dynamometer. Force
graphs were generated for each experiment to
determine the resultant force of Fx and Fy. For
the Fx and Fy components, the average value
range was selected from the graph between the
input and output and the Fx and Fy components
were found. Then the calculated cutting forces of
Fx and Fy components were calculated.

HSS and carbide end mills used for the
evaluation of the performance of new tools were
sharpened with the end mill sharpening machine
as shown in Figure 4. Sharpening processes were
applied to the face of the cutting tool and after
sharpening, tool angles were checked and no
changes were observed.

Sharpening
_* chamber

Resistant
' structure

. Sharpening
adjustment
rod

Channel
end stoper.
Channel end
stoper socket ©
for measuring
the parallelism
of the mill with
holder unit

Figure 4. End mill sharpening machine (Vertex
catalog)

For the sharpening process, a Vertex VEG-13A
end mill sharpening machine with a sharpening
diameter of #4~@13 mm, power of 450 W and
speed of 6000 rpm was utilized (Figure 4). From
the other side, Dino-Lite Pro2 polarized
microscope was used for flank wear images of
cutting tool. Images were taken at 47.5x
magnification and measurements were made
with DinoCapture 2.0 software. An exemplary
worn tool image is shown in Figure 5.

E‘Tgure 5. Example of a worn end mill
(Magnification: 47.5x)

Slot milling process was carried out on the
material with cutting tools. Slot milling is made
side by side on each piece

2.2 Taguchi experimental design

In the experimental studies, Taguchi Li¢ (43x 21)
orthogonal test design was used by specifying
suitable factors and levels for the cutting
parameters. In Table 4 the obtained
experimental factors and levels are given. In
Table 5 Taguchi Lis (43 x 21) orthogonal test
design is given.
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Table 4. Experimental factors and levels for HSS and carbide cutting tools

Levels
Symbol Cutting parameters

1 2 3 4

A Cutting tool diameter g5 @8 : )
(mm)

B Cutting depth (mm) 0,75 0,93 1,20 1,50
C Cutting speed (m/min) 45 56,25 72 90
D Feed rate (mm/tooth) 0,025 0,03125 0,04 0,05

Table 5. Taguchi Lis experimental design for the HSS and carbide cutting tools

ExPe;i)mem A B C D A B c D
1 11 1 1 @5 0,75 45 0,025
2 1 2 1 2 g5 0,93 45 0,03125
3 2 3 1 3 8 1,2 45 0,04
4 2 4 1 4 8 15 45 0,05
5 2 2 2 1 g8 0,93 5625 0,025
6 2 1 2 2 8 0,75 5625  0,03125
7 1 4 2 3 @5 15 5625 0,04
8 1 3 2 4 @5 1,2 5625 0,05
9 1 3 3 1 @5 1,2 72 0,025
10 1 4 3 2 @5 15 72 0,03125
11 2 1 3 3 @8 0,75 72 0,04
12 2 2 3 4 @8 0,93 72 0,05
13 2 4 4 1 g8 15 90 0,025
14 2 3 4 2 @8 1,2 90 0,03125
15 1 2 4 3 @5 0,93 90 0,04
16 1 1 4 4 @5 0,75 90 0,05

3. Experimental Results and Discussion

3.1 Evaluation of machining performances of
new and re-sharpened HSS tools

The data obtained from the machining tests

made

with  HSS

tools was evaluated
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comparatively by considering the
cutting force, surface roughness and tool wear
for the new and re-sharpened tools.

resultant
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3.1.1 Cutting force

In the machining tests with a new HSS tool, the
changes in the resultant forces created during
machining depending on cutting speed, feed rate
and cutting depth are shown in the graphs of
Figure 6 comparatively with the results obtained
with a re-sharpened HSS tool.
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Figure 6. Cutting speed of the resultant force
created in machining with HSS tools (a), Feed
rate (b) and their variations depending on
cutting depth (c).

