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Controlling the amount of the cutting fluid used in machining processes is
important in terms of its effects on the environment, human health, and also on the
total cost of production. In this study, the AA7075 and AA2024 aluminum alloys
were subjected to drilling process using four different cooling conditions (internal
MQL, external MQL, conventional cooling and compressed air cooling), four
different cutting speeds (100, 125, 150, 175 m/min) and four different feed rates
(0.10, 0.15, 0.20, 0.25 mm/rev). At the end of experiments which have been
performed with respect to Taguchi experimental design method, in addition to the
hole quality such as surface roughness of hole, diametrical deviation, ovality and
axial deviation, wear/build-up edge on cutting tools were investigated. The
obtained data were evaluated by performing ANOVA and Signal/Noise (S/N) tests.
At the end of experiments, it was determined that cooling method has the most
effect on output parameters. It was observed that while the lowest values were
found at conventional cooling application, the results from the application of
internal MQL were very similar to conventional cooling method. While increased
feed rate generally caused increase in all the output parameters, the cutting speed
has unclear effect on the test results. The results of the hole quality obtained from
the AA7075 alloy were found to be better than the results obtained from the
AA2024 alloy, especially in poor cooling conditions such as compressed air
cooling and external MQL application.

AA7075 ve AA2024 Aliiminyum Malzemelerine Delik Delinmesinde Farklh
Sogutma Yontemlerinin Delik Kalitesine ve Takim Omriine Etkisi

MAKALE BILGISI

OZET

Alinma: 27.04.2020
Kabul: 10.07.2020

Anahtar Kelimeler:
Delme

Delik kalitesi

Kesici takim asinmasi
MMY

Taguchi

Talagli imalat islemlerinde kullanilan kesme sivist miktarmin kontrolii, hem
dogaya ve insan sagliga olan etkisi acgisindan hem de toplam iiretim maliyeti
acisindan ¢ok Onemlidir. Bu c¢aligmada, AA7075 ve AA2024 aliiminyum
alagimlart dort farkli sogutma yontemi (icten MMY, distan MMY, geleneksel
sogutma ve basingl havayla sogutma), dort farkli kesme hiz1 (100, 125, 150, 175
m/dk) ve dort farkli ilerleme (0.10, 0.15, 0.20, 0.25 mm/dev) kullanilarak delik
delme islemine tabi tutulmustur. Taguchi deney tasarimina gore yapilan deneyler
sonunda deliklerin yiizey plriizligii, ¢aptan sapma, dairesellikten sapma ve
silindiriklikten sapma olmak tizere delik kalitesi ve takimlarda meydana gelen
aginma/sivanmalar incelenmistir. Elde edilen veriler ANOVA ve Sinyal/Giiriiltii
(S/N) testleri yapilarak degerlendirilmistir. Deneyler sonunda ¢ikt1 parametrelerini
en ¢ok sogutma ydnteminin etkiledigi tespit edilmistir. En diisiik degerler
geleneksel sogutma uygulamasinda gozlenirken, icten MMY uygulamasinda elde
edilen sonuglarin geleneksel sogutma yontemine ¢ok yakin oldugu goriilmiistiir.
Ilerlemedeki artis tiim g1kt parametrelerinde genelde artisa neden olurken, kesme
hizinin ¢ikti parametreleri iizerindeki etkisi daha belirsiz olmustur. Ozellikle
basingli havayla sogutma ve distan MMY uygulamasi gibi yetersiz sogutma
sartlarinda AA7075 alasimindan elde edilen delik kalitesi sonuglarinin AA2024
alasimindan elde edilen sonuclara gore daha iyi oldugu goriilmiistiir.

* Corresponding author, e-mail: aysegulcakir@beun.edu.tr
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1. INTRODUCTION (GiRiS)

In recent years, the rapidly increasing use of aluminum in industrial areas, has become one of the
most versatile engineering materials with a unique combination of properties and structures. With
various combinations of features on the behavior of these materials in the processing duration it is
done a lot of work to this day and still continuing research on this subject [1]. When these studies
examined, it is seen that processing conditions and the metallurgical structure of the material modify
the workability of aluminum [2-5]. The main problem of workability of Aluminum is in the control
of chips. Also due to the ductility of the material adheres to the cutting tool, it causes the other
processing problems [6-7].

In machining, especially the removal of chips from the cutting zone is the most common problems
in the processing type of drilling operation. In drilling process, the chip formation occurs in a closed
area and cannot be seen. The chip evacuation and injection of cutting fluid is more difficult. Friction
between the chip and the helix channels and between the drill and worked surfaces is much greater.
Rake angle varies over the cutting edge and therefore exists in different cutting conditions over the
cutting edge. Therefore, removal of chips in drilling process occur in a much more complex and
severe conditions according to the machining process with a single-edge cutting tool [8-9]. There
have been many studies for solving such problems encountered in the drilling process to this day.
Researchers have investigated chip formation (geometry and movement), hole quality, the force
acting on the cutting tool and cutting tool life in order to monitor performance of machining during
drilling process. They have examined the optimum cutting parameters and have tried to estimate the
best machining performance by experimental methods and mathematical analysis [10-13].

As with all machining process, cutting fluid application is important in the drilling process in the
solution on the problems. Because in this process, cutting fluid lowers the heat generated in the cutting
zone and reduces friction of the cutting tool-chip interface with lubricating effect. It also helps to
move away chips from the cutting zone. Thus, the cutting fluid helps to increase tool life and
improved product quality [14]. In drilling operation, the positive effect of the cutting fluid application
to machining performance has been demonstrated in many studies [16-19]. However, a successful
manufacturing process, cannot be expressed only by production economics including product quality,
product amount and time. It is also directly related to the impact of the environment and human health
[20]. Thus, reducing the amount of cutting fluid used in machining process, arises a requirement as a
result of aforementioned issues. Another important points here is that, while reducing the amount of
cutting fluids used in machining process is to adversely affect the product quality and cutting tool life
[21]. In recent years Minimum Quantity Lubrication (MQL) method has been used to eliminate the
adverse effect of cutting fluids, to reduce production cost and improve product quality [14-15]. Some
researchers have investigated the effect of this method, which can be applied to the cutting zone as
an oil mist inside or outside the tool, on the machining performance by comparing it with the
conventional cooling method. [22-25]. In some of these studies, MQL method yielded results close
to conventional cooling, while in some others insufficient performance was observed.

In order to investigate the reasons of the different results obtained in the current studies on MQL,
it is aimed to determine the effect of oil mist and compressed air separately as well as the application
of MQL method internally and externally. Therefore, some experiments were carried out with four
different cooling methods: compressed air cooling, external MQL method, internal MQL method and
conventional cooling method. In addition, two different aluminum materials were used in the
experiments and the effect of the material factor changed by the cooling method was investigated.

2. MATERIAL AND METHOD (MATERYAL VE YONTEM)

In this study, the effects of different cutting parameters and different cooling conditions on hole
quality (Surface roughness-Ra, circular deviation Dxy, cylindrical deflection-Dz, diametral
deviation-D) and cutting tool life in drilling of AA7075 and AA2024 aluminum alloys were
investigated.

Using the Taguchi experimental design method, four different cutting speeds, four different
feeds and four different cooling conditions were selected as the test input. Hole quality and cutting
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tool wear is defined as output parameters. Four-level 4x4x4 L16 experimental design was formed
using the Taguchi experimental design method. In this way, the number of 64 experiments was
reduced to 16. The same design was repeated for both materials (AA7075 and AA2024), thus
reducing the total number of experiments from 128 to 32. Control factors and levels of the
experimental design are given in Table 1.

Table 1. Control factors and levels for the experiments (Deneyler i¢in kontrol faktorleri ve seviyeleri)

Factors Unit 1. Level 2. Level 3. Level 4. Level
1 Cooling method Internal MQL  External Conventional Compressed
(A) MQL Cooling Air cooling
2 Cutting speed m/min 100 125 150 175
(B)
3 Feed rate (C) mm/rev  0.10 0.15 0.20 0.25

Considering the factors in Table 2.1, the most suitable design for the experimental study Taguchi
L16 orthogonal sequence was selected. Table 2 shows the experimental design determined with the
help of Minitab statistical software.

Table 2. Taguchi L16 orthogonal experimental design for AA7075 (AA7075 i¢in Taguchi L16 dikey dizinli deney

tasarimi)
A B C
Test No Variables Cooling Method Cutting Feed Rate
Speed (mm/rev)
(m/min)
T1 AlB1C1 Internal MQL 100 0.10
T2 AlB2C2 Internal MQL 125 0.15
T3 Al1B3C3 Internal MQL 150 0.20
T4 AlB4C4 Internal MQL 175 0.25
T5 A2B1C2 External MQL 100 0.15
T6 A2B2C1 External MQL 125 0.10
T7 A2B3C4 External MQL 150 0.25
T8 A2B4C3 External MQL 175 0.20
T9 A3B1C3 Conventional Cooling 100 0.20
T10 A3B2C4 Conventional Cooling 125 0.25
T11 A3B3C1 Conventional Cooling 150 0.10
T12 A3B4C2 Conventional Cooling 175 0.15
T13 A4B1C4 Compressed Air Cooling 100 0.25
T14 A4B2C3 Compressed Air Cooling 125 0.20
T15 A4B3C2 Compressed Air Cooling 150 0.15
T16 A4B4C1 Compressed Air Cooling 175 0.10

The same operations were carried out in the drilling of AA2024 alloy and 16 different cutting
conditions were numbered in the range T26-T41. A new cutting tool is used for each cutting
conditions. The cutting tools used are two-edged, helical, 8 mm diameter, internal cooling groove,
uncoated carbide drills.

In order to examine the wear occurring in the tools, 30 different holes are repeated for each
different cutting conditions. Using the arithmetic mean of the results obtained from repetition
experiments, an average value was obtained for each different cut and the results were examined
according to these values. The experimental setup is shown schematically in Figure 1.
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Cooling Conditions

CNC Machine Tool —

Cutting Tool

Internal MQL (1) External MQL (E)

Conventional Compressed Air
Cooling (C) Cooling (A)

Figure 1. Schematic representation of the experimental setup (Deney diizeneginin sematik goriiniimii)

Two different aluminum alloys were used as the workpiece material in the experiments. These
are AA 7075 and AA 2024 aluminum alloys. These 25 mm-thick aluminum workpieces are drilled
through the length. The chemical and mechanical properties of the AA2024 and AA7075 alloys are
given in Table 3.

Table 3. Chemical and mechanical properties of AA7075 and AA2024 aluminum alloys (AA7075 ve AA2024
aliiminyum alagimlarinin kimyasal ve mekanik 6zellikleri)
Si Cu Mn Mg Cr Zn Heat Yield Tensile  Elongation Hardness Elasticity

treatment stress stress (%) (Brinell)  (GPa)

(MPa) (MPa)
AA 2024 05 45 06 1501 0.2 T4 315-330  440-465 20.0 120 73.1
AA 7075 04 16 03 2503 56 T6 460-505 530-570 10.0 150 72

The experiments were performed at the ECOSPEED 2600 (HSM) high speed machining center.
Technical information about the machine tool is given in Table 4.

Table 4. Technical properties of ECOSPEED 2600 CNC machine (ECOSPEED 2600 CNC tezgahinin teknik

ozellikleri)

Name of Machine ECOSPEED 2600 (HSM) high-speed machining
center

Control Unit SIEMENS 840D
Maximum spindle speed 30 000 rev/min
Machining table 2500x7000 mm
Feeds in Axis X:65 000, Y ve Z:50.000 mm/min
Movements in AXxis X: 6800, Y: 2600, Z: 670 mm

A:+40°, B: +40°

Cooling system of the ECOSPEED machine is the Digital-Super VOGEL MQL system. This
system is capable of both internal and external cooling. Constant flow rate and pressure were used in
the experiments. Haughton CDT-ML MAX 200 brand cutting fluid was used in MQL system. For
internal MQL and external MQL applications, this coolant is applied at a constant pressure of 5
bar.“Opet Fuchs Ecocool S PT 45”, which is used in the traditional cooling method, was applied to
the cutting zone at a pressure of 10 bar from the outside of the tool. In the compressed air cooling
method, the air sent to the cutting zone was again applied through the tool at a pressure of 10 bar.
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Circularity, cylindricality and dimensional accuracy of the holes were measured with DUE Glabal
Performance brand coordinate measuring machine (CMM). The accuracy of the bench was 0.002 mm
and measurements were carried out in a room with constant ambient temperature (21-24 °C). In order
to obtain a reliable result, four measurements were made for each hole measured and the arithmetic
mean of these measurements were taken.

Mahr brand Perthometer M1 type of tabletop surface roughness measuring device was used for
surface roughness measurements of the holes. For the reliability of the measurements, four

measurements were made for each hole measured from separate points. The mean surface roughness
(Ra) values were determined for each hole by taking the arithmetic mean of the values obtained as a
result of the measurements.

3. EXPERIMENT AND OPTIMIZATION RESULTS (DENEY VE OPTIMiZASYON SONUCLARI)

In the drilling process for AA7075 and AA2024 alloys, the change according to cooling conditions
and the feed parameters of the average values calculated by taking the arithmetic average of the hole
quality values (Surface roughness-Ra, Deviation from diameter-D, Deviation from Circularity-Dxy

and Deviation from Axial / Cylindrical- Dz,) measured in the 30 drilling tests repeated for each
cutting condition are shown in the graphs in Figure 2.
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Figure 2. Variation of hole quality according to feed and cooling conditions (a): Surface roughness -Ra, (b): Deviation
from diameter -D, (c): Deviation from Circularity -Dx.y, (d): Axial deviation -Dz

(Delik kalitesinin ilerleme ve sogutma sartlarina gore degisimi (a):Yiizey piriizligii-Ra, (b):Captan sapma-D,
(c):Dairesellikten sapma-Dx.y, (d):Eksenel sapma-Dz)
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In the graphs shown in Figure 3, the variation of arithmetic average of the hole quality values

measured in 30 drilling tests repeated for each cutting condition in AA7075 and AA2024 alloys is
shown according to the cutting speed (\V¢) and cooling conditions.
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kesme hizi parametresi ve sogutma sartlarina gore degisimi (a): Yiizey piiriizligii-Ra, (b):Captan sapma-D,

(c):Dairesellikten sapma-Dx.y, (d):Eksenel sapma-Dyz)

When the graphs in Figure 2 and Figure 3 are examined, it is clear that the most effective factor
on hole quality is the cooling method. When the results of surface roughness (Ra), deviation from
diameter (D), deviation from circularity (Dx,v) and axial deviation (Dz) are examined under the same
cutting conditions in both figures, the worst hole quality was obtained with compressed air cooling
method (A), and the best hole quality was obtained with conventional cooling method (C). The
conventional cooling method is followed by internal MQL (I) and external MQL (E) methods,
respectively.

