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ABSTRACT

It was discovered that the machinability of CoCrMo material, which is extensively utilized
in the health-care business as an implant material, may be improved through research.
Three distinct cutting tools and three different cutting speeds were employed in the dry
machining experiment, with three different feed rates being used in combination with three
different cutting speeds (DCMT from two different firms and DCGT inserts). Cutting tools
with a wide range of mechanical qualities based on hardness and toughness are available
on the market today. Throughout machining, the output of a machine is defined as the
average of surface roughness (Ra) and cutting temperature (T), which is estimated as the
result of an experimental research conducted during the machining process. The signal-to-
noise ratio (S / N) recorded during the testing was used to evaluate the results of the tests.
When determining the effect of variables on Ra and T, it was determined that the Analysis
of Variance (ANOVA) technique would be used. With a precision ratio of %61,4 in the
analysis of variance, the feed rate was shown to be the most effective factor on Ra, while the
cutting speed was found to be the most effective factor on cutting temperature (%63,9). The
smallest Ra values were identified when machining at the fastest possible cutting speed and
feed rate, whilst the smallest T values were obtained when machining at the slowest
possible cutting speed and feed rate, respectively.

Biyomedikal Uygulamalarinda Kullanilan CoCrMo
Alasiminin Islenebilirligi: Kesici Takim Tipinin

Incelenmesi

0Z

Saghk sektoriinde implant malzemesi olarak yaygin olarak kullanilan CoCrMo
malzemesinin iglenebilirliginin arastirma yoluyla gelistirilebilecegi kesfedilmistir. Ug farkh
kesme hiz1 (iki farkl firmadan DCMT ve DCGT Kkesici uglar) ile birlikte {i¢ farkl ilerleme
hizinin kullanildig kuru isleme deneyinde ti¢ farkli kesme takimi ve ii¢ farkli kesme hizi
kullanildi. Bugiin piyasada sertlik ve tokluga dayali ¢cok ¢esitli mekanik niteliklere sahip
kesici takimlar mevcuttur. Talash imalat boyunca, bir tezgahin ¢iktisi, isleme prosesi
sirasinda yiiriitillen deneysel bir arastirma sonucunda tahmin edilen yiizey piirtzliligi
(Ra) ve kesme sicakliginin (T) ortalamasi olarak tanimlanir. Testlerin sonuglarini
degerlendirmek i¢in test sirasinda kaydedilen sinyal-giiriiltii oran1 (S/N) kullanilmistir.
Degiskenlerin Ra ve T tlizerindeki etkisi belirlenirken Varyans Analizi (ANOVA) tekniginin
kullanilacag belirlenmistir. Varyans analizinde %61,4 katki orani ile Ra iizerinde en etkili
faktor ilerleme orani gosterilirken, kesme sicakligi tizerinde en etkili faktor kesme hizi
(%63,9) olarak bulunmustir. En kii¢iik Ra degerleri, miimkiin olan en hizli kesme hizi ve

ilerleme hizinda belirlenirken, en kii¢iik T degerleri, miimkiin olan en diisiik kesme hizi ve
ilerleme hizinda isleme yapildiginda elde edilmistir.
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1. Introduction

CoCrMo-based alloys used as prosthesis and implant materials are among the most important
biomaterials used in medical applications [1]. Cobalt is used as an alloying element in many fields.
Cobalt alloys are generally used between 650-1150 ° C. Cobalt alloys are similar in chemical structure
to the stainless steel group [2]. Cobalt alloys have been used medically in dental implants obtained by
the first casting method. Co-Cr consists of 65% of these alloys. Cr increases the corrosion resistance by
forming protecting oxide layers on the surfaces of the alloy while Molybdenum enhances the
mechanical behavior by supporting a thin structure [3,4].

