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ABSTRACT

Steel pile pipes used for offshore applications and port construction are subject to high
levels of corrosion. To protect the top end of the steel pile pipe against aggressive
corrosion conditions, the splash zone of the steel pile pipe is coated with epoxy. For a
high strength offshore system applications, the requirement of the long term durability
of coating was specified as C5(H)Im2 according to 1ISO 12944. The coated specimens
with glass flake reinforced epoxy were exposed to neutral salt spray (NSS) for 1440
hours according to EN I1SO 9227 and examined adhesion strength of the coatings. The
corrosion and adhesion results of the samples which are coated in single and 2 layers
with a dry film thickness of 600 microns, were found to be suitable and the painting
operation was applied on the pipe to specify application condition. When the
application results were examined, it was seen that the sample with a dry film
thickness of 600 microns, coated in 2 layers, met the desired requirements.

Celik Kazik Borular Uzerindeki Cam Pulcuk Takviyeli Epoksi Kompozit
Kaplamanin Performans Ozelliklerinin Arastirilmasi

MAKALE BILGISI

Alinma: 24.10.2022
Kabul: 01.11.2022

Anahtar Kelimeler:

Celik kazik boru

Korozyon

Sigrant1 bolgesi

Cam pulcuk takviyeli epoksi

OZET

Acik deniz uygulamalar1 ve liman ingaasinda kullanilan ¢elik kazik borular1 yiiksek
diizeyde korozyona maruz kalir. Celik kazik borunun iist ucunu saldirgan korozyon
kosullarina karsi korumak igin ¢elik kazik borusunun sigrama bolgesi epoksi ile
kaplanmistir. Yiiksek mukavemetli agik deniz sistem uygulamalari i¢in, kaplamanin
uzun siireli dayaniklilik sart1 ISO 12944'e gore C5(H)Im2 olarak belirtilmistir. Cam
pulcuk takviyeli epoksi ile kaplanmig numuneler 1440 saat boyunca EN 1SO 9227'ye
gore notr tuz spreyine (NSS) maruz birakilmis ve kaplamalarin yapigma mukavemeti
incelenmistir. Korozyon ve yapisma test sonuglart uygun bulunan tek kat ve iki katl
600 mikron kuru film kalinligina sahip boyama sistemi ile uygulama kosullarinin
belirlenmesi igin boru iizerine boyama uygulamasi yapilmistir. Uygulama sonuglari
incelendiginde 600 mikron kuru film kalinligma sahip ve 2 katta kaplanmis
numunenin istenilen sartlari sagladigi gorilmiistiir.

1. INTRODUCTION (GIRiS)

Steel pile pipes are widely used in the construction of onshore and offshore foundations. The low
transportation damages, high material strength and high vibration absorption during driving are
among the most important advantages of steel pile pipes [1-4]. The corrosion zones of port
structures generally consist of atmospheric, splash, tidal, seawater and mud & backfill parts. Fig. 1
schematizes an example of corrosion environments for a steel pile pipe. The corrosion rate in the
splash zone is approximately 0.3 mm/year, while the rate of the atmospheric zone is less than 0.1
mm/year. The steel surface exhibits wet and dry cycles in the splash zone. Thus, the conditions at
the splash zone are generally more aggressive than at the full immersion zone since compared to the
latter, the steel surface is exposed to a thin layer of water which can easily carry dissolved oxygen.
For that reason, a coating is applied to the splash zone to avoid the corrosion of the steel pipe [5, 6].
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Organic coatings are a coating commonly used to protect metallic surfaces from corrosion.
Compared to other organic coatings, glass flake filled epoxy coatings are preferred in the marine
atmosphere due to their abrasion resistance, low water vapor permeability, chemical stability and
excellent cathodic disbondment properties. In recent years, paints containing glass flakes have been
investigated for metal protection in extremely corrosive environments, with the expectation that
composite coatings will significantly inhibit water penetration in the polymeric matrix [7-9]. The
improved barrier properties of glass flakes in the coating have attracted the interest of researchers to
study composite coatings containing glass flakes for corrosion resistance. In addition to corrosion
resistance, the use of glass flakes to improve some properties such as thermal and viscoelastic
properties is among some studies [10].
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Figure 1. Corrosion zones of steel pile pipe (Celik kazik borularin korozyon bolgeleri)

Salt spray testing is among the common methods for accelerated corrosion testing. Salt spray test
results have been associated with results obtained from atmospheric interaction in subtropical
environments, increasing its validity [11]. In addition, the accelerated non-electrochemical test is
the salt spray test, which is widely used for coating evaluation [12].