When the results are examined, it is seen that the material factor changes the effect of cooling
methods on hole quality. This was clearly observed especially in surface roughness results. In Figure
2 (a) and Figure 3 (a) graphs, the conventional cooling and internal MQL method showed lower
surface roughness in AA2024 alloy under all conditions, while compressed air cooling and external
MQL method showed lower surface roughness in AA7075 alloy under all conditions. One of the most
important factors that negatively affect the hole quality factors such as surface quality, deviation from

circularity and deviation from diameter is the accumulation of chips. The large and unstable
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accumulation of chips on the cutting edge deteriorates the quality and precision of the surface being
machined [26]. Build-up edge (BUE) of ductile aluminum alloys in the cutting edge triggers chip
formation. It is known that the film layer formed at the tool-chip interface by a good cooling method
prevents the BEU formed on the cutting edge of the tool and ensures the preservation of the tool
geometry and thus the intact tool geometry affects the hole quality positively [6, 27]. In the researches,
it has been observed that the internal MQL application is as effective as the conventional cooling
application in lubrication of tool-workpiece interface [28, 2]. When the graphs of Figures 2 and 3 are
examined in the light of this information, it is thought that the BUE formed on the tool with the
AA2024 alloy which is more ductile than AA7075 alloy is less to the conventional cooling and
internal MQL application where lubrication is good. Where, it is thought to be much higher in
compressed air cooling and external MQL application where lubrication is poor. Therefore, it can be
said that the cooling methods change the effect of the workpiece material on the hole quality. It is
considered that the inner MQL method for ductile materials such as AA2024 may be an alternative
to conventional cooling method in terms of hole quality when the results of measured surface
roughness (Ra), deviation from diameter (D), deviation from circularity (Dx,y) and axial deviation
(Dz) are examined.

When the changes in cutting parameters were examined, it was observed that especially the effect
of external MQL application on the hole quality was changed. While the difference between the hole
quality results measured in external MQL application and the hole quality results measured in
compressed air cooling application is higher in low cutting parameters, it is seen that this difference
decreases considerably in high cutting parameters. From these results, it can be said that the external
MQL application is relatively effective at low cutting parameters while preventing friction with
lubrication, whereas it is said that the lubrication feature is inadequate because the increasing loads
affecting the tool and increasing chip volume make the cutting conditions difficult at high cutting
parameters. In addition, it is observed that the results obtained with the conventional cooling method
and the internal MQL method are very close to each other at low cutting speeds and feed rates.

Looking at the graphs, it is seen that the increase in the feed rates parameter generally affects the
hole quality negatively. The increase in cutting speed has a more unstable effect on hole quality. The
increase in cutting speed reduced surface roughness, but caused an increase in geometric results,
including deviation from diameter, deviation from circularity and deviation from cylindricality. It is
known that the increased cutting speed facilitates cutting by increasing the temperature in the cutting
zone. It is considered that the reduction of friction due to the reduced contact area at the tool-
workpiece interface with increasing temperature improves the surface quality [29]. However, it
should not be underestimated that cutting parameters that cause excessive temperature increase will
accelerate the deformation of the cutting tool and reduce its life. Furthermore, unlike other types of
machining, chip evacuation is a major problem in drilling. With the increase in cutting speed, the
increase in chip volume per unit time makes the discharge of the chip difficult. It is thought that chip
jamming increases the vibration by increasing the loads coming to the tool and adversely affects the
cutting edges and hole quality of the tool (Figure 4).

3.1. Analysis of Variance (Varyans Analizi)

The data were subjected to ANOVA test in order to determine the degree of effect of the process
parameters which are material type, cooling method and cutting parameters on hole quality(surface
roughness (Ra), deviation from diameter (D), deviation from circularity (Dxy) and axial deviation
(Dz), which is the quality characteristic. ANOVA tests also showed that the most effective factor on
the process parameters was the cooling method. The most effective parameter after cooling was feed
rate. It has been observed that the material factor is not an effective parameter especially for geometric
tolerance results. It has been seen that the cooling methods applied reduced the effect of the material
factor on the results. In the ANOVA tests, the results of surface roughness, deviation from diameter,
deviation from circularity and deviation from cylindricality are given in Tables 5, 6, 7 and 8,
respectively.
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Table 5. ANOVA results for surface roughness of AA7075 and AA2024 (AA7075 ve AA2024 ile ilgili yiizey
pliriizliiligi i¢in ANOVA sonuglart)

Source DF SS' SS MS F P PD (%)
Material type 1 0.00839  0.00839  0.00839 0.31 0.584 0.4
Cooling method 3 6.36370  6.36370 2.12123 78.12  0.000 88.0
Cutting speed (V) 3 0.06532  0.06532  0.02177 0.80 0.508 0.9
Feed (f) 3 0.69579  0.69579  0.23193 8.54 0.001 9.6
Error 21 0.57020  0.57020  0.02715 - - 1.1
Total 31 7.70341 - - - - 100.0
DF: Degree of freedom, SS’: Pure sum of squares, SS: Sum of squares, MS: Mean square,
PD : Percentage distribution, F: F-Test statistics, P: Significance values

Table 6. ANOVA results for deviation from diameter of AA7075 and AA2024 (AA7075 ve AA2024 ile ilgili gaptan
sapma i¢cin ANOVA sonuglar1)

Source DF SS' SS MS F P PD (%)
Material type 1 0.0000543 0.0000543 0.0000543 13.95 0.001 1.0
Cooling method 3 0.0049058 0.0049058 0.0016353  420.55 0.000 86.2
Cutting speed (V) 3 0.0000487 0.0000487 0.0000162 4.18 0.018 0.9
Feed (f) 3 0.0005969 0.0005969 0.0001990 51.17 0.000 10.5
Error 21 0.0000817 0.0000817 0.0000039 - - 1.4
Total 31 0.0056873 - - - - 100.0
DF: Degree of freedom, SS’: Pure sum of squares, SS: Sum of squares, MS: Mean square,
PD : Percentage distribution, F: F-Test statistics, P: Significance values

Table 7. ANOVA results for deviation from circularity of AA7075 and AA2024 (AAT7075 ve AA2024 ile ilgili
dairesellikten sapma i¢in ANOVA sonuglari)

Source DF S§' SS MS F P PD (%)
Material type 1 0.0000002 0.0000002  0.0000002 0.26 0.615 0.1
Cooling method 3 0.0004068 0.0004068 0.0001356 208.12 0.000 81.3
Cutting speed (Vc) 3 0.0000381 0.0000381  0.0000127 19.50 0.000 7.6
Feed (f) 3 0.0000413 0.0000413  0.0000138 21.12 0.000 8.3
Error 21 0.0000137 0.0000137  0.0000007 - - 2.7
Total 31 0.0005001 - - - - 100.00
DF: Degree of freedom, SS’: Pure sum of squares, SS: Sum of squares, MS: Mean square,
PD : Percentage distribution, F: F-Test statistics, P: Significance values

Table 8. ANOVA results for deviation from cylindricality of AA7075 and AA2024 (AA7075 ve AA2024 ile ilgili
eksenel sapma i¢gin ANOVA sonuglar1)

Source DF S§' SS MS F P PD (%)
Material type 1 0.0000058 0.0000058 0.0000058 3.83 0.064 0.5
Cooling method 3 0.0009549 0.0009549 0.0003183  209.13 0.000 80.3
Cutting speed (Vc) 3 0.0000236  0.0000236  0.0000079 5.17 0.008 2.0
Feed (f) 3 0.0001724 0.0001724  0.0000575 37.75 0.000 14.5
Error 21 0.0000320 0.0000320  0.0000015 - - 2.7
Total 31 0.0011887 - - - - 100.0
DF: Degree of freedom, SS’: Pure sum of squares, SS: Sum of squares, MS: Mean square,
PD : Percentage distribution, F: F-Test statistics, P: Significance values

3.2. Investigation of Wear on Cutting Tools (Kesici Takimlardaki Asinmann incelenmesi)

At the end of 30 drilling, the drills used in MQL application (a), external MQL application (b),
conventional cooling (c) and compressed air cooling (d) conditions are given with SEM photographs
in Figure 4.
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Figure 4. SEM photos of drills used in 30 hole drill repeat on AA 2024 alloy. Result obtained in: (a) Internal MQL
condition, (b) External MQL condition, (c) Conventional cooling condition, (d) Compressed air cooling condition
(AA2024 alasimina 30 delik delme tekrarinda kullanilan matkaplarin SEM fotograflari: (a) Igten MMY sarti, (b) Distan
MMY sarti, (c) Geleneksel sogutma sart1 ve (d) Basingli havayla sogutma sart1)

It is clearly seen in Figure 4 that the built-up edge (BUE) formation on the cutting edges and the
built-up layer (BUL) formation on the chip flow surfaces along with the plastering is higher in
compressed air cooling (d) and external MQL application (b). These two cooling conditions are much
more inadequate than the internal MQL (a) and conventional cooling (c) conditions for reducing the
heat generated in the cutting zone and reducing the friction by the lubricating effect. Therefore, it can
be said that it is insufficient to prevent the plastering (BUE-BUL) due to temperature and pressure on
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cutting edges and flow surfaces. This is thought to cause increases in average surface roughness (Ra)
results.

In terms of average surface roughness, the highest roughness values were obtained in compressed
air cooling application. Especially in conditions where high cutting parameters are used, the increase
in Ra values measured from the first hole to the last hole at the end of 30 drilling repetitions in external
MQL application is seen to be higher than the increase amount measured in the application of cooling
with compressed air, unlike the average Ra values.

%45 S08:m 38 S0 SEIl XSS 280mm 38 Se SE!

(b)

(©)

(d)

X4S SO8ym 38 Se SE1I %45 Seerm 38 S8 SEI

Figure 5. SEM photos of drills used in 30 hole drilling repeats on AA2024 and AA7075 alloys. Results obtained in:
(a) Conventional cooling condition for AA2024 alloy, (b) Conventional cooling condition for AA7075 alloy,

(c) Compressed air cooling condition for AA2024 alloy, (d) Compressed air cooling conditions for AA7075 alloy.
(AA2024 ve AA7075 alagimlarina 30 delik delme tekrar1 sonunda matkaplarin SEM fotograflari: (a) AA2024 alagimi
icin geleneksel sogutma, (b) AA7075 alagimi igin geleneksel sogutma, (c) AA2024 alagimi i¢in basingli havayla
sogutma ve  (d) AA7075 alagimi i¢in basingl havayla sogutma sartlarinda elde edilen sonuglar)

In compressed air method, air is applied through the cutting tool, while in external MQL method,
application of air and coolant by nozzles externally is thought to cause in this result. It can be said
that in the external MQL application a small amount of externally injected coolant cannot penetrate
into the hole and reach the end of the cutting tool. On the other hand, in the application of compressed
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air cooling, it is assumed that the air is supplied through the tool at a pressure of 10 bar, resulting in
faster discharge of the chips.

In order to examine the effect of the workpiece material factor on the results, SEM photographs
are shown in Figure 5 where the cutting tool wear can be observed in the drilling of holes in AA7075
and AA2024 alloys under the same conditions. Figure 5 shows the tools used to drill AA2024 (a) and
AAT7075 (b) alloys using conventional cooling application, where the best hole quality results are
obtained at the end of 30 holes drilling. In addition, cutting wear and plastering of the tools
(BUE/BUL) used for drilling AA2024 (c) and AA7075 (d) alloys are clearly seen in Figure 5, using
the compressed air cooling application where the worst hole quality results are obtained.

In Figure 5-c and Figure 5-d show that the tools have more deformations in the conditions of
cooling with compressed air, where the quality of the poor holes is obtained in both materials drilling.
Under the conditions where conventional cooling is applied, the tools are seen to have less
deformation (Figure 5-a and Figure 5-b). Compared to the AA7075 alloy and the AA2024 alloy in
terms of the measured amount of Ra from the first hole to the last hole, and even in terms of the
average Ra value, it is generally seen that the value of Ra obtained from the AA2024 alloy is higher
under the inadequate cooling and lubrication conditions. This is in line with the deformation images
of the tools used in the conditions mentioned in Figure 5-c and Figure 5-d. It is thought that the tool
will be exposed to BUE rather than cutting wear when drilling the aluminum alloy. Since the AA2024
alloy is more ductile than the AA7075 alloy, this is considered to be the case because the AA2024
alloy is more plastered to the cutting tool [14, 30].

4. CONCLUSIONS (SONUCLAR)

In this study, drilling experiments were performed with uncoated carbide tools on AA7075 and
AA2024 aluminum alloys by using Taguchi experiment design and applying different cooling
conditions with different cutting parameters. At the end of the experiments, the hole quality (average
surface roughness, deviation from diameter, deviation from circularity, deviation from cylindricality)
and tool wear were examined and the results obtained are summarized below:

At the end of the experiments, it was seen that cooling parameters had the most effect on output
parameters. This is clearly seen in the graphs and SEM images of the cutting tools.

v" While the lowest tool deformation and lowest drill quality deviation values were observed in
conventional cooling application, the results obtained in internal MQL application were found
to be very close to the conventional cooling method. The highest tool deformation and the
highest deviation values in hole quality were observed in compressed air cooling.

v' It has been observed that the difference between the results obtained in external MQL and
compressed air cooling applications from outside is reduced under conditions where high
cutting parameters are used. It has been observed that the difference between the results
obtained in internal MQL and conventional cooling applications is reduced under conditions
where low cutting parameters are used. While the increase in feed rates led to an increase in
all test results, the effect of the cutting speed on the test results was more uncertain.

v Hole quality results obtained from AA7075 alloy were found to be better than AA2024 alloy,
especially under inadequate cooling conditions such as compressed air cooling and external
MQL application. This situation was observed more clearly especially in surface roughness.
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Frezeleme

Soguk is takim ¢elikleri

Takim ¢elikleri, kullanim alanlart bakimindan diger ¢elik gruplarina gére endiistriyel
uygulamalarda daha yaygin olarak kullanilmaktadir. Takim ¢elikleri farkli sicakliklar
altinda sekillendirme ve isleme uygulamalarinda aginmaya karst dayanacak sekilde
gelistirilmislerdir. Soguk is takim ¢eligi grubunda yer alan AISI D2 i¢eriginde karbon
elementinin az olmasi nedeniyle islenebilirligi ve sekillendirilebilirligi daha kolay
olarak bilinmektedir. Kolay islenebilirligi, yiiksek ¢atlama direnci, yiiksek tokluk ve
sertlesebilme Ozellikleri sayesinde AISI D2 imalat endiistrisinde daha g¢ok tercih
edilmektedir. Diger yandan, AISI D2 celigine krom veya krom-karbiir ilave
edildiginde malzemenin sertligi artmakla beraber mekanik o&zellikleri de
iyilesmektedir. Bu baglamda, bu ¢eliklerin islenmesinde optimum isleme
parametrelerinin kullanilmasi istenilen ylizey biitiinligii ve olgli tamliginin elde
edilmesini kolaylastirmakla birlikte siirdiiriilebilir islemeye katki saglamaktadir. AlISI
D2 soguk is takim ¢eligi, plastik enjeksiyon kaliplari, kesme ve delme takimlari, derin
¢ekme ve ekstriizyon takimlari, 6lgme takimlari, soguk ¢ekme makaralari, makas
bicaklari, aga¢ bicaklari, kesme bigaklari, dis taraklari, ¢apak alma kaliplar1 gibi
kirilmaya maruz kalan makine ekipmanlarimin imalatinda yaygin olarak kullanilir. Bu
calismada, yiiksek mekanik 6zelliklerine ragmen iyi islenebilirlik sergileyen AISI D2
soguk is takim ¢eliginin frezelenmesi {izerine yapilan ¢aligmalar derlenmistir.

A Review on Milling of AISI D2 Cold Work Tool Steel
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ABSTRACT

Keywords:

AlSI D2

Milling

Cold work tool steels

Tool steels are more widely used in industrial applications than other steel groups in
terms of their usage applications. Tool steels are developed to resist wear in shaping
and machining applications under temperatures. Due to the low carbon element in the
composition of AISI D2 in the cold work tool steel group, its machinability and
formability are known to be easier. Thanks to its easy machinability, high cracking
resistance, high toughness and hardenability, AISI D2 more preferred in the
manufacturing industry. On the other hand, when chromium and chromium-carbide
are added to AISI D2 steel, the hardness of material increases and its mechanical
properties also improve. In this context, the use of optimum machining parameters in
the processing of these steels facilitates the achievement of the desired surface
integrity and dimensional accuracy and contributes to sustainable machining. AlSI
D2 cold work tool steel is used commonly in the manufacturing of plastic injection
molds, cutting and punching tools, deep and extrusion tools, measuring tools, cold
drawing rollers, scissors blades, wood blades, cutting blades, tooth combs, deburring
molds. In this study, studies on the milling of AISI D2 cold work tool steel, which
exhibits good machinability despite its high mechanical properties, are reviewed.