CoCrMo alloys are used in the production of the hip, knee, elbow prostheses and bone plates, screws,
and rods where the loading is high owing to their excellent corrosion and abrasion resistance, superior
mechanical properties, and also in the production of air-jet engines, gas turbines and turbochargers,
etc. due to their re-sistance to heat. By providing the surface roughness in the desired range of values,
it increases the fatigue, fracture and corrosion resistance of the material as well as providing a better
appearance. Today, surface roughness is one of the most significant factors in products processed by
machining [5,6]. The range of surface roughness relates to the final product function where it will be
used. In machining, the material structure, pro-cessing conditions and method are factors that affect
the surface roughness [7-10]. Briefly, it can be described the surface roughness as fluctuations on the
surface of a machined part. As the fluctuation on the surface de-creases, the surface quality of the part
increases inversely [11-15]. Most of the energy required for chip removal turns into heat at the cutting
edge of the cutting tool. A small portion of this heat is transferred from the cutting tool to the uncut
workpiece and this process affects the surface integrity of the machined surface. Most of the heat
transmitted to the workpiece remains in the chip [16] and this process causes an increase in
temperature in the regions close to the cutting tool tip [12,17-19]. Some studies on the machining of
CoCrMo alloys are summarized below. Bahge et al. aimed to improve the surface integrity by using the
turning and grinding of CoCrMo alloy which is a tibial component in a knee prosthesis. Comparing to
the traditional turning and turning-grinding method, the surface roughness values after polishing gave
similar results for the two meth-ods. They found that in the turning-grinding method, there was
approximately a 64% reduction in mi-cropores/cracks and a relatively 31% reduction in
microhardness [20]. Bordin et al. performed a turning pro-cess on CoCrMo alloys produced by Electron
Beam Melting (EBM) method and casting method under mineral oil and water emulsion lubrication
conditions using TiAIN coated tungsten carbide cutting tip. They made tool wear, surface roughness
and microstructure material analysis on these alloys. They reported that CoCrMo alloy produced with
EBM as a result of turning processes is more difficult to process than cast CoCrMo alloy due to its more
abrasive microstructure [21]. Bruschi et al. [ studied the machining properties of CoCrMo alloy (ASTM
F1537). They carried out the experiments in different parameters of cutting speed and feed amounts
in wet (lubricant) conditions. They investigated tool wear, surfaces integrity, microhardness and
microstructure properties. According to the testing, cutting speed has no impact on the hardness of the
machined surface but feed rate has an impact on tool wear and tool wear [22]. Karpuschewski et al.
investigated the machinability of CoCrMo alloy during the turning process without coolant lubricant
using three different ceramic cutting tools with different cutting edges. They observed that the tool life
is better when the chamfer angle is small and the rake angle is large in cutting tools with two different
chamfer angles and rake angle [23]. Shokrani et al. investigated tool wear and surface roughness in the
machining of Co-Cr alloys in cryogenic cooling (-197 °C) environment. As a result of the experiments,
it was observed that cryogenic cooling is better than Minimum Quantity Lubrication (MQL) based on
the surface quality. They also observed minimum crater wear on cutting tools used in the cryogenic
process [24]. Pawade et al. evaluated the cutting force components generated from the precision
turning of CoCrMo alloy using different cutting parameters in different environments. They discovered
that the feed force in dry machining is less than other forces, but the primary cutting force in wet
machining is bigger than the other force components, according to their findings. The researchers also
tested other types of cutting tools for surface integrity. They found that CBN cutting tools produced
superior surface quality when compared to ceramic, carbide, and diamond cutting tools [25].
Dijmarescu et al. developed a model that demonstrates the relationship between cutting parameters
(Fp, Ff and Fc) for the dry turning process of CoCrMo alloy. They emphasized that the model is
acceptable since the deviation is 1.179% [26]. Karpuschewski et al. investigated the tool life, process
forces and surface integrity of CoCr alloy using different cooling systems with ceramic insert. In the
experiments, they performed processing experiments using dry and compressed air and three different
cooling oils (kozla oil, emulsion and MQL). The minimum surface layer was formed by full jet cooled
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emulsion and dry processing. In addition, they reported that low strength and low wear were caused
by the MQL method [27].

When machining CoCrMo alloys under different cutting conditions, according to literature research,
the surface quality and cutting forces have been taken into consideration, which is a good thing.
However, in the machining of CoCrMo alloys, the cutting temperatures that have the greatest impact
on tool wear have not been very noticeable. As a result, the objective of this work was to experimentally

investigate the surface quality and cutting temperature of CoCrMo-based alloys that are utilized as
prosthetic and implant materials.