In this study, the corrosion properties of the steel coated with glass flake reinforced epoxy under
different conditions and the adhesion strength properties of the coatings were investigated.

2. MATERIAL AND METHOD (MATERYAL VE YONTEM)

In this study, three samples were prepared for each condition to be used in the experiments. Two
of them were used for the salt spray test and the remaining sample was used for the adhesion
strength test. For surface preparation of steel plates having dimensions of 150x50x3 mm, blasted by
using grit/shot steel mix. The grit/shot ratio was 1/1. The surface roughness values of all steel plates
were measured between 60 um and 90 um. The surface roughness was analysed by the Mitutoyo
surface roughness tester. In addition, the surface quality level was found to be at Sa 2.5 according to
the ISO 8501-1 standard and the surface was cleaned from visible oil and dirt.

After blasting, the paint mixing denoted as components A and B was prepared according to the
product technical data sheet. The paint application was performed on blasted steel plates by the
airless spraying technique. The theoretical dry film thickness (DFT) of coating types is given in
Table 1. The DFT measurements of coatings were performed by Elcometer 456 coating thickness
gauge. After the painting application, the curing temperature was selected as room temperature
(23+2° C) for all specimens. For the two-layer coating types, the painting of the second layer was
applied after the first layer had dried.
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Table 1. Coating condition (Kaplama sartlar1)

Coating Number of coating DFT of DFT of Total nominal
Type layer first layer second layer DFT on plates
1 Single layer 300 um - 300 um
2 Two-layer 300 um 300 um 600 pm
3 Single layer 600 um - 600 pum

The test samples were prepared for neutral salt spray (NSS) test. This test was performed
according to ISO 9227 [13]. Atmospheric corrosivity and immersion categories were specified as
C5(H)Im2 according to ISO 12944-6 [14].

During the test process, the samples are placed into the chamber and a solution of 50 £ 5 g of
sodium chloride (NaCl) per litre of deionized water is evaporated at a test temperature of 35 °C.
The conductivity of the used deionized water was measured as 4.64 uS/ cm. The PH level of the
salt-rich solution was specified as 7.0. The salt-rich NaCl vapor performs a corrosive attack on the
samples. In order to determine the long-term durability for C5(H)Im2 requirement, the samples
were kept in a salt spray cabinet (5% NaCl) up to 1440 hours and the tests were carried out under
the same aggressive conditions for all samples. After neutral salt spray test (NSS), the examination
of the coated specimens was performed according to 1ISO 4628-1 [15] standard requirements. Pull-
off tests of the coatings were performed according to 1ISO 4624 standard. The adhesion strengths of
coatings were measured by Positest AT-M digital pull-off adhesion tester.

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

The dry film thickness (DFT) of the coated specimens were measured. Fifteen gage readings
were made on each plate and their average DFT values were calculated. For coating type 1, the
average DFT of coating was measured as 311 um. For the two-layer type 2, the average DFT of the
first layer was 309 and the average of the top layer was 612 pm.

Table 2. The scale for designating the size and quantity of defects (Kusurlarin boyutunu ve miktarim belirlemek igin
olgek)

Rating Quantity of defects Size of defects

0 none, i.e. no detectable defects not visible under x10 magnification

very few, i.e. small, barely significant

1 number of defects visible under magnification up to x10
5 few, i.e. small but significant number of  just visible with normal corrected vision
defects (<0.2mm)
clearly visible with normal corrected vision
3 moderate number of defects (between 0.2 mm and 0.5 mm)
4 considerable number of defects between 0.5 mm and 5 mm
5 dense pattern of defects >5mm

For single-layer type 3, the average thickness was measured as 610 um. The accelerated neutral
salt spray (NSS) test provides valuable information regarding the protective performance of
coatings for the assessment of coating defects. This evaluation was carried out by following a
numerical scale (0-5) in accordance with I1SO 4628-1 [15] standard, where “0” means no
degradation and “5” points out the maximum degradation. The details of these information are
given in Table 2. The type of defect, the quantity and its size, is expressed as indicated in the
following examples: blistering; degree of blistering 2(S2), i.e. quantity 2/size 2.