1. GIRIS (INTRODUCTION)

Takim ¢elikleri; kimyasal kompozisyonlari, 6zellikleri, uygulama alanlar1 ve c¢alisma sartlari
nedeniyle diger ¢elik gruplarina gore ¢ok daha zengin igeriklidir. Takim celikleri; kesme takimlari,
sicak ve soguk deformasyon kaliplari, 6l¢me cihazlari gibi pek ¢ok alanda yaygin olarak
kullanilmaktadir. Takim c¢eliklerinde arzu edilen mekanik 6zellikleri yapisinda bulunan Cr, V, Mo
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gibi karbiir yapici alasim elementlerinin bulunmasina baglidir. Bu elementler kafes icerisinde
cozlinerek ve MC, M7C, M23C6, M2C, M6C tipi karbiirler olusturarak, ¢eligin daha yiiksek
dayanima, yiiksek sertlige, yiiksek agsinma direncine ve daha iyi menevis dayanimina sahip olmasini
saglarlar. Olusan karbiirlerin sayisi, dagilimi, tipi ve yiizde miktar1 malzemenin termo-mekanik iglem
gecmisi ve ¢alisilan sicaklik araligi ile birlikte, ¢eligin nihai 6zelliklerini belirlemektedir [1]. Takim
celikleri kullanim alanina gore; soguk is takim c¢elikleri, sicak is takim ¢elikleri, yiiksek hiz takim
celikleri, plastik kalip ¢elikleri olarak gruplandirilmaktadir.

Yiiksek basma dayanimi, yiiksek sertlik, yiiksek ¢ekme dayanimi, yiiksek asinma dayanimi gibi
ozelliklerinden dolay1 soguk is takim ¢elikleri olduk¢a yaygin olarak kullanilmaktadir [2]. AISI D2
soguk is takim celigi ise istenilen sekilde malzeme sertligine, sertlestirme islemi sonrasi diisiik
deformasyon ve yiiksek yiizey asinma direncine sahip olmasindan dolayi; kalinligr 6 mm’ye kadar
soguk sac kesme kaliplari, sac kesme makinalarinin kesici bigaklari, sekillendirme kaliplari, delme,
zimbalama, kivirma, biikme, ezme, sisirme, baglant1 elemanlarinin soguk sekil verme ve dis ¢cekme
kaliplari, boru ve profil haddeleme makaralari, ilag, asindirici tozlarin sikistirma kaliplari, plastik
enjeksiyon kaliplari, tel cekme haddeleri ve soguk ekstriizyon takimlari, hassas kesme kaliplari, dilme
bigaklari, kabartma takimlari gibi kaliplarin imalatinda kullanilmaktadirlar [3-5].

Ayrica AISI D2 ¢eligi fiyat/performans 6zellikleri sayesinde en sik kullanilan soguk is takim
celiklerinden biridir. AIST D2 soguk is takim ¢eliginin kimyasal kompozisyonu Tablo 1’de, fiziksel
ozellikleri Tablo 2°de ve standart gosterimleri ise Tablo 3’te yer almaktadir.

Tablo 1. AISI D2’nin kimyasal kompozisyonu (%) (Chemical composition of AlSI D2 %)
C Si Mn P S Cr Mo \% Fe
1.55 0.34 0.22 0.018 0.001 11.68 0.73 0.95 Diger

Tablo 2. AISI D2’nin fiziksel 6zellikleri (Physical properties of AISI D2)

Yogunluk Elastikiyet Modiilii Termal Iletkenlik Ozgiil Is1
Kg/m?® MPa W/m °C J/kg °C
7.7 210 20 460

Tablo 3. AISI D2 malzemenin standart gosterimleri (Standard definitions of AISI D2 material)
AlSI DIN ASSAB JIS GB
D2 1.2379 8407 SKD 11 Crl2MolV1

Teknolojinin ve endiistrinin gelisimiyle yliksek verimlilik, giivenlik ve daha az agirlik gibi
ozelliklerin 6n plana g¢ikmasiyla, bu takim ve kalip celiklerine farkli yilizey isleme cesitleri
uygulanmig ve arastirmalar bu dogrultuda hiz kazanmstir [6, 7].

AISI D2 soguk is takim c¢eligi endiistriyel uygulamalarda genis bir yer bulmasina ragmen,
literatiirde frezeleme iizerine yapilan galismalar yeteri miktarda bulunmamaktadir. Yapilan bu
caligmada, yiiksek asinma direncine, yliksek tokluga sahip, kesme ve ezme islemlerinde yaygin olarak
tercih edilen farkli sertlikteki AISI D2 soguk is takim ¢eliginin frezeleme yontemi ile islenmesi
tizerine yapilan ¢aligmalar incelenmis ve sonuglar1 derlenmistir. Bu ¢alisma ile AISI D2 malzemenin
farklh sartlarda ve takimlarla islenmesiyle elde edilen veriler derlenerek sanayi uygulamalarina
referans olmasi ve sonuglarin bir biitiin haline getirilmesi amaglanmustir.

2. FREZELEME CALISMALARI (MILLING STUDIES)

Frezeleme, iizerinde kesici disler bulunan kesici takimin donme hareketiyle, is pargasinin baglh
oldugu tablanin X, Y, Z eksenlerinde ilerlemesi sonucunda meydana gelen talas kaldirma islemi
olarak tanimlanabilir. Frezeleme diger talas kaldirma ydntemlerine goére (tornalama, delme vb.)

15



Sirin, Sirin / Imalat Teknolojileri ve Uygulamalart 1(2), 14-24, 2020

kesicideki dis sayisina bagli olarak isleme kapasitesi yiliksek olan bir yontemdir [8]. Frezeleme
islemlerinde, siitunlu ve konsollu, yatakli tip, planya tip, kopya ve CNC freze tezgahlari
kullanilmaktadir. Sekil 1a’da dikey bir freze tezgah1 kisimlar1 ve is tablasi hareketleri gosterilmistir.
Frezelemede kullanilan kesici takim, freze ¢akisi olarak bilinir. Freze ¢akisinin her doniisiinde Kesici
disler is pargasina girer ve ¢ikar. Buna kesintili kesme ad1 verilmekte olup, kesici disler her doniiste
bir ¢arpma kuvveti ve 1s1l sok ¢evrimine maruz kalir. Sekil 1b’de gosterilen alin frezeleme isleminde
bu siire¢ acik bir sekilde goriilebilmektedir [9]. Bu nedenle, 6zellikle takim malzemesi karbiir ve
seramik oldugunda veya yiiksek sertlige sahip is pargalarinin islenmesinde, freze ¢akisi disleri kiigiik
pozitif veya negatif talas agisina sahip olacak sekilde tasarlanmalidir.

D Hiz hareketi

__Bagslk

Siitun
. Freze cakist
I tablast /

Sekil 1. a) Dikey freze tezgahi, b) Alin frezeleme [9] (a) Vertical milling machine, b) Face milling)
Soguk is takim ¢eliklerinin frezelenmesi {izerine yapilan ¢alismalar asagida 6zetlenmistir:

Sirin vd., AISI D2 soguk is takim ¢eligini, kuru isleme sartlarinda simetrik ylizey frezeleme
yontemiyle isleyerek, kesme parametrelerine bagli olarak yiizey piiriizliiliik degerini aragtirmiglardir.
Ayrica Taguchi yontemiyle optimum isleme sartlarini tespit etmislerdir. Varyans analizi (ANOVA)
sonuglarina gore ylizey piiriizliiliigiine etki eden en 6nemli parametrelerin sirasiyla kesme hiz1 ve
ilerleme miktar1 oldugunu tespit etmislerdir. Dogrulama deneyleri yaparak, optimizasyon igleminin
basartyla uygulandig belirtilmistir [10].

Koshy vd., sertlestirilmis AIST D2 (58 HRc) geligini ve AISI H13 (52 HRc) yiiksek hizda PCBN
ve karbiir freze takimlar ile isleyerek takim omrii ve ylizey piiriizliiliigii degerlerini incelemislerdir.
Sonug olarak takim aginmasinda sertlik ve mikro yapinin etkili oldugu ve PCBN freze takimlarin
karbiir freze takimlarina gore daha 1yi performans gosterdigi tespit edilmistir. Kimyasal yapisindan
dolay1 sertlestirilmis AISI D2 malzemeyi islerken kullanilan takim omrii, AISI H13 malzemeyi
islerken elde edilen takim dmriinden daha yiiksek ¢ikmigtir [11].

Jeong vd., AISI D2 soguk is takim celigini bes farkli kaplamaya sahip kesici takimlarla
frezelemislerdir. Sertligi 60 HRc olan AISI D2 malzemeyi 12000 dev/dak ile 0.06 mm/dev ilerleme,
10 mm eksenel kesme derinligi ve 0.06 mm radyal kesme derinligi ile kuru kesme sartlarinda
islemislerdir. Elde edilen verilere gore, ¢ok katmanli TiAIN kaplamali takimla en iyi takim aginma
degeri (Sekil 2) elde edildigi vurgulanmigtir [12].
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Sekil 2. Kesme uzunluguna bagl kaplamali takim yanak aginmasi [12] (Coated tool flank wear depending on cutting

length)

AISI D2 soguk is takim ¢eligi, freze tezgahinda kaplamali kesici takimlarla islenerek isleme
parametrelerinin ylizey ptriizliligii ve takim sehimlerine etkileri incelenmistir. Ortalama ylizey
plirtizliiliigii degerlerinin olusumuna en etkili parametrenin kesici takim dis basina ilerlemesi, ikinci
etken parametrenin ise kesme hizi oldugu tespit edilmistir. Bunlar: sirasiyla kesme derinligi, talas
ag1s1, kesici takim agiz sayisi ve kesici takim ¢api izledigi belirtilmistir [13].

Saba vd., AISI D2 ¢elik numuneleri iizerinde titanyum karbiir (TiC) kaplamali kesiciler
kullanarak, kaplama kalinliginin etkisini belirlemek amaciyla 100 saate kadar frezeleme islemi
gergeklestirmiglerdir. Frezeleme sirasinda TiC kaplamali kesici takim iizerinde asinma, yapisma ve
kirilmalarin oldugu goriilmiistiir. Kesici takimdaki kaplamalarin yapist X-1s1n1 kirinimi (XRD) ve
taramali elektron mikroskobu (SEM) ile incelenmistir. Calisma sonunda, kaplamalarin yapisal ve
morfolojik 6zelliklerinin isleme siiresinden etkilendigi ve alt tabakanin sertliginin kaplama sertligini
de artirdigin1 gézlemlemislerdir (Sekil 3) [14].

100

90

80

70

60

50

40

30

Kaplama Kalimhig (pm)

20

10

0

0

—o—Referans Is Pargasi

—&—Sertlestirilmis Is Parcasi
40 60 80

Frezeleme Zamami (saat)

20

100

Sekil 3. Normal ve sertlestirilmis malzemenin islenmesinde takim kaplama kalinligina gore frezeleme zaman: degisimi
(Milling time variation according to tool coating thickness in machining of the normal and hardened material)

Sirin vd., ti¢ farkli sertlik degerine sahip M1 (21 HRc), M2 (48 HRc) ve M3 (56 HRc) AISI D2
soguk is takim g¢elik malzemeleri, CNC dik isleme merkezinde sementit karbiir kaplamali kesici
takimlarla isleyerek isleme parametrelerinin ylizey piiriizliiliik degerleri ve takim asinmalarina
etkilerini incelemislerdir. Kesme hizinin ve ilerleme degerinin artisiyla kesici takim yanak
aginmasinin artig egilimi gosterdigi belirtilmistir (Sekil 4) [15].
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Sekil 4. Sertlestirilmig AISI D2 malzemenin frezelenmesinde kesme parametrelerine bagli kesici takim aginmasi
(Cutting tool wear depending on cutting parameters when milling hardened AISI D2 material)

Jeong vd., sertligi 62 HRc olan AISI D2 g¢elik malzemeyi Ti-Al-Si-N kapli kesici takimlarla
isleyerek kaplama malzemesinin takim 6mrii iizerine etkilerini arastirmislardir. isleme parametresi
olarak 8000 dev/dak (Sekil 5a), 12000 dev/dak (Sekil 5b) ve 16000 dev/dak (Sekil 5¢) olmak tizere 3
farkli devir sayis1 kullanilmistir (Sekil 5).

a b c
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Sekil 5. Ti-Al-Si-N kapli takimin Si igerigine gore takim aginma degerleri [16] (Tool wear values according to Si
content of Ti-Al-Si-N coated tool)

Sekil 5 incelendiginde, TiAISiN (%9) kaplamanin daha iyi performans gosterdigi anlasilmaktadir.
TiAIN ve TiAlISiN (%9) takimlarla yapilan 6miir deneyleri Sekil 6’da verilmistir.
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Sekil 6. Si igerigine gore takim omriiniin karsilastiriimasi [16] (Comparison of tool life by Si content)
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Sekil 6 incelendiginde, 16000 dev/dak’da Ti-Al-Si kapl kesici takim Ti-Al-N kaplamal kesici
takimdan oldukga iistiin performans gosterdigi anlasilmaktadir.

Saedon vd., 62 HRc sertlige sahip AISI D2 soguk is takim ¢eligini, mikro frezeleme islemine tabi
tutarak, kesici takim omriinii optimize etmislerdir. Mikro frezeleme isleminde deneyler 0.5 mm capl
TiAIN kesici takimla kuru sartlarda gergeklestirilmistir. Takim omrii i¢in kesme hiz1 en etkili faktor
olurken ilerleme ve kesme derinligi de takim dmriinii etkileyen faktorler arasindadir [17].

Amin ve arkadagslar1 sertlestirilmis AISI D2 soguk is takim ¢eligi malzemeyi PCBN kesici takimla
dik isleme merkezinde isleyerek talas olusumu, talag miktari, takim asinmasi ve ylizey piiriizliligii
acisindan incelemislerdir (Sekil 7). Takimda olusan ana takim asinma mekanizmalar plastik
deformasyon, ¢entik asinmasi ve difiizyon olarak belirlenmistir. Kesme hizi ve 6n 1sitma teknigi
ylizey piirlizliiligl ve takim asinmasinda etkili parametreler olmustur. Oda sicakligi, RT ve 6n 1sitma
PT olarak ifade edilmektedir [18].
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Sekil 7. Oda sicakliginda ve 6n 1sitma yapilmis isleme sartlarinda yiizey piiriizliilik degerleri [18] (Surface
roughness values at room temperature and preheated machining conditions)

Sekil 7 incelendiginde, kesme hiz1 artik¢a oda sicakliginda yiizey piiriizliiliik degerlerinin arttigi,
on 1sitmali isleme sartlarinda ise yiizey piiriizliilik degerlerinin diistiigii goriilmiistiir. Ilerleme
degerinin artmasiyla yiizey piiriizliiliik degerinin de arttig1 goriilmiistiir.