2. Materials and Methods
2.1. Materials

The commercial CoCrMo alloy, which is widely used in knee implants and produced by casting method
by Pasific medical, was used as a workpiece in turning experiments. No heat treatment has been applied
to the workpiece. An original knee implant used in surgical operations was used as a workpiece

material in this study as shown in Fig.1a.
¥
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Figure 1. Test sample (Tibial component)

In the experiments, a total of three cutting tools were used: the cutting tool in DCMT form according to
ISO produced by X (Fig.1b) and Y (Fig.1c) companies, and the cutting tools in DCGT (grinded tip) form
belonging to Y company (Fig.1c). The cutting tools are TiAIN-based PVD coating with high-temperature
hardness resistance. Also, SDJCR / L tool holder (Fig.1d) is used to connect the cutting tools to the lathe.
The chemical compositions and mechanical properties of the sample are given in Table.1 During
turning, temperature measurements were made with the OPTRIS PI 456 Thermal camera (OPTRIS,
Berlin, Germany). In addition, Marh brand MarSurf M 300 type surface roughness measuring device
was used in measuring the surface roughness.

Table 1. Chemical composition [28] and Mechanical properties [29] of CoCrMo alloy

Cr(27-30%) Mo(5-7%) 02(<0.1%) Fe(<0.75%) Mg(<1.0%)
W(<0.2%) Si(<1.0%) Ni(<0.5%) Al(<0.1%) Co(Balanced)
Tensile strength Yield strength Elongation Hardness Elastic Modulus
(MPa) (MPa) (%) (HV) (GPa
1263-1275 898-908 23-25 350 240-300 [3]

2.2. Tests and Measurements

Machining tests were performed on a HAAS ST-20Y CNC lathe (HAAS, Germany) with a maximum speed
of 4000rpm. Therefore, suitable spindle speeds were obtained via a spindle speeder. Surface roughness
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measurements as seen in Figure 2 were performed via Mahr Perthometer M300 portable measuring
instrument by dividing the tibial component into 3 different regions. Roughness values were measured
around the circular rings formed towards the machining center. Three measurements were taken from
each of the 3 circular re-gions created to increase the stability of the measurement results and
averaged. Due to the diameter difference and groove in the workpiece geometry, discontinuous turning
occurs in the 1st and 2nd regions while contin-uous turning is performed in the 3rd region. Motion
length (Lt) was setat 1.75 mm, and wavelength was adjusted at 0.8 mm in the Marsurf M300 measuring
instrument for surface roughness measurements It was determined by averaging variances in
roughness profile on machined surfaces according to the ISO 4287 standard. The measurement of
surface roughness was performed on the machined surface by three repetitions and then taken the
average of these repetitions. The experimental setup where turning tests are carried out is shown in
Figure 3.

’,"
“nd
section/

1th
/. sectiol
/

e

section

Figure 2. Surface roughness measurement

During turning, the temperature at the tool-workpiece zone was constantly measured using an OPTRIS
PI 450 infrared (IR) thermal camera. The IR camera can measure temperatures up to 900 ° C, it has a
7.5-13 pm spec-tral range, 40mK thermal sensitivity and 382x288 pixel resolution.

Fixture

Workpiece

Surface Roughness
Measurement

Figure 3. Experimental setup and schematic diagram

2.3. Design of Experiments

Taguchi optimization is a method based on testing many factors with the least factor with orthogonal
arrays defined in the experimental design created. Orthogonal arrays are determined in two or three
stages according to the nature of the problem. Taguchi L27 full factorial array was used in this study.
S/N ratio is determined differently to determine the best value in experiment design. In the study, the
smaller-better ratio was preferred among the S/N ratios. The equation of the chosen ratio is given
below, and in the equation, Y represents the quality variable. The cutting parameters and their levels
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are given in Table 2. The full Taguchi L27 array is given in Table 3.