Cil, Gel | Manufacturing Technologies and Applications 3(3), 1-7, 2022

Table 3. Data of the coating performance after NSS test (NSS testi sonras1 kaplama performansi verileri)

Coating Type

Evaluation Criteria Acceptance Criteria 1 > 3
Blistering
(Acc. to 1SO 4628-2) Max. 0 (S0) 0 (S0) 0 (S0) 0 (S0)
Rusting . . . .
(Acc. to 1O 4628-3) Max. Ri0 Ril Ri 0 Ri 0
Cracking
(Acc. 1o 1SO 4628-4) Max. 0 (S0) 0 (S0) 0 (S0) 0 (S0)
Flaking
(Acc. to 1SO 4628-5) Max. 0 (S0) 0(S0) 0(S0) 0(S0)
Corrosion around a scribe Max. Grade 1
(Acc. to 1SO 4628-8) (Max 1.5 mm as average of the nine Grade 3 Grade 1 Grade 1
values)

The results of the NSS tests are given in Table 3. When the test results were examined, it was
seen that the NSS results of coating type 2 and type 3 were within acceptable limits. Sample images
after 1440 NSS tests are given in Figure 3. The sample images support the results in Table 3. The
increase in coating thickness positively affected the corrosion resistance. The type-1 sample with a
dry film thickness of 300 microns showed unsatisfactory results compared to coating type 2 and
type 3.

In figure 2, the adhesion test results of coating types are given. It is seen that the adhesion results
of all coating types are close to each other. In a study of coating application on steel, Altuncu et al.
[16] stated that the surface roughness value between 60um-90um is the most appropriate range for
corrosion resistance. In another study [17], examining the effect of surface roughness on the
adhesion between steel and coating, it was reported that the increased surface area caused by
surface roughening positively affected the adhesion. The increase in surface roughness of the
samples used in this study was limited in order to keep the paint consumption at an optimum level
and to prevent corrosion problems. The adhesion test results of coatings 2 and 3 are above the
minimum requirement of 5 MPa [14].

For type 2 and type 3 coatings that are suitable for NSS and adhesion tests, the application was
made on the pipe. After applying the type 3 coating system, sagging occurred on the paint. On the
other hand, no visual defect was observed on the type 2 coating.
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Figure 2. The adhesion test results of the coating types (Kaplama tiplerinin yapigma test sonuglar1)
Condition Before NSS test After NSS test for 1440 hours

Type 1

Type 2

Type 3

(€) U]

Figure 3. (a), (b) Type 1, (c), (d) Type 2, (e), (f) Type 3, Neutral salt spray test for coating conditions ((a), (b) Tip 1, (c),
(d) Tip 2, (e), (f) Tip 3, Kaplama kosullari igin nétral tuz piiskiirtme testi)
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Figure 4. Coated pipe with coating type 2 on splash zone (Tip 2 kaplama ile kaplanan borunun sigrant1 bolgesi)

4. CONCLUSIONS (SONUCLAR)

The results obtained from the experiments are listed below;

1. Corrosion resistance of the coating decreased depending on the decrease in the coating
thickness. The type 1 coating system could not meet the desired corrosion conditions.

2. The surface roughness value between 60um-90um is sufficient to provide C5(H)Im2
requirement.

3. The type 2 and type 3 system coatings with glass flake reinforced epoxy meet the C5(H)Im2
requirement in accordance with 1ISO 12944.

4. The type-2 coating system is more applicable and has a high visual quality during the pipe
coating application.
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ARTICLE

INFORMATION ABSTRACT

Received: 28.09.2022 17-4PH steel is a martensitic precipitation hardening stainless steel with an excellent
Accepted: 10.11.2022 convenience of good corrosion resistance and high mechanical properties. At the same
Keywords: time, it has been determined from the literature that very little research has been done
17-4 PH on the milling of this steel, which is one of the materials that are difficult to process.
Milling Therefore, an experimental research was focused on the milling of the steel with

Cutting force
Energy consumption
Surface roughness

coated carbide inserts in a dry cutting environment, which is an eco-friendly cutting
regime. In the experiments performed with the up milling technique, the changes in
the resultant cutting force (Fr), surface roughness (Ra) and total cutting power or
energy consumption (Pcy) during machining were investigated. Experiments were
performed according to the Ly experimental design by choosing three different cutting
speeds (V), feed rate (f) and cutting depth (ap). Fr values were calculated with the
help of cutting force components measured with Kistler brand dynamometer and
equipment. The magnitude of Fr mostly depends on the cutting depth (64.92%) and
then the feed rate (30.26%), and it was determined that the forces relatively decreased
with the increase in cutting speed. While Ra was mainly affected by the feed rate
(65.52%), it was observed that the cutting speed had a substantial positive effect
(33.78%). According to the Pcy results, although the energy consumption owing to
the spindle speed increased at high cutting speed without changing the chip cross-
section, the decrease in material strength as a result of the increased cutting
temperature led to a decrease in the total energy consumption. However, the lowest
value was obtained at the smallest levels of the machining parameters.