Saba vd., AISI D2 soguk is takim ¢eligini bilyeler yardimiyla Ti ve C tozlartyla mekanokimyasal
yontemle kaplayarak, kaplanmigs AISI D2 malzemenin islenme 0&zelliklerini incelemislerdir.
Kullanilan taglama bilyeleri 10, 12 ve 14 mm ¢apinda paslanmaz ¢elik malzemeden imal etmislerdir.
Mekanokimyasal yontemi Sekil 8’de verilmistir.
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Sekil 8. Mekanokimyasal kaplama yontemi prosesi [19] (Mechanochemical coating method process)

Isleme sonunda frezeleme zamanina gdre mikrosertlik, cizilme sertligi ve yiizey piiriizliiliigii
degerleri incelenmistir. Kaplamalar TiC kaplama tabakasi ve TiC-gelik bilesik alt katman1 olarak 2
farkl sekilde yapilandirilmistir. Bu ¢aligmada, giiclii alt tabakaya yapistirilan yogun ve diizgiin bir
TiC kaplamasinin optimal sartlarda basarili sonuglar verdigi iddia edilmistir. Optimum sartlar, 35 saat
frezeleme zamani, sertlestirilmis alt tabaka ve 50:1 bilye kiitle toz orani olarak belirlenmistir [19].

Patel ve Bhavsar, 60 HRc sert AISI D2 soguk is takim celigini AICrN kaplamali kesici takimla
frezeleyerek kesme kuvveti ve ylizey puriizliiliigii degerlerini incelemislerdir. Kuru sartlarda yapilan
deney sonuglarindan kesme kuvveti lizerinde kesme hizinin daha etkili oldugunu, yiizey kalitesi
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iizerinde ise ilerlemenin daha etkili oldugunu gdzlemlemislerdir. Ideal kesme hiz1 125 m/dak ve
ilerleme degeri 425 mm/dak olarak tespit edilmistir [20].

Lima vd., 180 HV sertlige sahip AISI D2 malzemeyi TiN+TiCN kaplamali kesici takimla kuru
sartlarda frezeleyerek takim talas arasindaki sicaklik degerlerini deneysel olarak ve sonlu elemanlar
analizi yontemiyle 6l¢miislerdir. Deney sonuglarindan kesme hizi, ilerleme, eksenel ve radyal kesme
derinliginin artmasiyla takim talag arasindaki sicakligin artis gosterdigi tespit edilmistir [21].

Gaitonde vd., 225 HBN sertlige sahip AISI D2 soguk is takim ¢elik malzemeyi TiAIN kapli kesici
takimla frezeleyerek kesme kuvveti, kesme sicakligt ve yiizey piurizliligi degerlerini
incelemiglerdir. Kuru sartlarda gerceklestirilen deney sonuglarina gore en diisiik sicaklik degeri diisiik
kesme hiz1 ve kesme derinliginde ve orta ilerleme degerinde; en iyi ylizey kalitesi diisiik ilerleme ve
kesme derinliginde ve orta kesme hizinda elde edilmistir [22].

Kang vd., 62 HRc sertlige sahip malzemeyi Ti-Al-N ve Ti-Al-Si-N kaplamali kesici takimla
isleyerek takim aginmasini incelemislerdir. Kesme sartlar1 olarak kuru, 1slak ve Minimum Miktarda
Yaglama (MMY) tekniklerini kullanmiglardir. MMY teknigi kullanarak geleneksel yaglama
tekniginin ¢evreye olumsuz etkilerini azalttig1, ¢alismada ayrica vurgulanmistir [23]. Sekil 9°da kuru,
islak ve MMY sartlarinda kesici takim Omiirleri verilmistir. Sekil 9 incelendiginde, kesme
uzunlugunun artmasiyla orantili olarak takim aginmasinin da artis gosterdigi bildirilmistir. Ti-Al-Si-
N kaplamali kesici takimin ve MMY kesme sartinin takim asinmasini azaltmasi yOniinden iyi
performans gosterdigi belirlenmistir [23].

0,20 s
538 1 . ---Takim omiir Kriteri
0,164 /
g 0,144 B
z 0,12 :‘ / vy /o P A
=] e e £ SNRD AT AR SO R AR
a 0,10 ] ] /././f/f /‘74,1 >
< 0.08 A - ol
i § 06: ././ A ‘/4 = —u—Ti-Al-N (Islak)
g 0] ] 4 e —o—Ti-Al-N (Kuru)
W 0.04 4 v ‘,,.4/ 4—Ti-AI-N (MMY)
1 ‘ —wv—Ti-Al-Si-N (Islak)
0,02j Ti-Al-Si-N (Kuru)
0,00

<«—Ti-AFSi-N (MMY)
T v T L) T o T v T v T 4 T

0 1 2 3 4 5 6
Kesme Uzunlugu (m)

Sekil 9. Kuru, 1slak ve MMY sartlarinda Tio.7s, Alo.2s, N ve Tigeg, Alo.23, Sioos, N kaplamali takimlarin kesme
uzunluguna bagl yan kenar asinmasi [23] (Flank wear depending on the cutting length of Tig7s5, Alo.2s, N and Tio e,
Alo .23, Sigos, N coated tools under dry, wet and MQL conditions)

Igbal vd., 62 HRc sertlikteki AISI D2 soguk is takim ¢eligi malzemeyi kuru ve MMY kesme
sartlarinda TiAIN kaplamali kesici takimla frezeleyerek takim dmrii ve yiizey piirtizliiliigii degerlerini
incelemiglerdir. Deney sonuglarindan elde edilen verilere gore takim omrii ve ylizey piriizliligi
tizerine kesme hizinin en etkili parametre oldugu tespit edilmistir [24].

Ravi ve Gurusamy, 60 HRc sertlige sahip AISI D2 soguk is takim ¢eligi malzemeyi TiN ve TiAIN
kapl kesici takimla kuru, 1slak ve kriyojenik (LN2) kesme sartlari altinda frezelemislerdir. LN
sogutma sartlar1 altinda, TiAIN kapli takimla frezelenmesi sonucunda, TiN kaplamali takima goére
kesme sicakliginda %18, kesme kuvvetlerinde %13 oraninda azalma oldugu belirlenmistir [25].

3. SONUCLAR (CONCLUSIONS)

Bu calismada endiistriyel uygulamalarda yaygin olarak tercih edilen AISI D2 soguk is takim
celiginin frezelenmesi iizerine yapilan g¢alismalar derlenmistir. Frezeleme diger talas kaldirma
yontemlerine gore (tornalama, delme vb.) kesicideki dig sayisina bagl olarak isleme kabiliyeti yiiksek
bir prosestir. Kesici takim talas kaldirma esnasinda is pargasini aralikli olarak kavradigindan,
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frezeleme yonteminde parametrelerin optimize edilmesi ve dikkate alinmasi 6nemlidir. Bu derleme
caligmasiyla, AISI D2 soguk is takim ¢eliginin, farkli sertlik, sogutma sart1 ve kesici takimlar ile
frezelenmesi esnasinda elde edilen sonuglar degerlendirilmistir. Arastirmalardan elde edilen sonuglar
Tablo 4’te 6zet olarak verilmistir.

Tablo 4. AISI D2 malzemenin frezelenmesi iizerine arastirmalarin 6zeti (Summary of researches on milling of AISI D2

material)
Yazar/lar Kesme Kesici Takim Kesme Parametreleri Sonug¢
Yil Sartlari
Sirin vd. [10] Kuru ADMT 120408R-  V=70-90-110 m/dak ANOVA sonuglarina gore;
(2015) F56 kodlu, f=0.05-0.10-0.15 ylizey piirtizliiligiine etki
WSP45 mm/dev eden en dnemli
Kesme derinligi=0.5 parametrelerin sirastyla
mm kesme hizi ve ilerleme
miktar1 oldugu tespit
edilmistir.
Koshy vd. [11] Kuru PCBN takim V=50-100-150-200 Takim asinmasinda sertlik
(2002) m/dak ve mikro yapinin etkili
f=0.05-0.10 mm/dis oldugu ve PCBN freze
Kesme derinligi=1 mm  takimlarin karbiir freze
takimlarina gore daha iyi
performans gosterdigi
tespit edilmistir.
Jeong vd. [12] Kuru Cok katmanlh N=12000 dev/dak Cok katmanl TiAIN
(2009) TiAIN kapli takim ~ f=0.05-0.10 mm/dis kaplamali takimla en iyi
Kesme derinligi=0.06 isleme degerleri elde
mm (radyal), 10 mm edilmistir.
(eksenel)
Bakar vd. [13] Kuru Ti (C, N) + (Ti, V=120-150-180 m/dak Ortalama yiizey
(2012) ADN +Ti 3 f=0.025-0.050-0.075 puriizliliginin
katman kaplamali  mm/dis olusumunda en etkili
kesici Kesme derinligi=1.5-2-  parametrenin dis basina
2.5mm ilerleme, ikinci etken
parametrenin ise kesme
hiz1 oldugunu tespit
etmiglerdir.
Saba vd. [14] Kuru TiC kaplamali N=300 dev/dak Kaplamalarin yapisal ve
(2013) bilye 20:1 toz/agirlik oram morfolojik 6zelliklerinin
isleme siiresinden
etkilendigi ve alt tabakanin
sertliginin kaplama
sertligini artirdigini
gozlemlemislerdir.
Sirin vd. [15] Kuru PVD yontemiyle = V=70-90-110-130 m/dak  Kesme hizinin ve ilerleme
(2012) TiAI+ALLOs+ZrN  =0.05-0.1-0.15 mm/dis  degerinin artisiyla kesici
kapl karbiir Kesme derinligi=0.5 takimdaki aginmanin da
kesici takim mm arttigin1 gozlemlemislerdir.
Jeong vd. [16] Kuru Ti-Al-Si-N kaplh N=8000-12000-16000 Ti-Al-Si kaplaml takim,
(2009) kesici takim dev/dak, f=0.05 mm/dis  Ti-Al-N kaplamali takima
Kesme derinligi=0.06 gore oldukga iistiin
mm (radyal), 10 mm performans gostermistir.
(eksenel)
Saedon vd. [17] Kuru TiAIN kaph V=14-20-32-50-68 Takim omrii i¢in kesme

(2012)

kesici takim

m/dak
f=0.78-1-1.42-2 mm/dis

hiz1 en etkili faktor olurken
ilerleme ve kesme
derinliginin takim &mriini
etkileyen diger
faktorlerden oldugu tespit
edilmistir.
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Amin vd. [18] Kuru, PCBN takim V=50-75-100-125-150 Kesme hizi artikca oda
(2008) Oda m/dak sicakliginda yiizey
sicakliginda f=0.05-0.1 mm/dis piiriizliilik degerlerinin
ve 0n Kesme derinligi=1 mm  arttig1, 6n 1sitmali isleme
1sitmali sartinda yiizey piriizlilik
degerlerinin azaldig1
gOrilmiistiir.
Saba vd. [19] Kuru TiC kaplamali N=300 dev/dak Uygun sartlar; 35 saat
(2016) bilye toz/agirhik orani 30:1- frezeleme zamani
40:1-50:1 sertlestirilmis alt tabaka ve
Frezeleme zamani :20- 50:1 bilye kiitle toz orani
35-50 saat olarak belirlenmisgtir.
Patel ve Kuru AICrN kaplamali ~ V=50-200 m/dak Ideal kesme hizinin 125
Bhavsar [20] takim f=50-800 mm/min m/dak ve ilerleme
(2020) Kesme derinligi=0.06 degerinin 425 mm/dak
mm, kesme genisligi 2- oldugu tespit edilmistir.
10 mm
Lima vd. [21] Kuru TiN+TiCN V=60-90-180 m/dak Kesme hizi, ilerleme,
(2018) kaplamali takim f=0.05-0.01-0.015 eksenel ve radyal kesme
mm/dev derinliginin artmastyla
Kesme derinligi: 12.5- takim talas  arasindaki
25 mm (radyal), 1-2 mm  sicakligin arttig
(eksenel) gOrilmistiir.
Gaitonde vd. [22] Kuru TiAIN kaplamali ~ V=90-135-180 m/dak En disiik sicaklik degeri
(2016) takim f=0.1-0.2-0.3 mm/dev 90 m/dak kesme hiz1 ve 4
Kesme derinligi: 4-8-12 mm kesme derinligi ve 0.2
mm mm/dev ilerlemede; en iyi
yiizey kalitesi 0.1mm/dev
ilerleme ve 4 mm kesme
derinligi ve 135 m/dak
kesme hizinda elde
edilmistir.
Kang vd. [23] Kuru-Islak- ~ Ti-Al-N ve Ti- N=12.000 dev/dak Ti-Al-Si-N kaplamali
(2008) Minimum Al-Si-N f=0.01 mm/dis kesici takimm ve MMY
Miktarda kaplamali takim Kesme derinligi: 0.02 tekniginin takim
Yaglama mm (radyal), 2 mm asimmasini azaltmasi
(eksenel) yoniinden iyi performans
gosterdigi belirlenmisgtir.
Igbal vd. [24] Kuru, TiAIN kaplamali ~ V=175-275 m/dak Deney sonuglarindan
(2011) MMY takim f=0.08-0.12 mm/dev takim Omrii ve ylizey
Kesme derinligi: 0.15- plriizliligi tizerine en
0.4 mm etkili parametrenin kesme
hizi oldugu belirlenmistir.
Ravi ve Kuru, TiN, TiAIN V=75-100-125 m/dak LN, sogutma sartinda,
Gurusamy [25] MMY, kaplamali takim f=0.02 mm/dev TiAIN  kaphh  takimla
(2020) Kriyojenik Kesme derinligi: 0.5 islemede TiN kaplamali

mm

takima gore kesme
sicakliginda %18, kesme
kuvvetlerinde %13 azalma
goriilmiistiir.

Bu calisma ile AISI D2 malzemenin frezelenmesi esnasinda tercih edilecek kesici takim, isleme
sartlar1 vb. parametrelerin belirlenmesinde referans olunmasi amaglanmistir. AISI D2 takim ¢eliginin

frezelenmesi lizerine yapilan ¢aligmalardan asagidaki sonuglar ¢ikarilabilir:

1.

2.

58 HRc sertlikteki AISI D2’nin frezelenmesinde PCBN kesici takimlar, karbiir kapl kesici

takimlara gore daha iyi performans gdstermistir.

60 HRc sertlikteki AISI D2 nin kuru sartlarda frezelenmesinde ¢ok katmanli TiAIN kaplamali

takimlar daha iyi performans gostermistir.

22



Sirin, Sirin / Imalat Teknolojileri ve Uygulamalart 1(2), 14-24, 2020

3. Genel olarak, AISI D2’nin frezelenmesinde yiizey piiriizliliigli {izerine en etkili
parametrelerin sirasiyla, dis basina ilerleme, kesme hizi, kesme derinligi, talas agisi, kesici
takim sayis1 ve takim ¢ap1 oldugu bildirilmistir.

4. AISI D2’nin TiC takimlarla frezelenmesinde kesici takim kaplama kalinliginin degisimiyle
frezeleme zamaninin da degistigi bildirilmistir. Ortalama 50 pm kaplama kalinligina sahip
TiC takimlarla daha uzun frezeleme siirelerine ulasildigi belirlenmistir.

5. Ticari (21 HRc) ve farkli siirelerde sertlestirilmis (48 ve 56 HRc) AISI D2’nin kuru sartlarda
frezelenmesinde kesme hizi ve ilerlemenin artmasiyla, takim yanak asinmasinda artigin
oldugu bildirilmistir.

6. 62 HRc sertlikteki AISI D2’nin frezelenmesinde Ti-Al-Si-N (Si %9) kaplamali takimin TiAIN
kaplamali takima gore tiim kesme parametrelerinde daha uzun 6miirli oldugu ifade edilmistir.

7. 62 HRc sertlikteki AISI D2’nin frezelenmesinde takim omrii lizerinde en etkili parametrenin
sirastyla kesme hizi, ilerleme ve kesme derinligi oldugu ifade edilmistir.