When the trend of new tool from the graphs in
Figure 6 is evaluated it is seen that the resultant
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force has a tendency to decrease with an
increase in cutting speed up to 72 m/min. This is
parallel to literature and is an expected situation
and with the increasing cutting speed, the high
temperature in the cutting zone is attributed to
the easiness of the deformation by assuming that
nearly all of the spent energy is converted to heat
energy [4, 28]. With the increase of cutting speed
from 72 m/min to 90m/min, there is a rapid
tendency to increase in the resultant cutting
speed. This is attributed to the highest average
wear (0,662 mm) reached in the cutting tool for
this speed. The amount of wearing observed on
the tool at this cutting speed was approximately
1,8 times more than the wear amount observed
at the other speeds. It is thought that with the
increasing wearing, the increased frictional
forces become effective on the resultant forces
causing the forces to increase [29]. In the re-
sharpened HSS tools, the variation in the cutting
forces depending on the cutting speed exhibited
a different tendency than the results obtained
with the new tools, (Figure 6a). At the lowest
cutting speed (45 m/min), while the cutting
forces came out to be same for both of the two
tools, the decreasing tendency in the cutting
tools with the increasing cutting speeds was not
observed in the re-sharpened tool and the
resultant force almost remained constant 140 N.
At low feed rates, longer contact of cutting tool
with work piece and increase of heat transfer to
tool depending on time caused adverse effects on
the cutting tool [28, 29]. This situation which
was resulted with the increased cutting speeds
in both new and re-sharpened tools shows the
drawbacks of working at lower speeds once
more. The expected decreasing tendency in the
cutting forces with the increasing cutting speed
was not observed and observation of
approximately 1,4 times more cutting forces
with respect to new tool was attributed to the
deviations from ideal geometry after sharpening
and increased friction depending on the burrs
formed at the re-sharpened sides of the tool. The
most remarkable result in the re-sharpened
tools was observed at 90 m/min and at this
speed the cutting force started to decrease and
approached the cutting force value of new tool.
This situation was commented as the Indication
of self-sharpening ability which is desired in the
multi point tools such as end mill. With the
increasing cutting speed during machining, as a
result of the ability of the tool to renew itself and
removal of burrs created after sharpening, an
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ideal (new) geometry is reached and almost
nearly the same results of a new cutting tool is
obtained. This puts forward the fact that when
working with re-sharpened tools, increasing of
the desired starting speeds can cause more
favorable results.

For both of the two tools there Is a tendency to
increase in the resultant forces with the
increasing feed rates (Figure 6b). This is a
completely expected situation. Basically, the
most important component forming the cutting
force is chip section area and increasing feed
rates cause the cutting forces to increase parallel
to the increase in the chip section area [4, 28].
The tendency of this increase in the re-
sharpened tools was (0,03125 and 0,04
mm/tooth) at the medium feed rates and 125% -
135% higher with respect to new tools. This can
be explained as in the variations depending on
cutting speed. After sharpening, deviations from
ideal geometry with respect to new tool reflected
to the increases in feed rate and cutting forces.
Depending on the increase in the highest feed
rate (0,05 mm/tooth) for the re-sharpened tools
the increasing tendency in the cutting forces
changed again to decreasing tendency and this
was evaluated as the indication of the ability of
the tool to renew itself. When this tendency
similar to the one in the cutting speed is
considered, it is recommended for the re-
sharpened tools to use cutting speed-higher feed
rate combinations.

In both of the new and re-sharpened tools the
increasing cutting forces (Figure 6c) depending
on the increasing cutting depth can be explained
similar to the effect of feed rate on the cutting
forces. The chip section area depending on the
increasing cutting depth is the main cause of
increase in the cutting forces [4]. For the first
three cutting depths (0,75-0,93-1,2 mm) ,the
cutting forces observed in the new and re-
sharpened tools came out to be close to each
other and this shows that the cutting depth after
sharpening has no adverse effect. However, at
the highest cutting depth (1,5 mm), the resultant
cutting force (225,633 N) observed with the re-
sharpened tool was approximately 1,62 times
higher than the resultant cutting force (139,142
N) observed with the new tool. This result, unlike
the sayings on cutting speed and feed rate, puts
forward the need to work with the re-sharpened
tools with rather lower cutting depth.