The smaller-The better

S/Nratio = —10+*log(2(1/Y2)/n) (1)
Table 2. Parameters and levels for experimental turning
Symbols Factors Level 1 Level 2 Level 3
T Cutting Tool DCMT DCMT DCGT
(X Companies) (Y Companies) (Y Companies)
\ Cutting speed (m/min) 40 60 80
f Feed rate (mm/rev) 0.05 0.075 0.1
a Deep of cut (mm) 0.1 0.1 0.1

Table 3. Taguchi L27 array

Exp. Code Cutting Tool Code Cutting Code Feed Rate
No Speed (mm/rev)
(m/min)
1 T1 X Comp. V1 40 f1 0.05
2 T1 X Comp. V1 40 f2 0.075
3 T1 X Comp. Vi 40 3 0.10
4 T1 X Comp. V2 60 f1 0.05
5 T1 X Comp. V2 60 f2 0.075
6 T1 X Comp. V2 60 f3 0.10
7 T1 X Comp. V3 80 f1 0.05
8 T1 X Comp. V3 80 f2 0.075
9 T1 X Comp. V3 80 f3 0.10
10 T2 Y Comp. Vi 40 f1 0.05
11 T2 Y Comp. V1 40 f2 0.075
12 T2 Y Comp. A4t 40 3 0.10
13 T2 Y Comp. V2 60 f1 0.05
14 T2 Y Comp. V2 60 f2 0.075
15 T2 Y Comp. V2 60 f3 0.10
16 T2 Y Comp. V3 80 f1 0.05
17 T2 Y Comp. V3 80 f2 0.075
18 T2 Y Comp. V3 80 f3 0.10
19 T3 Y Comp. V1 40 f1 0.05
20 T3 Y Comp. V1 40 f2 0.075
21 T3 Y Comp. V1 40 f3 0.10
22 T3 Y Comp. V2 60 f1 0.05
23 T3 Y Comp. V2 60 f2 0.075
24 T3 Y Comp. V2 60 f3 0.10
25 T3 Y Comp. V3 80 f1 0.05
26 T3 Y Comp. V3 80 f2 0.075
27 T3 Y Comp. V3 80 f3 0.10

3. Results and Discussion

3.1. Analysis of S/N ratios

Ra is shown as one of the most critical parameters as machinability output in machining operations
[31,32]. In addition, the temperature that occurs in the cutting region during machining is another
considerable parameter affecting surface quality and the tool performance [33,34]. For this reason,
optimizing the surface roughness and temperature generated during the machining process is very
important for machinability efficiency. Turning performance tests were completed based on Taguchi's
L27 full factorial design using cutting tool, cutting speed and feed rate control factors. Table 4 gives the
Ra and T outputs obtained as a result of the experiments and the S / N ratios obtained from the analysis
result. The smallest-best approximation was used to obtain S / N ratios by using Equation 1.
Consequently, the average surface roughness (Ra) value was obtained as 0.680 pm and the average S /
N ratio as 3.68 dB. For the cutting temperature, the average temperature (T) value was 199 °C and the
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average S / N ratio was -45.88 dB.

Table 4. Experiment results (Raand T) and S / N ratios

Exp. Cutting Cutting Feed Rate Surface Roughness Surface Average Temperature
No Tool Speed (mm/rev) Ra (upm) Ropughness Temperature S/N
(m/min) S/N (°Q) (dB)
1 T1 V1 f1 0.597 4.480513 152 -43.6369
2 T1 V1 ” 0.792 2.025496 168 -44.5062
3 T1 V1 3 1.131 -1.06925 180 -45.1055
4 T1 V2 f1 0.494 6.125461 175 -44.8608
5 T1 V2 2 0.718 2.877511 191 -45.6207
6 T1 \'%) 3 0.904 0.876631 202 -46.107
7 T1 V3 1 0.455 6.839772 218 -46.7691
8 T1 V3 2 0.599 4.451464 235 -47.4214
9 T1 V3 3 0.774 2.225181 251 -47.9935
10 T2 V1 f1 0.612 4.264972 160 -44.0824
11 T2 V1 ” 0.773 2.23641 191 -45.6207
12 T2 V1 3 1.168 -1.34886 198 -45.9333
13 T2 V2 f1 0.518 5.713405 203 -46.1499
14 T2 V2 ” 0.755 2.441061 225 -47.0437
15 T2 V2 3 0.948 0.463833 234 -47.3843
16 T2 V3 f 0.486 6.267275 235 -47.4214
17 T2 V3 2 0.615 4.222498 249 -47.924
18 T2 V3 3 0.793 2.014536 265 -48.4649
19 T3 V1 f1 0.513 5.797653 138 -42.7976
20 T3 V1 ” 0.601 4422511 149 -43.4637
21 T3 V1 3 0.929 0.639686 160 -44.0824
22 T3 V2 f1 0.453 6.878036 157 -43.918
23 T3 V2 2 0.537 5.400514 201 -46.0639
24 T3 V2 3 0.684 3.298878 213 -46.5676
25 T3 V3 f1 0.408 7.786797 196 -45.8451
26 T3 V3 2 0.511 5.831582 214 -46.6083
27 T3 V3 3 0.607 4336226 236 -47.4582