8. Ticari AISI D2’nin TiN+TiCN kaplamali kesici takimlarla frezelenmesinde takim/talas
arasindaki sicaklik lizerinde en etkili parametrelerin sirasiyla kesme hizi, ilerleme, eksenel ve
radyal kesme derinligi oldugu belirtilmistir.

9. 62 HRec sertlikteki AISI D2’nin Ti-Al-Si-N kaplamali kesici takimla frezelenmesinde MMY
kesme sartinin kuru, 1slak kesme sartlarina gore takim aginmasini azaltmada daha iyi
performans gosterdigi ifade edilmistir.

10. 62 HRc sertlikteki AISI D2’nin TiAIN kapl takimlarla frezelenmesinde LN, kesme sartinin
kuru ve 1slak kesme sartina goére daha iyi performans gosterdigi vurgulanmastir.
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OZET

Sicak haddeleme, malzemenin yeniden kristallesme sicakligi olan 0.5 Tm {izeri
sicakliklarda olmasi nedeniyle farkli adimlarda pes pese sekillendirebilme olanagi
saglamakta ve biiylik deformasyon oranlariyla sekil degistirme imkani vermektedir.
Endiistride, Dogrudan gergeklestirilen uygulamalar zaman ve maliyet agisindan
olumsuzluklar gostermektedir. Deneyerek pratiklestirme siiregleri bazi simetrik profil
kesitli tirtinlerde kisa siirelerde tamamlanabildigi gibi bazi asimetrik profil kesitli tirtinlerde
ise uzun siireler alabilmektedir. Tasarlanan kalibrelerin haddehanede denenmeden once
bilgisayar ortaminda simiilasyonu yapilarak ne gibi sonuglar ¢ikacaginin tahmin
edilebilmek icin Sonlu elemanlar yontemi (FEM) uygulanabilir. Bu ¢aligma kapsaminda
oncelikli olarak S 275 JR (EN 10025) kalitede beam blank (profil taslagi) yar1 mamuliin
haddelenmesi ile 21 pasoda olusacak HEA 240 yapi profilinin ilk 3 pasoluk kaba haddesi
sonunda elde edilen gergek liretim parametreleri ile ayni yart mamuliin 3D FEM analizi
sonuglarmin uyumlulugu karsilastirilmis olup %95 ila %99.1 oraninda geometrik benzerlik
bulunmustur. Kabul edilebilir kiiglik farklarm oldugu bu simiilasyonun, iiretim
proseslerinde olusan kayiplari minimize etme ve verimli liretim hedeflerine ulagsmada
onemli bir etkiye sahip oldugunu sdylemek miimkiindiir.

Comparison of Experimental and Simulation Results for Hot Rolling of HEA 240

Profile
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ABSTRACT

Hot rolling allows the material to be shaped in successive steps in different steps since the
material is at a temperature above 0.5 Tm which is the recrystallization temperature and
gives the possibility of deformation with large deformation rates. In the industry, direct
applications show negative effects on time and cost. Practical processes by experimenting
can be completed in short periods in some symmetrical profile section products and long
periods in some asymmetric profile section products. Finite element method (FEM) can be
applied in order to predict the results obtained by simulating the designed calibrations in
the computer environment before testing in the rolling mill. In this study, the production of
HEA 240 profile in S275JR quality is experimentally made in 21 passes and the geometric
dimensions of the first three passes of this structure was compared with 3D FEM analysis
results. The comparison results are compatible and high similarity ratio as 95-99.1% was
found. It is possible to say that this simulation, which has small acceptable differences, has
a significant effect on minimizing losses in production processes and achieving production
targets.

1. GIRIS (INTRODUCTION)

Gilintimiizde kiiresel rekabet, firmalar iirettikleri lirlinii daha kaliteli ve daha diisiik maliyetle nasil
iretebileceklerini bulmaya zorlamaktadir. Simiilasyon, gercek diinya siireclerinin taklit edilmesi
(benzetimi) olarak tanimlanir, alternatif sartlarin ve davranis sekillerinin gercek etkilerini gdstermek
icin kullanilabilir. Ayrica ulagilamayan, erisilemeyen, tehlikeli olan, ¢alistirilmasi miimkiin olmayan
veya tasarim asamasinda olup heniiz insa edilmemis ya da hi¢ mevcut olmayan sistemlerinde
simiilasyonu yapilabilir [1,2]. Genellikle simiilasyon yapmanin temel nedeni diisiilk maliyettir.

* Sorumlu yazar, e-posta: nafizyasar@karabuk.edu.tr
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Simiilasyon sayesinde yapilacak bir isin dogru olup olmadigini olduk¢a hizli ve ucuz bir sekilde
anlamak miimkiindiir. Bu sayede yiiksek maliyet ve zaman kayb1 olmadan denemelerin yapilmasina
firsat taniyacaktir. Ayrica mevcut iiretim siire¢lerinin hizinin artirilmasina ve iriin kalitesine olumlu
katkida bulunacaktir.

Haddeleme, birbirine zit yonde donen iki merdane arasinda siirtinme kuvveti etkisiyle
haddelenecek metal malzemenin cekilerek, hadde boslugundan gegirilip istenilen seklin elde edildigi
bir plastik sekil verme yontemidir [3,4]. Haddeleme yontemi, sekillendirme islem sicakligia bagh
olarak, soguk haddeleme ve sicak haddeleme olmak iizere iki gruba ayrilmaktadir. Sicak haddeleme,
mamul veya yart mamul dokme iirlinlerin {iretimi i¢in en dnemli endiistriyel proseslerden biridir [5-
7].

Hanoglu ve ark. [8], FEM kullanarak asimetrik kesitli bir profilin haddelenmesinin analizi lizerine
caligma yapmislardir. Caligmalarinda haddeleme yoniine dik yonde belirli sayida dilimleme modeli
kullanarak elde ettikleri sonuglarin, analiz ettikleri asimetrik kesitli profilin gergek {iretim
sonuclariyla iyi bir uyum iginde oldugunu tespit etmislerdir. Nalawade ve ark. [9], FEM tabanl
FORGE yazilimmi kullanarak, mikro alasimli 38MnVS6 Kkalite ¢elik blumun termo-mekanik
haddelenmesinin simiilasyonunu yapmislardir. Haddeleme parametrelerinin deformasyon davranisi
iizerine etkilerini incelemisler ve haddeleme yiikii, tork, sicaklik dagilimi, gerilme dagilimi, tane
bliytikliigii ve haddeleme asamasindaki yapi fazi tahminlerini deneysel olarak dogrulamislardir.
Milenin ve ark. [10], iki pasolu oval yuvarlak haddeleme ile 6 pasolu esit kenar olmayan kdsebent
haddeleme analizi yapmiglardir. Dislokasyon teorisine dayanan bir model iizerinden yaptiklar
calismada FE tabanli SortRoll bilgisayar yazilimmi kullanmislar ve her bir pasodaki malzeme
akislarinin analizini yaparak gercek degerler ile uyum halinde oldugunu agiklamislardir. Xiong
Shangwu ve arkadaslar1 [11], sicak serit profil haddelemede dikey-yatay haddeleme prosesinin
simiilasyonunu yapmak i¢in ii¢ boyutlu rijit-plastik Sonlu Elemanlar Yontemiyle (FEM) ile termal
kuplaj analizi yapmislardir. Olusturduklar teorik modelin sonuglari ile deneysel veriler arasinda
kabul edilebilir kii¢iikk farklar oldugunu bulmuslardir. Shahani ve arkadaslar1 [12], AAS5083
aliminyum alasiminin sicak haddeleme prosesinde FEM kullanarak termomekanik analizini
odaklamislardir. Prosesin analizlerinde merdane ve kiitiikteki sicaklik dagilimi, gerilim, uzama ve
uzama orant alanlarini ¢ikararak sistemin matematiksel ve geometrik modelini olusturarak haddeleme
prosesini niteleyen ana degiskenleri bir parametrik bir formda ifade etmislerdir. Iankov, tel
haddeleme prosesini iki ve ii¢ boyutlu olarak simiile etmistir. Simiilasyon sonuglarinin deneysel
veriler ile kargilastirmasin1 yapmustir [10].

Bu ¢alisma, 280x360 mm 6l¢ti ve S 275 JR kaliteye sahip beam blank (profil taslagi) yart mamuliin
kaba haddelenmesi (3 paso) ile olusacak HEA 240 yap1 profilinin numune iiretim sonuglart ayn
parametre ve yart mamul ile 3D FE analizi kullanilarak elde edilen sonuglarin karsilagtirilmasini
icermektedir.

2. MATERYAL VE YONTEM (MATERIAL AND METHOD)
2.1. Deney Diizenegi (Experimental Setup)

Bu calisma 3D Finite Element (FE) analizi icermektedir. Gergek tiretim ile 21 pasoda elde edilen
HEA 240 profilin ilk 3 pasosunun FE analizi yapilmis ve gercek iiretimden alinan numune sonuglari
ile simiilasyonun dogrulugu ispatlanmistir. Sekil 1, ¢aligmada izlenilen yontemi sematik olarak
gostermektedir.
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Uretim siireci
FE Analiz (3 paso)

0

Yar1 mamul
Beam blank

0

Sekil 1. Sematik diyagram (Schematic diagram)
2.2. Malzeme ve Ekipman (Material and Equipment)

HEA 240 profil iiretiminde yar1 mamul olarak S275JR kalite profil taslagi (Beam Blank)
kullanilmigtir. 1200 °C ye tavlanan profil taslaginin, alasimli celik merdanelerin kullanildig:
reversible hadde tezgahinda, 3 pasoluk kaba haddeleme isleminden sonra numune alinmistir.
Uretimde kullanilan merdane seti ve yar1 mamul Sekil 2°de gosterilmektedir. Yari mamuliin malzeme
ozellikleri Tablo 1-3’te verilmistir.

a)

Sekil 2. 3 pasoluk kaba haddeleme, a- merdane, b- yar1 mamul (3-pass rough rolling process, a-roll, b- beam blank)

Tablo 1. S275JR yar1 mamul i¢in kimyasal bilesim (Chemical composition for grade S275JR) [13]

Kisa Gosterilis Anma Mamul Kalnhg1 (mm) i¢in

%C (en ¢ok) % Mn % P % S % N
TS EN DIN (en ¢ok) (en cok) (en cok) (en ¢cok)
10025-2 17100 <16 >1640< > 40
S275JR St44-2 0.21 0.21 0.22 15 0.035 0.035 0.012

Tablo 2. S275JR ¢eliginin ortam sicakliginda mekanik 6zellikleri (Mechanical properties of grade S275JR steel at
ambient temperature) [13]

Asgari Akma Dayanimi, MPa
Anma Kalinhgi, mm

Cekme Dayanimi, MPa
Anma Kalinhgi, mm

DIN >1 >4 >6 >80 >10 >15 >20 >25 >25
TSEN 1710 <t 6 0 3 <10 0 0 0 0 <3 >3 >100 >150 0
10025-2 0 6 <4 <6 <8 0 <I5 <20 <25 <40 <100 <150 <250 <40
0 3 0 0 0 0 0 0
St44- 27 26 25 25 430- 410- 400- 380-
S275JR 2 5 5 5 & 235 225 215 205 - 580 560 540 540 -
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Tablo 3. Yart mamul i¢in malzeme parametreleri (Material parameters for beam blank) [14,15]

Yogunluk  Poisson Elastikiyet Termal Ozgiil Is1 Termal
Malzeme (kg/dm?®) Oram Modiilii (MPa) Iletkenlik (J/ke°K) Uzama
g (W/m.K) g (10 °K~1)
Alasimsiz
Lo 7.85 0.3 210 48-58 490 12
yap celigi

Calismada, simiilasyonlar i¢in ticari bir sonlu elemanlar yazilimi olan Simufact Forming programi
kullanilmistir. 3D FE analizlerinde; Profil taslagindan (Beam Blank) iiretimi yapilan HEA 240
irtinliniin ilk 3 pasosunun kaba haddeleme simiilasyonu gergeklestirilmistir. Sekil 3’te HEA 240
profil i¢in yapilan simiilasyonlarin dizilimleri gosterilmistir.

Paso 1 [ — Paso 2

Sekil 3. FE simiilasyonunun sematik gosterimi (Schematic view of FE simulation)

Analizlerde kullanilan diizenek, alt ve iist merdane, beam blank ve kiitiik, itici ve tutucu
geometrilerinden olugmaktadir. Merdane, beam blank ve kiitiik geometrileri kati model olarak CAD
programinda olusturulduktan sonra analiz i¢in programa import edilerek analiz ger¢eklestirilmistir.
Analizlerde kullanilan merdaneler 1s1 iletimsiz ve rijit kalip olarak tanimlanmistir. Analizlerde beam
blank ve kiitiigiin malzeme Kalitesi olarak program kiitiiphanesinde bulunan St44-3_h Kalitesi
secilmistir. Analizlerde 1200 °C’de Heating prosesi uygulanmis olup 1. paso i¢in bu prosesten elde
edilen geometriler kullanilmistir. Diger pasolarda ise her biri i¢in bir dnceki paso sonucu olusan
geometriler kullanilmistir.

Analizlerde mesh tipi olarak Hexahedral secilmis olup her bir pasoda kullanilan eleman boyutu
Tablo 4’te verilmistir. Analiz ¢alismasi ev tipi kisisel bilgisayarda gergeklestirilmistir. Bu nedenle,
eleman boyutunun belirlenmesinde analiz siireci ve analiz sonucu elde edilen ylizey kalitesi etkili
olmustur. Cok kiiciik eleman boyutlarinda analiz siirecinin uzamasi, ¢ok biiylik eleman boyutlarinda
ise ylizey hassasiyetinin azaldigi ¢esitli denemelerde goriilmiistiir.

Analizlerde, pres tiirli olarak Tabular Motion se¢ilmistir. Ayrica zamana bagl olarak merdane
donme devri tanimlanmistir. HEA 240 ve IPE 140 profilinin simiilasyonlarinda kullanilan bazi
parametreler Tablo 4’te verilmistir. Ayrica, analizlerde mesh eleman boyutuna bagl olarak step sayisi
belirlenmis olup her bir paso i¢in step sayilarida verilmistir.
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Tablo 4. Analizde kullanilan parametreler (Parameters used in analysis)

HEA 240
Paso1 Paso2 Paso 3
Mesh (mm) 8 5 4
Donme (dev/dak) 66 47 70
Siire (saniye) 0.35 0.5 0.4
Adim 330 670 1000

3. SONUCLAR VE TARTISMA (RESULTS AND DISCUSSIONS)

HEA 240 profilin 3. Paso analiz sonucuna gore elde edilen kesit geometrisi ve numunenin kesit
geometrisi Sekil 5’te gosterilmistir. Olgiiler kesit geometrisinin temel dl¢iileri olup degerler ise Tablo
5’te verilmistir.

Simiilasyon sonucu elde edilen geometri ve Ol¢iiler, gergek liretim sonucu alinan numunedeki
geometri ve Olgiilere %95 ile %99.1 araliginda benzerlik gdstermektedir. Bu benzerlik, simiilasyon
sonuglari ile gercek iiretim verilerini tahmin edebilme imkaninin oldugunu gostermektedir. Mesh
eleman boyutunun azaltilarak yapilacak daha hassas analizlerde her iki kesit arasindaki olgii
farkliliklarinin, 6rnegin s ve t ile belirtilen 6l¢iilerde daha da azalacag: diistiniilebilir.