3.1.2 Average surface roughness

In the machining tests with a new HSS tool,
cutting speed, feed rate and variations of average
surface roughness (Ra) in the work piece
depending on the variations in cutting depth
were compared with the results obtained with
a re-sharpened tool and are given in graphs in
Figure 7.
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Figure 7. Variations of average surface
roughness created by machining using HSS tools
depending on cutting speed (a), feed rate (b),
and cutting depth (c)

It is known that surface quality gets better with
the increase in cutting speed [30]. With the
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increasing cutting speed parallel to the
increasing heat in the cutting zone makes the
deformation easier and the surface quality is
affected favorably. This was observed in the tests
for both re-sharpened and new tools except the
highest cutting speed (Figure 7a). At the 90
m/min cutting speed the increased wear for the
new tool reflected to surface quality adversely as
in the cutting forces. Whereas on the re-
sharpened tools a favorable progress was
observed. With the increasing cutting speed,
ability of the geometry after sharpening to renew
itself was more effective and unlike the new tool
caused to obtain favorable results on the average
surface roughness. This remarkable result, as in
the cutting forces, shows that working with re-
sharpened tools at high speeds will be more
effective from the point of surface quality.

Itis known that feed rate is one of the most
effective parameters on the surface quality (from
the equation Rmax = (f/ 8.r) x 1000), and also
surface roughness increases with the increasing
feed rate values [28, 30]. Results obtained from
the experimental studies verify this situation
(Figure 7b). For both of the new and re-
sharpened tools, depending on the increasing
feed rates a worsening was observed in the
surface quality. The results of this study showed
that the surface quality obtained with the re-
sharpened tools was a bit better than the surface
quality with new tools. While the average surface
roughness values obtained with new tools were
in the interval of 1,758 um - 1,814 um, in the re-
sharpened tools it was 1,377 pm -1,487 pm.
Depending on this relative improvement it can
be said that the re-sharpening processes caused
negativeness from the point of surface quality.

In Figure 7c variation in the surface quality
depending on the cutting depth is given. The
variation observed for both tools is in the same
tendency and shows parallelism. Except 1,2 mm
cutting depth, average surface roughness
increased with the increasing cutting depth.
Depending on the working conditions, obtaining
a better surface quality at 1,2 mm cutting depth,
points out that this cutting depth can be used as
an optimum. As in the effect of both cutting speed
and feed rate, obtaining better surface quality in
the re-sharpened tools for cutting depth showed
that sharpening processes had no adverse effect
on the surface quality.
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3.1.3 Tool flank wear

Variations in the tool flank wear amounts
depending on cutting speed, feed rate and
cutting depth are given in the graphs of Figure 7.
When the graphs in Figure 7a Figure 7b are
examined it is seen that wearing tendencies in
the cutting tools have similar tendency with the
graphs showing the variations in the cutting
forces depending on the cutting speed and feed
rate in Figure 6. When the graphs are evaluated
reciprocally it is possible to say that increased
wearing has an adverse effect on the cutting
forces and also the increase in the cutting forces
affects the wearing behaviors adversely. From
the graphs in Figure 8a, b, c it is also observed
that the wear amount in the re-sharpened tools
is higher than in the new tools. It is thought that
this situation is related to how much the first
geometry is obtainable after sharpening.
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Figure 8. Variations of tool flank wear after
machining with HSS tools depending on cutting
speed (a), feed rate (b) and cutting depth (c).
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For the cutting speed, feed rate and cutting depth
parallel to the increasing values from the starting
values the wear behavior did not change
significantly and it is thought that in the
geometry obtained by sharpening there are still
wear marks remained from the previous
wearing rather than the adversely affecting of
the wear by sharpening. Besides, after
sharpening, cleaning was made only with
pressured air and the burrs created with
sharpening could not possibly be cleaned
properly and consequently they might remain
along the cutting side as wear mark.

From the graphs in Figure 8b it is seen that while
the increase in the feed rate has a favorable effect
in the wear behavior the same effect is not seen
in the re-sharpened tool. Since in the wearing
measurements the constant chip volume is taken
into consideration, the possible adverse effect of
increase on the feed rate did not reflect to the
graphs. In the new tools, decreasing tendency in
wearing with the increasing feed rate is
attributed to the contribution of feed to chip
release and consequently to the prevention of
cutting the already cut chips again. As for the re-
sharpened tools, the increasing feed rates
adversely affect the wear behavior. Since the
temperature created during sharpening cannot
be controlled, it is thought that it adversely
affects the tool material and accelerates the
wearing tendency. From the graphs in figure 8c)
it is seen that the cutting depth adversely affects
the wear. This situation is attributed to the
increasing tool-work piece contact duration [18,
28].