The S/N analysis table created with the Taguchi method is given in Table 5. According to the S / N
response table, the bestlevel was found according to the smallest S / N ratio within each control factor's
levels. Accordingly, the control factors and levels for the lowest Ra (surface roughness) value were
determined as T3V3f1 and for T (temperature), T3V1f1.

Table 5. S/N responses for surface roughness Ra and cutting temperature T

Surface roughness (Ra) Cutting temperature (T)
Levels T \' f T \'
1 0,7182 0,7907 0,5040 196,9 166,2 181,6
2 0,7409 0,6679 0,6557 217,8 200,1 202,6
3 0,5826 0,5831 0,8820 184,9 233,2 2154
Delta 0,1583 0,2076 0,3780 32,9 67,0 339
The order of 3 2 1 3 1 2

importance
*Data shown in bold are optimum conditions.

S/N ratios for Ra and T are given in Figures 4a and 4b, respectively. The levels with the smallest S/N
ratios are seen in the graphs as the optimum level. Considering the smallest S/N ratios, the optimum
Ra value is achieved with the DCGT (T3) tool at V3 and f1. Considering the smallest S/N ratio, it is seen
that the DCGT (T3) tool, V1 and f1 are the ideal values for the T value. The graphic trends also give an
idea about the effect levels of the factors. The most important factors are the feed rate and the cutting
speed for the Ra and T, respectively based on Fig. 4a and 4b.
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Figure 4. Main effect plots of S / N ratios for (a) Surface roughness Ra, (b) Temperature T

3.2. Analysis of Variance (ANOVA)

The influence of cutting parameters on Ra and T was determined using an ANOVA with a 95 percent
confidence interval. Using the chart's contribution rates, you can see how much of an impact the control
factor has on output. Analysis findings for the Ra and T variances may be seen in Table 6.

Table 6. ANOVA analysis results for Raand T

Degree of  Sum-of- Percentage

Freedom Squares Mean-Square (MS) F ratio P value Contribution
Factor (DF) (SS) Ratio (PCR%)

Ra T Ra T Ra T Ra T Ra T Ra T
T 2 2 0.13197 6.3373 0.065983 3.1686 178.80 50.21 0.000 0.000 12.44 15.8
v 2 2 0.19602 25.6209 0.098011 12.8104 265.59 202.97 0.000 0.000 18.47 63.9
f 2 2 0.65134 6.7545 0.325670 3.3772 882.51 53.51 0.000 0.000 61.4 16.84
TV 4 4 0.00418 0.5545 0.001045 0.1386 2.83 2.20 0.098 0.160 0.39 1.38
T*f 4 4 0.02153 0.1521 0.005383 0.0380 14.59 0.60 0.001 0.672 2.02 0.37
v*f 4 4 0.05281 0.1656 0.013203 0.0414 35.78 0.66 0.000 0.639 4.97 0.41
Error 8 8 0.00295 0.5049 0.000369  0.0631 - - - - 0.27 1.25
Total 26 26 1.06080 40.0897 - - - - - - %100 %100

Ra T
R2
99.72 98.74
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Considering the data in Table 6, it has been determined that the most efficient factor for Ra is the f (feed
rate) with 61.4% PCR. The most effective factors in the second and third place are the V (cutting speed)
and the T (cutting tool) with 18.42% and 12.44% PCR, respectively. According to Table 6, the most
influential factor on the cutting temperature with 63.9% PCR is the V (cutting speed), followed by the
f (feed rate) and the T (cutting tool) with 16.84% and 15.8% PCR, respectively.