Deneysel Simiilasyon

-

Sekil 5. HEA 240 i¢in deneysel ve simiilasyon sonuglarin karsilastiritlmasi1 (Comparison between experimental and
simulation results for HEA240)

Tablo 6°da ise iiretim esnasinda hadde verisi olarak alinan haddeleme kuvvetleri ile analiz sonucu
elde edilen haddeleme kuvvetleri karsilastirilmistir. Haddeleme kuvvetleri arasindaki fark, %10 ile
%23 arasinda degismektedir. Gergcek {liretim sartlarinin tespitinin daha saglikli yapilmasi ile
(stirtinme katsayisi, malzemenin haddeleme sicakligi vb.) aradaki bu farkin daha da azalacagi
diistiniilmelidir. Yine de %10.3 ile %17.1 lik fark sicak haddeleme proseslerinde belirli bir l¢iide
kabul edilebilir. Ciinkii, deneysel iiretimde {ist ve alt merdanelerin donmesi ile ileriye dogru hareket
ederken, simiilasyonlarda belirli bir yonde verilen itme kuvveti ile hareket elde edilmektedir. Bu
durumun kuvvet sapmalarinda etkili oldugu diisliniilmektedir. Ayrica, imalat yonteminin kaba
haddeleme durumunda bu farki etkileyebilecegi sdylenebilir.
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Tablo 5. HEA 240 igin deneysel ve simiilasyon sonuglar1 (Experimental and simulation results for HEA240)

Sembol Deneysel glllill:ll(:;;(]))n % Fark
h 256 260 1.6
b 352 355 0.9
S 40 42 5.0
t 73 71 2.7
Alan (mm?) 49485 50033 11

Tablo 6. HEA 240 i¢in deneysel veri ve simiilasyondan elde edilen haddeleme kuvveti degerleri (Rolling force values
for HEA 240 calculated from experimental data and obtained from simulation)

Paso 1 Paso 2 Paso 3
Deneysel Simiilasyon Deneysel Simiilasyon Deneysel Simiilasyon
Kuvvet (kN) 1450 1300 3000 3500 3500 4100
% Fark 10.3 16.6 17.1

4, SONUCLAR (CONCLUSIONS)

Bu calismada gercek tiretimi yapilmis bir yapi ¢eliginin (HEA 240) ilk 3 pasosunun analizi
yapilarak, iiretim tesisinden alinan numune ile karsilagtirilmistir. Yapilan karsilastirmalarin sonuglari
asagida verilmistir.

» Kesit geometrileri karsilagtirildiginda, analiz sonucu elde edilen geometrik sekil ve dlciiler ile
tiretim tesisinden alinan numunenin sekil ve olgiileri yiiksek oranda benzerlik (%95-99.1) elde
edilmistir.

» Haddeleme kuvvetleri karsilastirildiginda gergek iiretim verileri ile simiilasyon arasinda %82.1
- %89.7 benzerlik elde edilmistir. Bu sonuglar hem analitik hesaplamalarda hemde simiilasyon
parametrelerinde yapilacak iyilestirmelerle daha da gelistirilebilir.

* Genel olarak gercek tiretim verileri ile simiilasyon sonucu elde edilen veriler incelendiginde
geometrik sekil hassasiyeti yiiksek oranda yakalanmaktadir. Haddeleme kuvveti verilerinde ise bazi
farkliliklar olmasina ragmen belirli bir 6lclide tatmin edici ve referans sayilabilir degerler elde
edilmektedir. Bu durum simiilasyon analizlerinin haddeleme prosesine uygulanabilirliginin agik
gostergesidir.
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ABSTRACT

Laser drilling is the nontraditional machining methods that provides the machining of
sheet metal parts with high precision and complex geometry. In laser drilling, the main
parameters such as the focal point, gas pressure and feed rate directly affecting the cutting
process play important role on the quality characteristics of the part. These parameters
significantly influence the main machining outputs or responses such as burr formation
and hole quality as well as the machining productivity. Thus, it is important to determine
the ideal machining parameters during laser drilling, especially in terms of minimum burr
formation. In this study, burr formation during laser drilling of ferritic stainless steel was
analyzed in detail and mathematical model of burr height (Bh) was developed. Drilling
operations were performed at three different focal point, gas pressure and feed rate.
According to the experimental results, the smallest Bh value was obtained with focal
point of -5, feed rate of 1200 mm/min and gas pressure of 12 bar. Based on analysis of
variance, the most important parameter for burr height was found as the feed speed with
38.71%. The cutting parameters, statistically, were evaluated for the burr height. The R?
value of Bh model obtained by response surface method indicated a robust relationship
in high level between the machining parameters and response.

Ferritik Paslanmaz Celigin Fiber Lazerle Delinmesinde Capak Yiiksekliginin
Modellenmesi ve Optimizasyonu

MAKALE BILGISI

Alinma: 06.08.2020
Kabul: 18.08.2020

OZET

Anahtar Kelimeler:
Lazer delme
Paslanmaz celik
Capak yiiksekligi
Matematiksel model

Lazer delme, sac metal pargalarin yiiksek hassasiyet ve karmagik geometri ile islenmesini
saglayan gelencksel olmayan isleme yontemidir. Lazer delmede, kesme islemini
dogrudan etkileyen odak noktasi, gaz basmci ve ilerleme hizi gibi ana parametreler
parganin kalite &zellikleri lizerinde 6nemli bir rol oynamaktadir. Bu parametreler, capak
olusumu ve delik kalitesi gibi ana isleme ¢iktilari1 veya tepkilerini ve isleme
verimliligini 6nemli Glglide etkiler. Bu nedenle, 6zellikle minimum c¢apak olusumu
acisindan uygun isleme parametrelerini belirlemek lazerle delme isleminde 6nemlidir. Bu
calismada, ferritik paslanmaz ¢eligin lazerle delinmesi sirasinda ¢apak olusumu ayrmtili
olarak analiz edilmis ve ¢apak yiiksekliginin (Bh) matematiksel modeli gelistirilmistir.
Delme islemleri ii¢ farkli odak noktasi, gaz basmeci ve ilerleme hizinda
gergeklestirilmistir. Deney sonuglarina gore, en kiigiik Bh degeri -5 odak noktasi, 1200
mm/dak ilerleme hizi ve 12 bar gaz basinci ile elde edilmistir. Varyans analizine gore,
capak yiiksekligi icin en 6nemli parametre % 38.71 ile ilerleme hiz1 bulunmustur. Kesme
parametreleri, ¢apak yiiksekligi i¢in istatistiksel olarak degerlendirilmistir. Tepki ylizeyi
metoduyla elde edilen Bh modelinin R? degeri, isleme parametreleri ve ¢ikt1 arasinda
yiiksek diizeyde giiclii bir iliski oldugunu gostermistir.

1. INTRODUCTION (GiRiS)

Laser drilling is known one of the improved machining processes in the manufacturing fields due
to their precision, low cost, and high speed of operation. Therefore, it is used in industrial area for
produce small hole such as aerospace components [1]. In this method, a laser beam is used as a heat
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source and provides increasing temperature rapidly to the melting. Desired hole quality with highest
accuracy can be obtained by controlling the laser machining parameters [2]. At the same time, there
are many basic parameters that affect this situation such as laser type and power, cutting speed, assist
gas type, gas pressure and workpiece material in laser drilling [3]. In addition to this, ferritic stainless
steels are used in numerous industrial areas such as hot water tanks, kitchen utensils, architecture and
decorative applications as well as food, automotive and chemical industries due to the good
toughness, ductility and outstanding stress-corrosion cracking resistance according to austenitic
stainless steels [4-5]. However, because of the low welding capacity of stainless steels, mechanical
connections are required for the assembly of some parts made from these materials. In this case, it
becomes inevitable to create holes with machining methods such as drill or laser drilling processes.
In these processes, it is important to choose the machining parameters that affect the machining
outputs such as surface quality, burr formation, dimensional accuracy. Aurich et al. stated that burr
formation requires additional processing such as deburring and this increases processing costs [6]. At
this point, optimization of the machining parameters is very important for the control of burr
formation varying according to the machining method. In this context, some of the studies carried out
to understand the effects of machining parameters in laser drilling are summarized below.

Pak and Moradi investigated the parameters of laser percussion drilling process of nickel-base
superalloy Inconel 718 with thickness of 1 mm in the study. Laser power, laser pulse frequency and
assist gas pressure has been selected as the laser drilling process parameters. They found that laser
pulse frequency has a direct influence on the diameter of the entrance hole. Also, it has been
understood that entrance, exit hole diameter and hole taper increases with increasing laser power [1].
Jarosz et al. studied effect of the cutting speed on heat-affected zone (HAZ) and surface roughness in
laser cutting of AISI 316L stainless steel. It has been determined that cutting speed has a significant
effect on surface roughness, width of the heat-affected zone and presence of macro irregularities, such
as presence of dross, molten and burnt material [3]. Ozaki et al. examined cutting properties of
SUS304 stainless steel by using AGF laser cutting 2. Laser power and cutting speed were varied in
order to study the effect of these parameters on cutting properties. They found that when laser power
was 2.0 kW, cutting speed could be increased up to 100 mm/s, and kerf width at specimen surface
was 0.28 mm [7]. Kotadiya and Pandya optimized the laser power, cutting speed and gas pressure
using response surface method (RSM) and analysis of variance (ANOVA) in laser cutting of stainless
steel in terms of the surface roughness. They found that the most important parameter was laser power
[8]. Wandera and Kujanpaa researched optimization of the fiber laser cutting parameters taking into
account cutting speed, focal point and focal length. They indicated that dross-free cut edges with
lower surface roughness and lower deviation could be obtained by decreasing cutting speed, using
longer focal length, and with focal position located on the bottom workpiece surface. It has been
determined that this dross-free cut edge, lower surface roughness and lower deviation were found at
the 254 mm focal length, cutting speed of 1.0 m/min, and focal position located on the bottom
workpiece surface [9]. Chatterjee et al., statistically examined the effects of parameters on hole
surface quality in laser drilling. According to ANOVA, they have been found that important
machining parameters are pressure and laser frequency [10]. Petru et al. studied influence of cutting
parameters on heated-affected zone after laser cutting process. It has been stated that in case of using
continuous CO: laser, the degree of thermal influence on the workpiece does not related to only feed
rate, but also other parameters. They also indicated that suitable chosen parameters are provides good
results in terms of the quality of cutting surface and the size of heat-affected zone [11]. Moradi and
Golchin examined effects of process parameters on Inconel 718 workpiece using finite elements
method (FEM) and statistical modelling optimization in fiber laser drilling operation. At the statistical
analysis conducted, it has been found that the entrance and exit hole diameters, the hole taper angel,
and the weight of mass removed from the hole increase, by an increase in each of the input variables
(laser pulse frequency, laser power, laser focal plane position and duty cycle). They determined that
good agreement between simulation and optimization results [12]. Satpute et al. investigated the
effects of machining parameters on hole inlet-exit circularity and HAZ in laser drilling of 1.2 mm
thick soft steel. They stated that both the inlet and exit circularities were significantly affected by
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laser power and gas pressure. Also, it has been determined that HAZ is influenced by laser power and
scanning speed [13]. Yiice researched effects of the laser power, cutting speed and focal length on
surface roughness and kerf width in fiber laser cutting of AISI 304 stainless steel. He optimized the
process parameters using RSM. It has been determined that focal length has an important effect on
surface roughness and kerf width [14].

It is determined from the literature studies that there is no research on the laser drilling of ferritic
stainless steels. On the other hand, in the manufacturing industry, the removal of burrs that emerge
from after machined part can be caused negative consequences in terms of both cost and time. Also,
it can be caused deformation for precision parts. Therefore, it is necessary to analyze the effect of
drilling parameters on the burr formation. In this study, the effects of laser machining parameters in
fiber laser drilling of the AISI 430 ferritic stainless steel was investigated as experimentally and
statistically. Three different gas pressure, focal point and feed speed were used in the experiments.
Effects of the machining parameters on burr height were evaluated by analysis of variance (ANOVA)
in laser drilling of the stainless steel. Also, a mathematical model was developed for the burr height
by means of experimental data.

2. MATERIAL AND METHOD (MATERYAL VE YONTEM)

AISI 430 ferritic stainless steel has been used as workpiece material with thickness of 5 mm.
Nitrogen gas has been selected in order to avoid carbon dioxide and vaporization in the beam path
during fiber laser drilling. The chemical composition of the AISI 430 stainless steel material are
shown in Table 1 [15].

Table 1. Chemical composition of the workpiece material (wt.%) (is parcas1 malzemesinin kimyasal bilesimi)

C Mn P S Si Cr Ni
012 10 0.045 0.03 10 16.0-18.0 0.75

All laser drilling experiments were carried out in Nukon laser machine with 2.4 kW power.
Machining parameters were chosen feed rate, gas pressure and focal point. Experiments were carried
out with three different levels of machining parameters selected according to the recommendations
of the laser machine manufacturer and the data obtained from the literature (Table 2). According to
Taguchi Loz orthogonal array, 27 holes have been obtained in fiber laser drilling operations. Design
of experiments and statistical analysis have been performed by using MINITAB software. The
experiments were repeated twice and evaluations were made by taking the arithmetic average of the
burr height. The burr heights formed at the hole exit were measured with a micro camera as named
CLEMEX. A mathematical model was developed for predicting the burr height via response surface
method (RSM). Investigation procedure is shown in Figure 1 with sample burr height and drilled part.

Table 2. Parameters and levels (Parametreler ve seviyeleri)

Parameter Level1 Level2 Level
3
Focal point (Fp, mm) -5 -4 -3
Feed rate (f, mm/min) 1200 1600 2000
Gas pressure (P, bar) 12 15 18
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Figure 1. Investigation procedure (Arastirma prosediirii)

3. EXPERIMENTAL AND STATISTICAL RESULTS (DENEYSEL VE IiSTATISTIiKSEL
SONUCLAR)

3.1. Evaluation of Burr Height (Capak Yiiksekliginin Degerlendirilmesi)

Another important machining output that should be focused in the drilling process is the formation
of burr. The burr height is influenced by many conditions such as on the machining parameters,
material type and laser type. Understanding of burr formation is quite difficult in the laser drilling.
Because the molten material formed in the laser drilling process cannot be totally eliminated, after
resolidification at the entry, side wall and/or exit of the hole, it creates splash, recast-layer and burr,
respectively. However, burr formation depending on machining parameters can be controlled and
minimized. Also, it is very important to obtain the needed product quality by using controllable
machining parameters within the framework of sustainability. For this reason, burr height values of
hole exit were measured after laser drilling experiments and the effect of machining parameters on
burr formations were investigated. In Figure 2, the burr height values obtained within the scope of
the study are given depending on the focal point (-5, -4 and -3 mm) and other machining parameters
(pressure and feed rate).

First of all, nonuniform burr formation is observed around the hole exit for all machining
conditions, for example as seen in Figure 1. This result can be attributed to the dynamic characteristics
of the molten material quantity, which changes depending on the machining parameters. In the light
of the obtained data, it is observed that the burr height grows with increasing feed rate at constant gas
pressure. Also, it was determined that the burr height decreases with the increase of pressure at a
constant feed rate. However, it was found that as the gas pressure continued to increase, the values of
the burr height increases at constant feed rate. For this reason, it can be said that 15 bar gas pressure
is the critical level for the burr height in laser drilling of the stainless steel (Figure 2). On the other
hand, a mechanical force on the workpiece may occur due to high gas pressure in laser drilling. Thus,
the molten material easily can remove. The decrease of the burr height can be attributed this situation.
But, if the pressure go on to increase, the rising cooling speed can hinder the eject of the molten
material. For this reason, values of the burr height may increase depend on the this situation [16]. In
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the present study, a result similar to the situation mentioned above was obtained, and it is seen that
the burr height increases as the gas pressure increases from 15 bar to 18 bar (Figure 2).