3.2 Evaluation of machining performances of
carbide tools

As a result of the machining tests made with
cementite carbide tools the obtained data was
comparatively evaluated for the new and re-
sharpened tools.

3.2.1 Cutting force

In machining with a new cementite carbide tool,
depending on the variation in the cutting speed,
feed rate and cutting depth, the comparison of
the results with re-sharpened carbide tool and
the variation in the resultant force created in
machining is shown in the graphs of Figure 9.
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Figure 9. Variations of resultant force created
by machining with cementite carbide tools
depending on cutting speed (a), feed rate (b)
and cutting depth (c).

When the graph of new tool from Figure 8a is
evaluated, it is seen that the resultant force have
a tendency to decrease with the increasing
cutting speed up to 72 m/min. This situation, as
explained for HSS tools, is in conformity with
literature and is already so expected [4, 28]. A
rapid increasing tendency in the resultant
cutting force is observed with the increasing
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cutting speed from 72 m/min to 90 m/min. This
situation, as observed also in HSS tools was
attributed to the observation of the highest flank
wear (0,360 mm) at this speed. The wear amount
in the tool at this speed was approximately 25%
more with respect to the observed wear amount
at other speeds. It is thought that frictional forces
increase with the increased wear affecting on the
resultant forces causing the force to increase
[29].

In the re-sharpened carbide tools, variation in
the cutting forces depending on the cutting
speed did not exhibit a tendency similar to the
results obtained with the new tools (Figure 9a).
At the lowest cutting speed (45 m/min), the
resultant cutting force created on the re-
sharpened carbide cutting tool increased 30%
times of the resultant cutting force created in the
new cementite carbide tool. A decreasing
tendency was observed in the cutting forces with
the increasing cutting speeds. At lower cutting
speeds, cutting tool and work piece remain
longer in contact and heat transfer to tool
increases depending on time and these affect the
cutting tool adversely [28, 29]. This situation in
which the cutting forces increase in both re-
sharpened and new tools, again as in the HSS
tools, shows once more the drawbacks of
working at lower speeds. The most remarkable
situation in the re-sharpened tools was observed
at 90 m/min cutting speed. At this speed cutting
force has a decreasing tendency and approached
to cutting force observed with the new tool. This
situation was commented as an indication of
ability of self-sharpening desired in the multi
point tools such as end mill. This puts forward
once more that when working with re-
sharpened tools, increasing the wanted starting
speeds a bit more exhibits more favorable
results.

It is seen for both of the tools that there is an
increasing tendency in the resultant cutting
forces with the increasing feed rates (Figure 9b).
This increasing tendency in re-sharpened tools
were higher at the medium feed rates (0,03125
and 0,04 mm/tooth) with respect to the new
tools. This can be explained as in the variations
depending on cutting speed. After sharpening,
deviations from ideal geometry with respect to
the new tool reflected also to the increase
observed in cutting forces with the increasing
feed. Depending on the increase in the highest

feed rate (0,05 mm/thread) for re-sharpened
tools , changing of the cutting forces from
increasing tendency to decreasing tendency
again was evaluated as the indication of ability of
the tool to renew itself. When this tendency
similar to the tendency in the cutting speed was
considered, as advised for the HSS tools, it is
advised to use feed rates having rather high
cutting speed when working with re-sharpened
solid cementite carbide tools as well.

The increasing cutting forces depending on the
increasing cutting depth in both new and re-
sharpened tools (Figure 9c) can be explained
similar to the effect of feed rate on the cutting
forces. Chip section area which is related to the
increasing cutting depth is the main cause of
increase in the cutting forces [28]. The cutting
forces observed in both of the new and re-
sharpened tools for the first three cutting depths
(0,75-0,93-1,2 mm) came out to be close to each
other showing that the cutting depth after
sharpening has not any adverse effect. However
at the higher cutting depth of 1,5 mm, the
resultant cutting force observed with re-
sharpened tool (222,165 N), has become
approximately 10% higher than the resultant
cutting force (201,322 N) observed with the new
tool. This result, unlike the sayings about cutting
speed and feed rate, puts forward the need to
work with re-sharpened tools with rather lower
cutting depth.