3.3. Evaluation of Ra

In the performance experiments, the influence of the parameters (cutting speed and feed rate) on Ra
for each tool is given in the graphics in Figure 5. If Figure 5a is examined for the T1 cutting too], it is
seen that it gives the best Ra value (0.455 pm) at V3 and f1. The highest value in terms of Ra was found
as 1.131 um at V3 and f2. When the Ra graphs for the tools are evaluated, the Ra value decreases
inversely by increasing cutting speed. Better surface quality is obtained with the increasing cutting
speed in machining as known. The reason for this can be explained by the decrease in friction due to
the decrease in the tool chip interface by the increasing cutting speed and the increasing temperature
decreases the materials strength [35,36]. In addition, when the graphs were examined, it is obvious
that the Ra value increased with the increasing feed rate. During the machining process, the feed rate
directly affects the cross-section of the chip that the cutting tool removes per unit time. With the
increasing feed rate, the chip cross-section area increases and the slip plane in the first deformation
zone increase with the increasing chip cross-section, more force is required for the cutting process and
the cutting process becomes more difficult [37].

In the literature, the Ra value increases with the increasing feed rate [22,38-40]. This situation confirms
that the most effective factor obtained in the variance analysis is the feed rate with 61.4% PCR. When
Figure 5b is examined for T2 cutting tool, it is seen that there is no significant difference in terms of Ra
values with T1 cutting tool with the same form. The lowest Ra value is 0.486 pm at V3 and f1. The
highest Ra value is 1.168um at V1 and f2.
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Figure 5. Surface roughness variation for (a) T1 (b) T2 (c) T3 cutting tools ((a) T1 (b) T2 (c) T3)

It is known that the area between the cutting tool/workpiece surface decreases with the increase of
the rake angle in machining, so the friction is less and the cutting process is easier [41,42], Since the T3
cutting tool with a grinded tip is larger than the other T1 and T2 cutting tools used, better surface
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qualities have been obtained. This statement is frequently encountered in studies in the literature
[42,43]. When Figure 5c is examined for the T3 cutting tool, the best surface roughness value is 0.408
pum at V3 and f1. The highest Ra value was obtained as 0.929um at V1 and f2. From Figure 7.5, the most
effective parameter in the T3 cutting tool is the feed rate. Figure 5 confirms that according to the S/N
table, the best result for the surface roughness value will be obtained with the T3 cutting tool.
Consequently, the better Ra values will be acquired by using the tip ground cutting tools.

3.4. Evaluation of Temperature

In the machining process, the temperature caused by friction between the surface and the tool reduces
the machining quality by penetrating (sticking) to the surface more than necessary if the temperature
is higher than desired [43]. This situation makes the cutting temperature one of the very important
parameters for a required cutting process. The effect of cutting parameters on T for each tool in
performance experiments is given in the graphics in Figure 6. When Figure 6a is examined for the T1
cutting tool, the lowest cutting temperature is obtained as 152 ° C at V1 and f2. While chip removal is
taking place, the cutting tool and workpiece's contact area grows. In other words, as the area of contact
between the cutting tool and the workpiece grows, so does the cutting temperature. Figure 6a
demonstrates that cutting speed does not cause a significant rise in temperature. However, with the
increase in the feed, the cutting temperature increased proportionally. This situation confirms that
based on the ANOVA results, the parameter that has the highest effect on the cutting temperature is the
cutting speed with 63.9% PCR. When Figure 6b and 6c¢ are examined, it is seen that this situation is
valid for T2 and T3 tools. Moreover, the lowest temperature value is 160 °C and 138 °C, respectively, at
V1 and f2, while the highest temperature value is obtained as 265 °C and 236 °C, at V3 and f2. When
Figure 6c is examined for the T3 tools, it is seen that the temperature increase is less than the other
two sets of the tools. This situation is thought to be caused by the T3 cutting tool tip being ground. It is
known in the literature that the increase in the rake angle and decrease in the effective surface between
the tool and workpiece generates less friction and heat during the process [42]. Accordingly, the rake
angle of the insert with grinded T3 is larger than the other tools, resulting in less cutting temperature
during machining.
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Figure 6. Cutting temperature variation for (a) T1 (b) T2 (c) T3 cutting tools ((a) T1 (b) T2 (c) T3)