As a result of the performed laser drilling operations, the lowest burr height was found as 504 um
at a feed speed of 1200 mm/min, focal point of -5 and gas pressure of 15 bar. The highest burr height
was determined 4039 um at a feed speed of 2000 mm/min, focal point of -3 and gas pressure of 18
bar. At constant focal point of -3 and gas pressure of 12 bar, it was calculated that with rise of the
feed speed from 1200 to 1600 and from 1600 to 2000 mm/min, the burr height was increased 20.54%
and 26.22%, respectively. When looking at the same conditions in terms of -4 focal point, the burr
height increased by 11.57% and 12.94%, respectively; for the -5 focal point, increases of 20.84% and
12.85% were found, respectively. At constant focal point of -3 and gas pressure of 15 bar, it was
calculated that with increase of the feed speed from 1200 to 1600 and from 1600 to 2000 mm/min,
the burr height was increased 32.5% and 55.26%, respectively. When looking at the same conditions
in terms of -4 focal point, the burr height increased by 88.90% and 134.72%, respectively; for the -5
focal point, increases of 35.12% and 145.52% were achieved, respectively. At constant focal point of
-3 and gas pressure of 18 bar, it was calculated that with increase of the feed speed from 1200 to 1600
and from 1600 to 2000 mm/min, the burr height was increased 127.73% and 77.54%, respectively.
When considering the same conditions for -4 focal point, the burr height increased by 68.12% and
60.60%; for the -5 focal point, increase of 538.68% and 129.98% were found, respectively.
Consequently, the lowest burr height was obtained as 504 found as 504 um at a feed speed of 1200
mm/min, focal point of -5 and gas pressure of 15 bar.

Feed rate Feed rate
—e—1200 1600 2000 (rmmy/min) —e—1200 1600 2000 i
4500 4500
4000 4000
23500 23500
E 3000 3000
2 2500 5 2500
x 2000 = 2000
2 1500 2 1500
1000 1000
500 500
0 0
-3 12 15 18 -4 12 15 18
focal PRESSURE (BAR) focal PRESSURE (BAR)
——1200 1600 2000 (f:;d/;:::)
4000
23500
%3000
52500
- 2000
> 1500
1000
500
0
-5 12 15 18
focal PRESSURE (BAR)

Figure 2. Change of burr height depending on machining parameters (isleme parametrelerine bagli gapak yiikseklik
degisimi)
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The effects of machining parameters on the burr height was detected by analysis of variance
(ANOVA). The ANOVA was carried out at 95% confidence level. If P value less than 0.05, the
parameters are significance on the response. The results are shown in Table 3. When evaluate the
ANOVA results, it was determined that the feed speed has the highest effect with a 38.71 % of PCR
in laser drilling. In addition, the gas pressure, has another important effect with a 36.08% of PCR.
Lastly, it has been seen that the focal point has effect on burr height with a 14.72% of PCR.

Table 3. ANOVA results for Bh (Capak yiiksekligi igin ANOVA sonuglari)

Parameter DF SS MS F P PCR
Fp 2 4979437 2489718 16.36 0.001 14.72
f 2 13090450 6545225 43.02 0.000 38.71
P 2 12200274 6100137 40.09 0.000 36.08
Fp*f 20 406589 101647 0.67 0.632 1.20
Fp*P 26 1087812 271953 1.79 0.225 3.22
f*P 836675 209169 1.37 0.324 2.48
Error 1217213 152152 3.59
Total 33818449

3.2. Response Surface Methodology Based Mathematical Modeling (Yamit Yiizey Metodolojisi
Tabanh Matematiksel Modelleme)

Mathematical modeling can be constituted using different techniques for obtained an output
parameter (response) in any field depending on numerous input parameters. By the way, response
surface methodology (RSM) is a technique commonly used to develop mathematical model for
predicting the response and understand the interactions between machining parameters and responses.
Also, statistical analysis of output parameters with RSM is possible depending on the experimental
results [17]. In this regard, the mathematical model of burr height was created by using RSM with
the data gained during drilling of AISI 430 ferritic stainless steel. The mathematical model for the
response was developed with the full quadratic regression model:

Y =B +Zk:ﬂixi +Zk:ﬁiixi2 @)
=1 =1

In Eqg. (1), Y is the dependent variable, So is constant regression coefficient, i and fii are regression
coefficient, X; is uncoded (real) values of independent variable and k is parameter number. Developed
models based on the focal point (Fp), feed speed (f) and gas pressure (P) for burr height (Bn) is shown
in Eq. (2).

Bh = 19482 — 3901Fp — 4.04f — 2837P — 323Fp? + 0.001613f2 + 86.8P% + 0.448Fpf + 73FpP + 0.1845fP  (2)
The coefficients of determination (R?) value was found to determine the quality of the
mathematical model created using response surface methodology. In other words, it can be said that

R? is define the relationship between the machining parameters and the responses. Comparison of the
experimental and predicted results is shown in Figure 3 for burr height (Bh).
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Figure 3. Comparison of the experimental and predicted results for Bh (Bh igin deneysel ve tahmini sonuglarin
karsilastirilmasi)

The coefficient of determination for predicting the burr height was found as 94.09%. The R? value
and the error bars shown in Figure 3 indicated that the developed model is reliable and strong of the
relationship between the machining parameters and response.

4. CONCLUSIONS (SONUCLAR)

In this study, the effects of machining parameters in fiber laser drilling of the ferritic stainless steel
was investigated and also a mathematical model was developed by response surface methodology for
the burr height. The obtained results are listed below.

It was obviously determined that the burr height values for each focal point are increased with
the rise of feed speed at constant gas pressure.

* It has been determined that the height of the burr was decreased with the increase of the gas
pressure from 12 bar to 15 bar at constant feed speed. But, in the second stage, it has been observed
that the burr height was increased with the increase of the gas pressure 15 bar to 18 bar.

« The optimum machining parameters were found as feed speed of 1200 mm/min, focal point of
-5 and gas pressure of 15 bar for minimize the burr height.

« Based on ANOVA results, it was determined that the most influence parameter for burr height
was found feed speed with 38.71 of % PCR in laser drilling.

« The R? value of Bh model obtained by response surface method indicated a robust relationship
in high level between the machining parameters and response.
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MAKALE BILGISI OZET
Alinma: 25.07.2020 Is1 destekli isleme yontemi, is parcasi ylizeyinin bir enerji kaynagi ile bolgesel olarak
Kabul: 20.08.2020 sitilmast ve ardindan bu bolgenin kesici takim tarafindan islenmesi prensibine

dayanmaktadir. Is1 destekli islemede 1sitma islemi icin lazer, indiiksiyon, plazma ve

Anantar Kelimeler: oksi-gaz alevi gibi farkli tiirden enerji kaynaklari yaygin olarak kullanilmaktadir. Bu

Is1 destekli isleme

TIG amaca en uygun enerji kaynaklarindan biri de maliyeti diigiik, ulagilmasi ve kontrolii
Kesme giicii kolay, otomasyona uygun bir enerji kaynagi olan Tungsten Inert Gaz (TIG)
AISI 4340 yontemidir. Bu ¢aligmada, TIG y6nteminin 1s1 destekli isleme i¢in uygulanabilirligi

ve talag kaldirma isleminde harcanan giic {izerindeki etkileri arastirilmistir.
Deneylerde is malzemesi olarak 49HRC sertliginde AISI 4340 ¢eligi kullanilmustir.
Tornalama isleminde, kaplamali karbiir kesici takimlar kullanilmistir. Calisma, TIG
yonteminin 1s1 destekli isleme i¢in uygun bir enerji kaynagi olabilecegini gostermistir.
Elde edilen sonuglar, TIG yonteminin uygulanabilirlik agisindan bazi avantaj ve
dezavantajlara sahip oldugunu gostermistir. TIG ydntemiyle yapilan 1s1 destekli
islemede konvansiyonel islemeye gore kesme igin harcanan giicte %46’ya varan
iyilesme saglanmistir. Ayrica konvansiyonel islemeye gore daha dengeli bir isleme
gergeklesmistir. TIG yontemiyle yapilan 1s1 destekli islemede yiiksek kesme hizlari ve
kisa devre olusumu nedeniyle arkin kesilmesi baslica dezavantaj olarak belirlenmistir.

Feasibility of TIG Technique in Heat-Assisted Machining of Hardened AISI
4340 Steel

ARTICLE INFO ABSTRACT

Received: 25.07.2020 Heat-assisted machining method is based on the principle that locally heated the
Accepted: 20.08.2020 surface of work piece by the energy source and then this zone is machined by the
Keywords: cutting tool. For heating process in heat assisted machining different types of energy
Heat-assisted machining sources such as laser, induction, plasma and oxy-gas flame are commonly used. One
TIG of the most suitable energy sources for this purpose is the Tungsten Inert Gas (TIG)
Cutting power method, which is cost-effective, easy to access, easy to control and being suitable
AISI 4340 energy source for automation. In this paper, the applicability of the TIG method for

heat-assisted machining and the effects on the power expended in the chip removal
process was investigated. In the experiments, 49HRC hardened AISI 4340 steel is
used as work material. Coated carbide cutting tools were used in the turning process.
The study showed that the TIG method can be suitable energy source for heat assisted
machining. The results showed that the TIG method has some advantages and
disadvantages in terms of applicability. An improvement up to 46% has been achieved
in the power consumed for cutting compared to conventional machining in heat-
assisted machining with TIG method. In addition, more stable machining has been
realized comparing to conventional machining. The main disadvantage of the heat-
assisted machining with TIG method is the arc failure due to high cutting speeds and
short circuit formation.

1. GIRIS (INTRODUCTION)

Mevcut iiretim teknolojileri ile yapilan tiretimlerde yiiksek kesme kuvveti, yiliksek kesme sicakligi,
kotii yilizey, kisa takim Omrii karsilagilan baglica sorunlardir. Diisiik kesme hizlar1 kullanilmasi
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nedeniyle isleme zamani uzamaktadir. Bu sorunlarin birlesmesi ile iiretim maliyetleri artmaktadir.
Islenmesi zor malzemelerin islenebilirligini gelistirme ile ilgili calismalar hala arastirmacilar igin ilgi
cekici bir 6zellige sahiptir. Bu malzemelerin yliksek dayanimi, sertligi ve gerinim sertlesmesi gibi
ozellikleri yiiksek kesme enerjisi gerektirmektedir. Bunun sonucu olarak kesme bolgesindeki sicaklik
artmaktadir. Ancak kesme bolgesindeki bu sicaklik kesici takimin plastik deformasyonuna, 1siya
bagh takim aginmalarina ve takim malzemesi ile is malzemesi arasindaki kimyasal iligkisinin
pekismesine yol agmaktadir.

Bahsedilen sorunlar ger¢eklesmedigi siirece kesme bolgesinde aciga cikan 1s1 islenebilirlige
olumlu yonde etki etmektedir. Bu yiizden arastirmacilar kesme islemlerinde kritik bir role sahip olan
1sinin yonetilmesine ve kontrol edilmesine odaklanmiglardir. Calismalarin bir kismi kesme
bolgesindeki sicakligin diisiiriilmesine ait caligmalardir. Burada islenmesi zor malzemeleri islemek
icin minimum miktarda yaglama, yiiksek basin¢li sogutma, kriyojenik isleme ve sogutulmus hava ile
isleme kesme bolgesindeki sicakligr diisiirmek i¢in kullanilan yontemlerdendir. Diger bir grup
caligma ise kesme bolgesindeki sicakligi artirmaya yonelik yapilan ¢aligmalardir. Bunlar 1s1 destekli
isleme (Heat-Assisted Machining) bashig: altinda toplanabilir. Lazer [1], plazma [2], oksi-gaz alevi
[3], indiiksiyon akimi [4] ve Tungsten Inert Gas (TIG) teknigi [S] is malzemesini 1sitmak igin
kullanilan tekniklerdir.

Isi, malzemelerin sekillendirilmesine olumlu yonde etki etmekte ve islemede plastik
deformasyonu kolaylastirmaktadir. Isitma sayesinde kesme bdlgesindeki malzemenin akma
dayanimu, sertligi ve peklesme egilimi diiser, boylece takim tezgadhinin harcadigi gii¢ azalir [2] ve
talas kaldirma islemi daha diisiik kesme kuvvetleri ile gerceklesmis olur [6]. Is1 destekli isleme ile
talag kaldirma orami artar [7], takim asinmasi azalir [8], yiizey kalitesi iyilesir [9], sertlestirilmis
parcalar karbiir kesici takimlarla islenebilir [10], taslama islemi elimine edilebilir [11], sogutma s1visi
kullanilmadig1 i¢in ¢evreye verilen zararlar azalir [12]. Ist destekli islemede kullanilan enerji kaynagi
1sitmay1 dar bir bolgede yapmalidir [13]. Isitma derinligi kesme derinligini asmamalidir.

Is1 destekli isleme icin kullanilan enerji kaynaklari degerlendirildiginde; ekonomiklik ve
ulagilabilirlik, kontrol kolaylig1 ve diisiik bakim maliyeti gibi 6zellikler aranmaktadir. Glinlimiizde
yapilan calismalarda lazerin 1s1 destekli islemede yaygin sekilde kullanildig1 goriilmektedir. Lazer
isitma islemini etkili bigimde gerceklestirmede esneklik ve kontrol kolayligi saglar, ayrica
otomasyonu kolaydir. Ancak lazer kurulum ve bakim maliyeti yiiksek bir enerji kaynagidir. Yiiksek
radyasyon/yogunlastirilmis enerji kaynagi olarak operatdr, takim-tezgahi ve ¢evre i¢in zararh etkiler
olusturabilir. Bu agidan bakildiginda, TIG kaynak yontemi ideal bir enerji kaynagi olarak one
cikmaktadir. TIG kaynak yOntemi ile i malzemesinde dar bir kismi 1sitmak miimkiindiir. Ayrica
enerji girisini daha iyi kontrol etmek igin gerekli parametrik ayarlar (akim siddeti, koruyucu gaz
debisi vb.) kolayca yapilabilir. Amin ve arkadaslar1 [5] ¢alismalarinda TIG kaynak makinesini 1s1
kaynagi olarak kullanmiglardir. Calismalarinda, AISI 304 paslanmaz ¢eligin islenmesinde titresim
genligini ve takim agmmasi diisiirecek optimum kesme sicakligini arastirmiglardir. Deneyler
sonucunda AISI 304 paslanmaz ¢eligin TIG yardimli 1s1 destekli islenmesinde optimum kesme
sicakligini 450 °C olarak bulmuslardir.

Bu calismada, harcanan gilic bakimindan 1s1 destekli isleme ile konvansiyonel isleme
karsilagtirilmistir. Ayrica ulagilabilir ve maliyeti diigiik bir enerji kaynagi olan TIG tekniZinin 1s1
destekli isleme i¢in uygulanabilirligi aragtirilmistir. Deneylerde islenmesi zor bir malzeme olan 49
HRC sertligindeki AISI 4340 celigi kullanilmigtir.