17-4PH Paslanmaz Celigin Kuru Ortamda Frezelenmesinde Kesme
Parametrelerinin Islenebilirlik Kriterlerine Etkilerinin incelenmesi

MAKALE BILGISI OZET

Alinma: 28.09.2022

17-4PH celik, iyi korozyon direnci ve yiiksek mekanik o6zelliklerin olaganiistii bir
Kabul: 10.11.2022

uyumuna sahip olup martensitik ¢okeltme ile sertlesen bir paslanmaz ¢eliktir. Ayni

Anahtar Kelimeler: zamanda, iglenebilirligi zor olan malzemelerden olan bu ¢eligin 6zellikle frezelenmesi
IF:)H 17|'4 iizerine yok denecek kadar az arastirma yapildigi literatiirden belirlenmistir. Bu
rezeleme

nedenle, s6z konusu ¢eligin kaplamali karbiir uglar ile ¢evreye duyarli bir kesme
rejimi olan kuru kesme ortaminda frezelenmesi lizerine deneysel bir arastirmaya
odaklanilmistir. Zit yonlii frezeleme teknigi ile yapilan deneylerde, isleme sirasinda
ortaya ¢ikan bileske kesme kuvveti (Fr), ylizey piriizliligii (Ra) ve toplam kesme
giicii veya enerji tiiketiminin (Pcy) kesme parametrelerine gore degisimleri
aragtirilmigtir. Ug farkli kesme hizi (V), ilerleme orani (f) ve kesme derinligi (ap)
secilerek Lg deneysel tasarima gore deneyler yapilmistir. Kistler marka dinamometre
ve ekipmanlar1 ile Olgiilen kesme kuvveti bilesenleri yardimiyla Fr degerleri
hesaplanmistir. Fr’nin biilyilikliigii daha ¢ok kesme derinligi (%64.92) ve ardindan
ilerleme miktaria (%30.26) bagl olup, kesme hizinin artmastyla kuvvetlerin nispeten
azaldig1 belirlenmistir. Ra ise esasen ilerleme oram (%65.52) etkilenirken, kesme
hizinin  kiigiimsenmeyecek diizeyde olumlu bir etkiye (%33.78) sahip oldugu
gorlilmiistiir. Pcy sonuglaria gore, talas kesiti degismeksizin, yiiksek kesme hizinda
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fener mili devir sayisina bagli enerji tiiketimi artmasina ragmen, artan kesme sicakligi
yliziinden malzeme dayanimindaki azalma toplam enerji tiiketiminin azalmasin
saglamistir. Bununla birlikte, en diisiik Pcr degeri kesme parametrelerinin en kiiclik
seviyelerinde elde edilmistir.

1. INTRODUCTION (GIRiS)

The developments in the aviation industry have enabled the development of factors such as
correct use of time in machinability and appropriate cost by reviewing production technologies,
especially material quality. Accurate analysis of the machinability processes of PH (precipitation
hardening) stainless steels, which are particularly difficult to process and weld, plays an important
role in reducing the machinability costs [1,2]. 17-4PH stainless steel is a martensitic PH type, which
has the great strength of martensitic stainless steel along with superb corrosion resistance of
austenitic stainless steel. Aircraft engine parts, gears, chemical apparatus, nuclear reactor and ship
board components etc. Many important apparatuses in industrial applications such as these are
produced by shaping this material [3]. It is becoming a quite new and progressively popular
material for medical devices, as well as being frequently used in the defense industry and aerospace
industry due to its superior mechanical properties and high corrosion resistance. In particular, many
of the surgical and orthopedic instruments can be produced using conventional or unconventional
manufacturing methods [4,5].