3.5. Tool Performance

Figure 7 depicts the relationship between the amount of wear on the cutting tool side surface area and
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the amount of surface roughness that occurs during the turning of the same material with varied
mechanical qualities while using different cutting tools with varying mechanical properties. It was
discovered that the lowest possible surface roughness was attained during the turning of the sample
with the T3 cutting tool that possessed the maximum toughness, while the least amount of tool wear
was seen in parallel. The opposite was true while creating the maximum roughness value during
turning with T1 and T2 cutting tools of lesser toughness. As a result, greater tool wear occurred during
turning. Surface roughness and tool wear are reduced in this scenario while turning the same material,
since the toughness of the cutting tool improves with increasing toughness of the material [44].

At the tool-chip interface, as a result of the forces acting during the cutting process, the heat has been
generated along the contact area due to friction, causing tool wear. It is necessary to know the
maximum temperature and temperature distribution that are decisive in tool wear [45,46]. It is so
important to accurately measure and determine the heat and temperature distribution at the tool-chip
interface for estimating the tool wear. Since the depth of cut is so small in this study and results in
higher cutting temperature at the slip zone and the tool-chip interface [47], it is so important to
measure the temperature distribution formed here in a way that reflects the tool wear. By this context,
the temperature caused by the friction between the cutting tool and the workpiece in the chip removal
process played a major role in tool wear, depending on the material properties of the workpiece and
the cutting tool [48]. Generally, factors such as increasing cutting speed, feed rate and also are known
to increase the cutting temperature and cause tool wear [49,50]. With the help of Figure 6 and Figure
7b, the higher tool wear occurs with T2 tool causing the highest cutting temperature in machining of
CoCrMo alloy.

IFeed rate of 0.05 mm/re

5 m.m/rev

Figure 7. Tool wear images of different cutting tools in the cutting speed of 40 m/min, a) T1, b) T2, c) T3
4. Conclusion

For the machining of CoCrMo implant material (biomaterial), Taguchi L27 was used to explore the
impact of the machining parameters on the Ra and the T (cutting tool, cutting speed, and feed rate).
The experiments' outcomes are summarized in the following paragraphs.

There are statistically optimal Ra values at V3 and f1 for cutting tools of DCMT (X companies), DCMT
(Y companies) and DCGT (Y companies), respectively, based on the statistical study. It is found that the
maximum surface roughness values for each tool factors are at V1 and {2 for V1 and f2. Temperatures
0f 152,160, and 138 2C are the best values for each DCMT (X companes), DCMT (Y companies), and the
DCGT (Y comepanies) tool, respectively at V1 and f2. With DCMT (X companies), DCMT (Y companies),
and DCGT (Y companies) cutting tools, V3 and f2 show the maximum cutting temperatures of 251, 265,
and 236 °C. S/N ratios were utilized to determine the ideal Ra and T values. The statistical analysis
determined that the best Ra value could be obtained at V3 and f1 using the DCGT (Y companies) cutting
tool. At V1 and f1, the DCGT (Y companies) cutting tool produced the best T values.

According to the ANOVA results, the feed rate on the Ra has a PCR efficiency of %61.4. Furthermore,
the T's cutting speed has the highest PCR at %63.9.
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Cutting speed increased the surface roughness and the cutting temperature, according to the results. A
little rise in cutting temperature has been seen when feed rate is increased. This raises surface
roughness correspondingly.

Cutting tools with tip ground (DCGT (Y companies)) tips were found to provide the greatest results on
Ra and T. It can be used to improve the quality of the surface.
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