2. MATERYAL VE YONTEM (MATERIAL AND METHOD)

TIG kaynaginda pek c¢ok parametre bulunmaktadir. Onceki calismada TIG kaynagi
parametrelerinden hangilerinin 1s1 destekli isleme i¢in etkin parametreler oldugu belirlenmistir ve
ylizey sicakligi tizerindeki en etkili TIG parametresinin akim siddeti oldugu goriilmiistiir [14]. Tablo
I’de deneylere ait c¢alisma parametreleri ve bunlarin seviyeleri gosterilmektedir. Kesme
parametrelerinden kesme hizi (m/dak) ve ilerleme oran1 (mm/dev) degisken alinirken kesme derinligi
sabit 1 mm almmustir. Isleme parametreleri ve bunlarin seviyelerine gore hazirlanmis deney plani
Tablo 2’de verilmistir.
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Tablo 1. Isleme parametreleri ve seviyeleri(Machining parameters and levels)

Parametreler Birim  Seviyel  Seviye2  Seviye3
Kesme hiz1 (V) m/dak 159 176 194
ilerleme oram ( f) mm/dev 0.11 0.18 0.24
Akim (A) Amper 150 175 200

Is1 destekli isleme deneyleri aym1 kesme sartlarinda konvansiyonel olarak tekrar edilmistir.
Calismada iyi bir tokluga sahip olan ve yaygin kullanilan bir celik tiirii olan AISI 4340 celigi
kullanilmigtir. Numuneler ii¢ farkli kesme hizina gore @104x120 mm-©115.5x120 mm-@127 x120
mm boyutlarinda hazirlanmis ardindan 49 HRC degerinde sertlestirilmistir.

Tablo 2. Konvansiyonel ve 1s1 destekli isleme i¢in deney plan1 (Test plan for conventional and heat-assisted machining)

Deney Kesme flerleme-f Akim-A | Deney Kesme lerleme-f Akim-A
No PV (mm/dev) (Amper)| No huzi-V (mm/dev) (Amper)
(m/dak) (m/dak)
1 159 0.11 0 19 176 0.18 175
2 159 0.11 150 20 176 0.18 200
3 159 0.11 175 21 176 0.24 0
4 159 0.11 200 22 176 0.24 150
5 159 0.18 0 23 176 0.24 175
6 159 0.18 150 24 176 0.24 200
7 159 0.18 175 25 194 0.11 0
8 159 0.18 200 26 194 0.11 150
9 159 0.24 0 27 194 0.11 175
10 159 0.24 150 28 194 0.11 200
11 159 0.24 175 29 194 0.18 0
12 159 0.24 200 30 194 0.18 150
13 176 0.11 0 31 194 0.18 175
14 176 0.11 150 32 194 0.18 200
15 176 0.11 175 33 194 0.24 0
16 176 0.11 200 34 194 0.24 150
17 176 0.18 0 35 194 0.24 175
18 176 0.18 150 36 194 0.24 200

Deney diizenegi Sekil 1’de gosterilmektedir. Deneyler maksimum devir sayis1 1000 dev/dak olan,
7 kW giiciindeki bir tiniversal torna tezgdhinda yapilmistir. Deneylerde 1s1 kaynagi olarak maksimum
200 A akim siddetinde galisabilen hava sogutmali bir TIG kaynak makinesi kullanilmistir. Elektrot
ucu ile is malzemesi arasindaki ark mesafesi 2 mm alinmistir. Kesici takim olarak Sandvik firmasinin
SNMG 12 04 08-QM 4225 ISO kodlu kaplamali karbiir kesici ucu kullanilmigtir. Kesici ucu
baglamak i¢in PSBNR2525M12 ISO kodlu takim tutucu kullanilmistir.
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Sekil 1. TIG tekniginin kullanildig1 1s1 destekli isleme deney diizenegi (Heat assisted machining experimental setup
using TIG technique)

Is malzemesi iizerinde olusan yiiksek akim ve deney sartlariin olusturdugu riskler nedeniyle
dinamometre kullanilmamstir. Torna tezgahinin talas kaldirma esnasinda harcadig: giicii belirlemek
icin Sekil 2°de verilen ii¢ fazli bir enerji 6lcer sistemi kullanilmistir. Olgiilen gii¢ verileri .xlsx uzantili
dosyalar seklinde Ethernet baglantis1 kullanilarak bilgisayara aktarilmigtir. Talag kaldirma orami
(MRR) kesme isleminin performansi hakkinda kullanicilara fikir vermektedir. MRR kesme
deneylerinde kullanilan kesme hizi, ilerleme orani ve kesme derinligi seklindeki ii¢ bagimsiz
degiskenin ¢arpimindan elde edilen bir orandir. Deneylerde yapilan gii¢ 6l¢iimlerine gére MRR’deki
artisa bagl olarak kesme aninda harcanan giicteki degisim (Giig/MRR) degerlendirilmistir. Elde
edilen verilerin istatistiksel analizinde Minitab programi kullanilmistir.

Sekil 2. Deneylerde kullanilan enerji 6lger sistemi goriiniimii (View of energy meter system used in experiments)
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3. DENEY VE OPTiMiZASYON SONUCLARI (EXPERIMENT AND OPTIMIZATION RESULTS)

Tablo 2’deki deney planina gore gergeklestirilen deneyler neticesinde elde edilen kesme aninda
harcanan ortalama gii¢, talas kaldirma orami (MRR) ve 1s1 destekli isleme neticesinde gii¢
tiiketimindeki iyilesmeler Tablo 3’de yer almaktadir. Is1 destegi alinarak yapilan tim islemelerde
kesme aninda torna tezgahinin harcadigi giiclin ayni sartlardaki konvansiyonel islemeye gore azaldigi
tespit edilmistir. Harcanan gilic bakimindan en iyi sonucun 34 numarali deneyde elde edildigi
goriilmektedir. 33 numarali deneyde konvansiyonel isleme sartlarinda kesici takim iizerine gelen
yiikleri karsilayamamis ve kirtlmistir. Ist destekli isleme icin her kesme sartinda gii¢c gereksiniminin
konvansiyonel islemeye gore daha az oldugu goriilmektedir. Yiizde iyilesme miktarlarina
bakildiginda 1s1 destekli isleme sayesinde konvansiyonel islemeye gore kesme aninda harcanan giigte
bir kazanim saglandig1 goriilmektedir. Ancak TIG yontemi kullanilarak yapilan 1s1 destekli isleme
kendi i¢inde degerlendirildiginde 150A, 175A ve 200A kullanilarak yapilan igslemeler arasinda
belirgin bir farkin olmadigi, iyilesme oranlarinin birbirine yakin oldugu goriilmektedir. Bu yakinliga
ark olusumunda yasanan gii¢liikler ve akim degerlerinin birbirine ¢ok yakin olmasinin neden oldugu
distiniilmektedir. Kesme aninda harcanan giigteki yiizde iyilesme miktarinin yani sira Giig/MRR
orant iglemin verimliligi hakkinda fikir vermektedir. Konvansiyonel islemeye gore 1s1 destekli
islemede daha diisiik gii¢ler kullanilarak ayni oranda talas kaldirilmistir.

Sekil 3’teki grafiklerde konvansiyonel isleme ve 200A kullanilan 1s1 destekli isleme icin kesme
aninda harcanan giiciin MRR’deki artisa gore degisimi degerlendirilmistir. Is1 destekli islemede gii¢
gereksiniminin MRR arttikca azalma egiliminde oldugu goriilmektedir. Benzeri bir azalma egilimi
konvansiyonel islemede goriilememistir. Is1 destekli islemedeki bu degisime kesme bolgesine 1s1
girdisinin artmas1 nedeniyle malzeme sertligindeki azalma neden olabilir [8].

Tablo 3. MRR-Giig iliskisi ve kesme sirasinda harcanan giigteki iyilesmeler (MRR-Power relationship and
improvements in power consumed during cutting)

Dilnoey (cmngk) (E\l/le) Gi¢/MRR Iyﬂc;zme D(ra\lnoey (chr:?sgk) (E\l/l\?) Gi¢/MRR Iylloezme
1 175 142 0.081 19 317 201 0063  16%
2 175 129 0.074 9% 20 317 1.97 0062  18%
3 175 119 0.068 16 % 21 423 297 0.070
4 175 128 0.073 10 % 22 423 240 0057  19%
5 286 184 0.064 23 423 232 0055  22%
6 2866 180 0.063 2% 24 423 235 0055  21%
7 286 176 0.062 4% 25 213 163 0.077
8 286 171 0.060 7% 26 213 157 0.074 4%
9 382 250 0.066 27 213 155 0.073 5%
10 82 222 0.058 11 % 28 213 151 0.071 8%
11 382 223 0.059 11 % 29 34.9 252 0.072
12 82 222 0.058 11 % 30 34.9 2.16 0062  14%
13 194 149 0.077 31 34.9 221 0063  12%
14 194 144 0.074 4% 32 34.9 2.16 0062  14%
15 194 139 0.072 7% 33 465 4.90 0.105
16 194 144 0.074 4% 34 465 262 0056  46%
17 317 238 0.075 35 465 272 0059  44%
18 317 1.96 0.062 18 % 36 465 267 0057  45%
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Konvansiyonel isleme GUG/MRR Isi Destekli Isleme(200A) GUG/MRR
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Sekil 3. a) Konvansiyonel islemedeki Glig/MRR orani, b) Is1 destekli islemedeki Giig/MRR orani (Power/MRR ratio in
conventional machining, b) Power/MRR ratio in heat assisted machining)

Sekil 4’de kesme hizi, ilerleme orami ve akim parametrelerinin kesme aninda harcanan giice
etkilerini gosteren etki grafikleri verilmistir. Konvansiyonel islemeye (0 amper) gore 1s1 destekli
islemenin harcanan giiclin azalmasinda etkili oldugu goriilmektedir. Ancak 1s1 destekli islemede 150
A ile 200 A arasindaki farkin harcanan giicli 6nemli Glglide azaltacak bir etkiye sahip olmadigi
gorlilmektedir. Bu duruma, akim seviyeleri arasindaki farkin az olmasi 6nemli bir etkendir. Daha
yiiksek akim degerlerinin kullanilmasi durumunda, harcanan giiciinde buna bagli olarak 6nemli
diizeyde diisecegi degerlendirilebilir. Ilerleme orami ve kesme hizindaki artisin kesme isleminin
dogas1 geregi harcanan giicii artirdigi goriillmektedir. Kesme hizi ve ilerleme orani arttiginda isleme
stiresi kisalmakta, dolayisiyla 1sitma siiresi azalmaktadir [15]. Buna bagh olarak 1s1 destekli isleme
yardimiyla saglanan 1s1 girdisi azalmaktadir.
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Sekil 4. Isleme parametrelerinin kesme icin harcanan giice etkileri (The effects of machining parameters on the power
consumed for cutting)

Sekil 5°de kesme hizi, ilerleme oran1 ve akim degerlerinin kesme aninda harcanan gii¢ iizerindeki
ikili etkilesimleri verilmistir. Kesme hizi ve ilerleme orani arttikca torna tezgdhinda kesme igin
harcanan giigte artmistir. Kesme hizi - akim ve ilerleme orami - akim etkilesimlerine bakildiginda
konvansiyonel isleme ile 1s1 destekli isleme arasindaki fark belirginlesmektedir. Ancak, burada farkl
akim degerlerinin kesme aninda harcanan gii¢ {iizerinde neredeyse ayni etkiyi olusturdugu
goriilmektedir.
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Sekil 5. Isleme parametreleri etkilesiminde harcanan giiciin degisimi (The change in the power consumed in the
interaction of processing parameters)

Tablo 4’de varyans analizi (ANOVA) verilmistir. 49 HRC sertligindeki AISI 4340 is
malzemesinin TIG yontemi kullanilan 1s1 destekli igsleme sistemi ile islenmesinde deney faktorlerinin
etki oranlaria bakilacak olursa kesme aninda harcanan giice sirasiyla ilerleme orani, kesme hizi ve
akim etki etmektedir. Tablo 4 incelendiginde yiiksek bir hata orani oldugu goriilmektedir. Bu
durumun konvansiyonel isleme esnasindaki gii¢ tiiketim dalgalanmasindan meydana geldigi
distiiniilmektedir.

Tablo 4. Is1 destekli islemede harcanan gii¢ icin ANOVA tablosu (ANOVA table for power consumed in heat assisted

machining)
Faktorler SD KT KO F-Degeri Katki Oram
(%)

Lineer model

V-Kesme Hizi (m/dak) 2 1918  0.959 7.86 11.87%

f-Tlerleme (mm/dev) 2 9.312  4.656 38.18 57.61%

A-Akim (Amper) 3 1.52 0.507 4.16 9.40 %
Hata 28 3414 0122 2112 %
Toplam 35 100.00 %

SD: Serbestlik Derecesi, KT: Kareler Toplami, KO: Kareler Ortalamast

Konvansiyonel islemeye ait Sekil 6a’da verilen grafikte baslangigta ani bir gii¢ artis1 meydana
geldigi goriilmektedir. Harcanan giicteki artisa, is malzemesinin sertligi nedeniyle kesici takimin
kesmeye baslayamamasi sonucu artan siirtiinmelerin yol agtig1 degerlendirilmektedir. Is1 destekli
islemede kesmeden az 6nce yapilan 6n 1sitma nedeniyle is malzemesi sertligi azalmaktadir dolayisiyla
1s1 destekli islemeye ait Sekil 6b, Sekil 6¢ ve Sekil 6d’de verilen grafiklerde benzer gii¢ artisi
goriilmemektedir. Is1 destekli islemede kesme isleminin konvansiyonel islemeye gore daha dengeli
gerceklestigi degerlendirilmektedir.

TIG yonteminde ark olusabilmesi icin elektrot ucu ile is pargasi arasinda bir ark mesafesi
bulunmasi sarttir. TIG yontemi ile gergeklestirilen 1s1 destekli islemede elektrot ve is pargasi
arasindaki arkin kesilmesi deneylerde karsilasilan baslica problem olmustur. Yiiksek kesme
hizlarinda ark olusumunda sorunlar yaganmistir. Ayrica kesme aninda talasin elektrot ile parca arasina
girmesi nedeniyle elektrot ucu bozulmus ve ark kesilmistir. Dinamik gergeklesen talag kaldirma
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isleminde ark mesafesinin korunmasi zorunlulugu TIG tekniginin lazer yardimh islemeye gore en
biiyiik dezavantajidir.
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Sekil 6. V=159 m/dak ve f=0.11 mm/dev kesme sartlarinda harcanan gii¢ degisimi; a) Konvansiyonel, b) 150A 1s1
destekli, ¢) 175A 1s1 destekli, d) 200A 1s1 destekli (The change in power consumed at cutting conditions V=159 m/min

and f=0.11 mm/rev; a) Conventional, b) 150A heat assisted, ¢) 175A heat assisted, d) 200A heat assisted)

4. SONUCLAR (CONCLUSIONS)

Bu ¢alismada, sertlestirilmis AISI 4340 c¢eligi enerji kaynagi olarak TIG yonteminin kullanildig:
bir 1s1 destekli isleme sistemi ile tornalanmistir. Bu arastirmadan elde edilen sonuglar asagida
Ozetlenmistir:

Yapilan ¢alismalar, TIG yonteminin 1s1 destekli isleme i¢in uygun bir 1s1 kaynagi oldugu
gostermistir. Bu bakimdan, TIG yontemi, lazer ve plazmanin yaninda, 1s1 destekli isleme i¢in
kullanilabilecek alternatif bir enerji kaynagidir.

Is1 destegi sayesinde kesme iglemi konvansiyonel islemeye gore daha dengeli bir sekilde
gergeklesmistir. Konvansiyonel islemede baslangicta meydana gelen ani gili¢ artisinin 1s1
destekli islemede meydana gelmedigi gorilmiistiir.

Is1 destekli islemede, konvansiyonel islemeye gore gii¢ tiikketiminde %46’ya varan iyilesme
saglanmstir.

Is1 destekli islemede MRR arttik¢a torna tezgahinin gii¢ gereksiniminin azalma egiliminde
oldugu gozlemlenmistir.

Akim siddetindeki artisin kesme aninda harcanan gii¢ iizerinde belirgin bir iyilesmeye
saglamadigi belirlenmistir.

Talasin ark bolgesine girmesi sonucu kisa devre olusmasi ve yiiksek kesme hizlarinda ark
kesilmesi oldugu tespit edilmistir.
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