On the other side, the machinability of 17-4PH material is poor due to bad surface quality as well
as chip formation with built up edge creation in carbide tools due to high cutting temperatures
during machining [6]. As is known, one of the key factors defining the efficacy of material use is
surface topography. Biomedical material has an important effect on the working properties of parts,
especially on wear and corrosion characteristics [7]. However, changing cutting parameters during
machining operations such as turning, milling, drilling, etc. can seriously alter surface integrity
properties for example surface roughness, residual stress, and microstructure. It has been proven
that surface properties can significantly affect the facility performance of components such as
fatigue life and corrosion resistance [8,9]. Besides, the milling method is often used in the
production of various machine parts, especially in the aerospace, automotive, aerospace, molding
and cutting tool industries. Depending on the milling kinematics, two types of milling operations
are applied as down milling and up milling, and the surface roughness and cutting forces change
according to these milling types [10]. At the same time, estimation or measurement of cutting forces
is an important factor for reducing power consumption in machining process. By optimizing the
cutting parameters such as cutting speed, cutting depth and feed rate, reducing the cutting force can
directly regulate the energy consumption in the metal cutting industry, resulting in a greener and
more environmentally friendly production process [11]. In general, estimation models developed for
calculating cutting forces require a measured cutting force profile [12]. Literature studies show that
the direct measurement of cutting force is more convenient than the data obtained from cutting
simulations based on material models, and advanced cutting force measurement dynamometers are
used for these studies, which can make simultaneous measurements throughout the machining
process and can be adapted to any machine tool [11,13]. It provides substantial records about the
procedure, such as cutting forces, design of bench tools, machining equilibrium, and even
estimation of tool wear and energy consumption. Machine tools have great influence for energy
efficiency advances and carbon emission reduction. Because a 1% drop in energy consumption with
processing activities can save ~55 kWh/year. In addition, reducing energy consumption in the
processing process is a way to minimize the environmental effect of production [14]. In this
context, researches on the power consumption of bench tools and the surface quality is very
important, and with existing processing equipment in the manufacturing industry, ensuring energy-
saving production while advancing surface quality in machining is a critical issue in reducing
energy consumption [15]. Some of the recent works on the machining of PH stainless steels are
summarized below.
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Leksycki et al. analyzed changes in chip forms and surface structure in machining 17-4PH steel
in dry, wet and near-dry machining for a certain range of feed and cutting speeds. Under dry, wet,
minimum quantity lubrication (MQL) and high pressure MQL environments, small curved chips
suitable for the cutting speed of 456 m/min and feed rate of 0.27 mm/rev were obtained. Matched to
dry machining, there was a 38-48% reduction in the parameters Sa, Sq, and Sz for the near-dry
condition. Depending on the processing conditions, it was determined that different textures were
formed on the machined surfaces, especially with anisotropic mixture and periodicity. Surface
isotropy was found in the range of ~6-10% under all studied cooling conditions, with Sa= 0.8-15.0
mm [16]. Palanisamy et al. investigated the performance of three types of tools; conventional,
horizontal texture and diamond texture on tangential cutting force, surface roughness, and insert
wear in semi-solid lubrication (MoS,) condition when turning 15-5PH stainless steel. It has been
detected that the diamond-textured cutting tool performs better in reducing cutting force and tool
wear, and also improves surface quality [17]. Sivaiah and Chakradhar investigated the effects of
LN, coolant and process parameters on temperature (T), tool wear, MRR, surface topography and
microhardness during machining 17-4PH material. Test results shown that Mode-1 (modified
toolholder cooling) reduced T and tool wear by up to 61% and 29%, respectively, compared to
Mode-Il (classical cryogenic cooling). In addition, it was emphasized that Mode-I approach
positively affects surface properties according to Mode-Il approach and this will lead to a
significant improvement in final product performance [1]. Liu et al. investigated the insert damage
process and its effects on machined surface roughness in high speed milling of 17-4PH stainless
steel. Although fracture, adhesive and diffusion wears contribute to insert damage, it has been found
that the insert is more prone to damage from fatigue fracture at lower cutting speed and from
peeling when speed is increased. During the machining, the mean roughness and deflection from the
processed surface increased considerably after notch wear. The spindle vibration caused by bit
damage and the large clearance between the tool edge and the workpiece cause severe chip
wrapping as well as scratches and ridges [18]. Basmaci et al. examined the effects of feed rate,
cutting depth and insert radius on surface roughness and cutting force when turning 17-4PH steel in
dry cutting condition with wiper and conventional inserts. While test results verify the efficiency of
wiper tips in providing excellent surface roughness, the most useful factor for Ra is feed. In terms
of cutting force, depth of cut was found to be the main factor for both cutter geometries. On the
other hand, tip radius is a secondary factor for surface roughness after feed [19]. Ondin et al.
investigated the changes in surface topography and insert wear during turning of PH13-8 Mo steel
by PVD TiAIN-(AICr),05 tool in dry, pure-MQL and nanofluid-MQL cutting regimes. Comparing
the dry cutting, about 5% and 12% lower surface roughness was obtained with MQL and nanofluid-
MQL, respectively. Similarly, flank wear was 40.2% and 69% lower under MQL and nanofluid-
MQL. On the other hand, they emphasized that nanofluids have some disadvantages such as high
production cost, machining steadiness, uniform distribution of nanoparticles, increased pumping
power and pressure fall [20]. Liu et al. conducted a study on fatigue performance after machining
17-4PH stainless steel using surface integrity changes and three-point bending tests. Fatigue
performance generally tended to decrease with increasing cutting speed due to increased plastic
deformation and strain hardening. The fatigue performance of the machined samples decreased
rapidly at first as the cutting depth increased due to the ever-increasing plastic deformation.
Because of the curved propagation tracks, the effects on fatigue life were overshadowed when the
surface roughness changes were small [21]. Popovici and Dijmarescu analyzed the effect of cutting
parameters (axial and radial cutting depth, cutting and feed speed) on surface quality once
machining 17-4PH steel with the same direction milling regime using carbide end mills.
Experimental results showed that the biggest effect on the Ra belonged to the radial cutting depth,
and Ra increased by the rise of cutting parameter. It was stated that the smallest effect on the
surface roughness belonged to the cutting speed [22].