3.2.2 Average surface roughness (Ra)

Variations of average surface roughness of the
machined surface depending on the cutting
speed, feed rate and cutting depth are given in
the graphs of Figure.10.

== New Carbide —§—Re-sharpened Carhide

Surface Roughness (um)

P .
Cutting speed (m/min) a
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Figure 10. Variations of average surface
roughness created by machining with cementite
carbide tools depending on cutting speed (a),
feed rate (b) and cutting depth (c).

Improvement of surface quality with the
increasing cutting speed was also stated before
[30]. When the graphs in Figure 10a) are
examined, with the increasing cutting speed
parallel to the increasing heat in the cutting zone,
deformation becomes easier and reflects to
surface quality favorably. This situation was
observed in the tests both for the new and re-
sharpened tools except the highest cutting speed
(90 m/min). At the 90 m/min cutting speed the
wear amount for the new tool, was reflected
adversely to the surface quality as in the cutting
forces. Whereas in the re-sharpened tools a
favorable progress was observed in the surface
quality with a tendency similar to the one in
cutting forces. With the increasing cutting speed,
ability of the geometry to renew itself was more
effective and unlike the new tool, caused to
obtain favorable results on the average surface
roughness. This result, as in the cutting forces,
shows that working with re-sharpened tools at
rather higher speeds will be more effective from
the point of surface quality.

It is known that the feed rate is one of the most
effective parameters on surface quality [28, 30,
31]. The obtained data from the experimental
studies (Figure 10b) proves it. Depending on the
increasing feed rates a worsening was observed
in the surface quality for both of the new and re-
sharpened tools. According to the results from
this study, when the highest average surface
roughness values were compared with respect to
the increasing feed rate it was seen that re-
sharpened carbide cutting tool gave 60% worser
result compared to the new carbide cutting tool.
When the starting and sharpening costs of
carbide tools are considered, especially from the
point of surface quality, using new tools are
advised rather than re-sharpened ones for small
diameter tools. However, for greater diameter
the cost increases and in this case re-sharpening
can be advised with the condition of observing
the variation in surface quality.

Variation in the surface quality depending on the
cutting depth for both of the tools up to 1,2 mm
cutting depths were in the same tendency and
exhibited parallelism (Figure 10c). Depending
on the working conditions, obtaining a better
surface quality at the 1,2 mm cutting depth for
the new carbide tool shows that this cutting
depth can be optimally used. However, while the
average surface roughness value increases in the
new carbide tool at 1,5 mm cutting depth, it
decreases in the re-sharpened carbide tool. This
can be explained in such a way that, carbide tools
are manufactured by powder metallurgy and
after sharpening, getting the ideal smoothness at
the re-sharpened cutting sides is more difficult
compared to HSS tools sharpening.

3.2.3 Tool flank wear

Variations in the tool flank wear amounts
depending on cutting speed, feed rate and
cutting depth are given in Figure 10. When the
graphs in Figure 11a are reciprocally evaluated
it can be said that similar to HSS tools, increased
wearing has an adverse effect on cutting forces
and the increase in the cutting forces causes an
increase in the wearing behaviors. It is seen that
wear amount in the re-sharpened tools is higher
with respect to the new tools. It is thought that
this is related to how much the first geometry is
obtainable after sharpening.

There is not a significant variation in the wear
behavior parallel to the increasing values from
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the starting values for the cutting speed, feed
rate and cutting depth and this may be due to
non-removal of wear marks remained from the
old wear in the geometry obtained by
sharpening rather than the effect of adversely
wearing of sharpening. As was explained
previously, after sharpening, cleaning with only
pressured air shows the possibility that the
burrs created during sharpening may not be
cleaned completely and remain along the cutting
sides as wear marks.
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Figure 11. Variations tool flank wear (VB) after
machining with cementite carbide tools
depending on cutting speed (a), feed rate (b)
and cutting depth (c).