When the literature is evaluated, it has been determined that the researches on surface quality,
cutting force, tool wear and energy consumption in the processing of PH group steels are mostly
done by using the turning method. However, in rare studies on milling 17-4PH steel, it is
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understood that only the effects of cutting parameters on surface roughness were investigated.
Therefore, the presented research investigated the changes in cutting force, surface quality and
energy consumption during milling of 17-4PH stainless steel in dry cutting regime. Accordingly, it
is aimed to contribute to sustainability by optimizing the amount of energy consumed in the milling
of a material that is difficult to process.

2. EQUIPMENT AND RESEARCH METHODOLOGY (EKiPMANLAR VE ARASTIRMA
METODOLOJiSI)

2.1. Material and Tool (Malzeme ve Takim)

In this study, 17-4PH (630 quality) stainless steel in sizes of 120 x 100 x 20 mm without any
heat treatment was used as workpiece. This steel is used for production of parts plays critical roles
in many industrial areas, especially in the aerospace and defense industry due to very high
mechanical strength and corrosion resistance. The chemical composition and mechanical properties
of its in line with the information received from the supplier (Birgelik A.S.) are given in Table 1 and
Table 2, respectively.

Tablo 1. Chemical composition of 17-4PH steel (wt.%) (17-4PH celigin kimyasal bilegimi)

C Mn Si P S Cu Mo Nb Cr Ni
0.07 1.0 0.7 0.04 0.03 3-5 0.6 0.15- 15-17 3-5
(max) (max) (max) 0.35

Tablo 2. Mechanical specification of 17-4PH steel (17-4PH c¢eligin mekanik 6zellikleri)

Tensile strength Yield strength (MPa) Percentage Hardness
(MPa) elongation (%) (HRC)
1094 910 15 36

In the machining experiments, coated carbide inserts with the code APMT11T0308PDSR-MM
supplied from KORLOY were used as cutting tools (Figure 1a). As the tool holder, a KORLOY
product holder with the code AEM90-AP11-D20-W20-L150-Z03-H was used, which enables the
rigid attachment of the cutting tools (Figure 1b).
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Figure 1. a) Cutting tool and b) Tool holder (a) Kesici takim ve b) Takim tutucu)

2.2. Machinability Criteria Measurement (islenebilirlik Kriterleri Olgiimii)
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In the milling of 17-4PH stainless steel, cutting force, surface roughness and cutting power are
based on machinability criteria. While the resultant force (Fr) was taken as the basis for the
evaluation of the cutting forces, the average roughness value (Ra) was taken as the basis for the
surface roughness. In the analysis of cutting power, the total energy consumption during chip
removal was taken into account. The experiments were carried out on the VMC-550 model
industrial CNC milling machine. The 5 kW machine can operate at a maximum of 6000 rpm.

Cutting force measurements were performed using a Kistler 9257B piezoelectric dynamometer
and a 5070A type amplifier. Then, the cutting force data was converted into graphics using
Dynoware software. Experiments were carried out using the up milling method (Figure 2). Though
three inserts can be mounted to the holder, a single insert was milled to clearly observe the tool
quality performance. Symmetrical face milling operations were applied in a dry cutting rejime and
machining length was 100 mm. Here, the Fx component (force in the X direction), the Fy
component (force in the Y direction) and the Fz component (force in the Z direction) are the cutting
forces occurring in the three axes. The experimental setup used to measure cutting forces is shown
in Figure 2.

» » Spindle

.} Tool holder

k> Insert

-» Rotation direction (CW)

-+ Feed direction

“» Workpiece

M, Kistler Type 9257B
Dynamometer

*Ne

-
-~
~~.‘

Pcm =

Energy consumption -
analysis Surface roughness

measurement

Cutting force
analysis

Figure 2. Experiment and analysis processes (Deney ve analiz iglemleri)

In milling, the oblique cutting theory is valid, and naturally there are three force components.
Instant cutting forces in Fx, Fy and Fz directions were recorded when the cutting tool reached the
maximum chip height using Dynoware software. Also, the force in the Z direction (Fz) has a value
that cannot be underestimated due to the radius at the insert. Therefore, the resultant cutting force
(Fr) resulting from the three force components was calculated (Eq.1).

Fr = \/(Fx? + Fy2+Fz?) (1)
The surface roughness (Ra) was selected as the secondary machinability criterion, and was

measured according to the international norm (ISO 4287). Ra values were recorded by MarSurf
M300 device by applying a cutting and sampling length, 0.8 mm and 5 mm, respectively. The

12



Yurtkuran, Giinay | Manufacturing Technologies and Applications 3(3), 9-21, 2022

roughness measurements were made from three regions (front, middle and end) along the cutting
length and evaluated by averaging them.

Energy or power consumption, which is the third machinability criterion in the presented
research, is an important tool that can be measured or calculated to contribute to sustainability in
metal cutting processes. On the other hand, the cutting power (Pc) in the bench tool mostly
depending on the machining parameters. Reducing the cutting force by optimizing the cutting
parameters can directly regulate the power consumption in machining applications, thus enabling a
greener and more eco-friendly production process. So, the specific cutting energy can be used to
estimate the total power consumption of the bench tool in machining. This expression is labeled as
the power or energy required to remove 1 mm?® of material. In brief, specific energy consumption is
the ratio of Pc to MRR, which is a function of cutting parameters. In this context, Pc is one of the
main machinability criterions that affect tool life, dimensional precision of part and machining
efficiency. Energy consumption can be measured as well as calculated using cutting force data.
Eq.2 is usually applied to calculate the power (in kW) required for removing the material in milling

[23].
(2)

Pc = (ae * ap * Vf = ks) /(60 * 10° * n)

Here, cutting depth (ap in mm), cutting width (ae in mm), table feed speed (Vf in mm/min),
specific cutting force or energy (ks in J/mm?®) and machine efficiency (n) has been determined. The
ks value is the specific cutting resistance of the material and varies according to the cutting
parameters. In this context, in turning and milling operations, the power consumption can be
obtained as an occupation of the cutting force (Fc) and cutting speed (Vc) (Eg.3). In the presented
study, the total cutting power or energy consumption for each test condition was calculated using
Eq.4.

Pc = (Fc *Vc)l60 3)
Pcy = (Fr = Vc¢)/60 4)

2.3. Experimental Design and Analysis (Deney Tasarimi ve Analiz)

The cutting parameters and values to be used in the experimental design are given in Table 3.
Cutting speed, feed rate and cutting depth were determined by considering the recommendations of
the tool manufacturer and the machinability properties of PH group steels in the literature.
Accordingly, three different cutting speeds (90-150 m/min), feed (0.05-0.15 mm/rev) and cutting
depth (0.5-1.5 mm) were selected. Milling experiments were done using the Taguchi Lg orthogonal
array (Table 3).

Table 3. Experimental design (Deney tasarimi)

Exp.no | V,m/min | f, mm/rev | ap, mm

1 90 0.05 0.5
2 90 0.1 1
3 90 0.15 15
4 120 0.05 1
5 120 0.1 15
6 120 0.15 0.5
7 150 0.05 15

150 0.1 0.5
9 150 0.15 1
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In addition, variance analysis at 95% significance level was applied to analyze the influence
ranks of cutting parameters on the machinability criteria taken into account in the milling of 17-4PH
steel. Minitab software was used for experimental design and statistical analysis.

3. RESULTS AND ASSESSMENT (SONUCLAR VE DEGERLENDIRME)

In this study, the changes in cutting forces, surface roughness and energy consumption versus the
cutting parameters were analyzed in the machining of 17-4PH steel with the counter milling
technique. With the help of the data obtained as a result of the experiments, interaction graphs were
drawn depending on the cutting parameters for all machinability criteria.