While the increase in feed rate has generally a
favorable effect on wear behavior for the new
tool, the same effect is not observed in the re-
sharpened tool (Figure 11b). In the wear
measurements, since constant chip volumes are
taken into consideration, the possible adverse
effect of increase in the feed rate did not reflect
to the graphs. In the new tools, the decreasing
tendency in wearing with the increasing feed
rate was attributed to the contribution of feed
rate to the chip release and to the prevention of
cutting of the previously cut chips again. As for
the re-sharpened tools, the increased feed rates
affect the wear behavior adversely and when the
average feed rate value (0,04 mm/thread) is
considered, wear amount in the re-sharpened
tools was 60% more than the wear amount in the
new tools. The temperature created after
sharpening cannot be controlled and it is thought
that this temperature affects the tool material
adversely and accelerates the wear tendency.
When the graphs in Figure. 11b are examined,
while the increase in the feed has generally a
favorable effect on wear behavior for the new
tool it is seen that it doesn't have the same effect
in the re-sharpened tool. In the wearing
measurements since the constant chip volume is
taken into consideration, the possible adverse
effect of increasing feed rate on wearing did not
reflect to the graphs. In the new tools, tendency
to decrease in wearing with the increasing feed
rate, was attributed to the contribution of feed
rate to the chip release and consequently to the
prevention of cutting of the already cut chips
again. As for the re-sharpened tools it is
considered that the increased feed rates
adversely affect the wear behavior and When the
average feed rate value is taken as (0,04
mm/thread) it is seen that the wear amount in
the re-sharpened tools is approximately 1,6
times the wear amount in the new tool. When the
graph in Figure 11c is examined, it is seen that
the depth of cut affects the wear negatively. This
situation is attributed to the increased length of
the tool-work piece contact area [19, 28].

4. Conclusion

In this study, performances of reused HSS and
solid Cementite Carbide End Mills by re-
sharpening was investigated. The results
obtained in the study are summarized below:

- As a result of the machining tests made with
HSS and solid cementite carbide cutting
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tools, depending on the increase in the
cutting speed, a decreasing tendency in the
resultant cutting force was observed
expectedly in the new tools up to 90 m/min
and at 90 m/ min cutting speed cutting forces
had a tendency to decrease again. This
increase was attributed to the higher flank
wear measured in both types of the new
tools.

In the re-sharpened HSS and carbide cutting
tools, the increase in the cutting speed was
less effective on the resultant cutting forces
compared to new tools. The most remarkable
result was obtained in the new tools at the
90m/min cutting speed when the greatest
resultant force has been observed. In the re-
sharpened tools, at this speed, unlike the new
tools, cutting forces had the tendency to
decrease at this speed. This situation was
attributed to the increasing ability of the tool
to renew itself after sharpening

When the effect of three cutting parameters
(cutting speed, feed rate and cutting depth)
on the resultant cutting forces is evaluated,
while, with the re-sharpened tools, it is
advised to work with rather high cutting
speed-feed combinations, it is recommended
to keep the cutting depth shorter.

While the increase in the cutting speed had a
favorable effect on the surface quality in all
of the cutting tools whereas in the new
cutting tools at the highest cutting speed of
90m/min, the increasing wear amount
reflected adversely on the surface quality.
Similar to the effect of cutting speed on the
resultant cutting forces, the best surface
quality with the re-sharpened tools was
observed at the highest cutting speed of 90
m/min. This shows that working with the re-
sharpened tools at rather high speeds will
exhibit favorable results on the surface
quality.

The increase in the feed rate affected the
surface quality adversely for all of the tools.
It was attributed to the effects of feed rate on
the surface roughness as known from the
literature.

In general, in the new and re-sharpened
tools, the best surface quality was obtained
at the 1.2 mm cutting depth. It shows that

vibrations created during machining can
be tolerated at this cutting depth.

In the HSS tools, sharpening has no adverse
effect on the surface quality and in general,
exhibits better results with respect to new
tools but the surface roughness obtained
with re-sharpened cementite carbide tools
came out to be higher compared to the new
cutting tools. It was attributed to the higher
ability of HSS tools to renew themselves.

It was observed that wear amounts in the re-
sharpened tools were more than the ones in
the new tools. It was attributed to the fact
that the ideal geometry could not be
completely obtained by sharpening and
there was the adverse effect of burrs after
sharpening.

Since there was not any adverse effect of
sharpening on machining performance in
HSS tools, their usage after sharpening can be
recommended.

For the solid cementite carbide tools; by
considering the relationship of first and after
sharpening costs, while sharpening is
advised especially for small diameter tools
from the point of surface quality (when the
increasing tool cost is considered parallel to
increase in diameter) re-sharpening may be
advised with the condition of observing the
expectations in the surface quality.
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