3.1. Resultant Cutting Force (Bileske Kesme Kuvveti)

Cutting forces offers valuable data on processes such as project of machine tools, machining
stability, and even predicting tool wear and energy consumption. In this context, the arithmetical
averages were taken for each force component (Fx, Fy and Fz) measured as a result of repeated
experiments. Later, the resultant cutting forces were calculated via the force components measured
in the milling process with a coated carbide insert. In Figure 3, the variation of cutting parameters
and Fr values is presented graphically.
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Figure 3. Variation of Fr versus cutting parameters (Kesme parametrelerine karsilik Fr’nin degisimi)

As can be seen from the interaction graphs in Figure 3, when the cutting speed is kept constant,
the changes in the resultant force can be clearly seen in the feed rate-cutting depth interaction. The
highest Fr value (883.07 N) obtained in the experiments was reached at the lowest cutting speed
and the highest feed and cutting depth (f=0.1 mm/rev, ap=1.5 mm). It is expected that the resultant
cutting force will increase with the increase of cutting depth and feed rate. This outcome is ascribed
to the increase in the chip cross-sectional area (ap x f) with the increase in the feed rate, similar to
the studies in the literature [24, 25]. In other words, the cutting area gradually enlarges with
increasing the cutting depth and feed rate, and therefore increasing the overall deformation
resistance or raising the power necessary for chip formation [26]. When the graph is examined, it
can be said that the changes in Fr in the cutting speed-cutting depth and cutting-feed speed
interactions have a complex trend except for the cutting speed of 90 m/min. This is mainly
dependent on the experimental design and may be partly related to the cutting temperature, which
varies by the cutting speed. For example, although the chip cross-section was the same in the 5th
and 9th experiments, which can be understood Table 3, Fr was measured lower at 150 m/min
cutting speed. The reason for this is the drop in material strength owing to high cutting temperature
at the higher cutting speed, as mentioned in Ref. [27]. At the same time, especially in the machining
of ductile materials, the built-up edge (BUE) creation is reduced once high cutting speed is applied,
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and the cutting force is stabilized. In the milling of 17-4PH steel, the smallest Fr value was obtained
as 235.25 N under the 1st experiment condition.

3.2. Surface Roughness (Yiizey Piiriizliiliigii)

The changes in the mean surface roughness (Ra) according to the cutting parameters during the
milling of 17-4PH steel in the dry cutting regime are shown in the graphs in Figure 4.
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Figure 4. Variation of Ra versus cutting parameters (Kesme parametrelerine karsilik Ra’nin degigimi).

When the surface roughness changes are examined, it is clearly seen that the Ra values increase
with the increase in the feed rate, similar to the results obtained in the processing of various
materials [28, 29]. This result is similar in all machining methods and is clearly evident in milling,
where an interrupted cutting operation takes place. On the other hand, it is seen from the V-f
interaction that the cutting speed has a positive effect on the surface roughness up to a certain value.
At the same time, this positive effect was clearly felt at the middle value of the depth of cut, as can
be seen from the V-ap interaction. Therefore, the smallest Ra value was measured as 0.427 um at
cutting speed of 120 m/min, the smallest feed rate and cutting depth of 1 mm. This result indicates
that the tool holder runout and vibrations are optimum at the mentioned cutting parameters levels.
Besides, increasing cutting temperature with increasing cutting speed reduces vibrations, helping to
create a more stable cutting, as can be mentioned in literature [26]. From this it can be concluded
that a more stable cutting process is experienced up to a certain point at a depth of cut greater than
the tool radius. Namely, when the ap value is smaller than the tool radius, the cutting process will
be rubbing, which will make plastic deformation difficult and increase tool vibrations [23, 30]. As a
result, an increase in surface roughness is inevitable. At the same time, the increased cutting forces
in both cases contribute to the worsening of the surface quality, especially in up-milling. As a result,
an unstable cutting process caused an irregular structure in the surface profile, resulting in an
increase in Ra. As can be seen from Figure 4, the highest Ra value was found at the cutting speed of
90 m/min and the highest values of feed rate and cutting depth.

3.3. Energy Consumption (Enerji Tiiketimi)

Optimizing energy consumption in production technologies helps both reduce processing costs
and create a cleaner environment. So, it is extremely important to calculate the energy consumption
spent during the machining of material groups that require experience and time to be processed. In
recent years, researchers have focused on the analysis of processing costs of materials that are
difficult to process, such as superalloys and PH stainless steels. The fact that there are not enough
studies on the milling of PH group steels in the literature reveals that this area needs to be
investigated. In Figure 5, the relations between the theoretically calculated total energy
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consumption (Pcy) and machining parameters in milling of the 17-4PH stainless steel are given
graphically.
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Figure 5. Variation of Pc versus cutting parameters (Kesme parametrelerine karsilik PC nin degisimi).

As can be understood from Figure 8, it is understood that energy consumption exhibits an
uneven trend in all interactions of the cutting parameters, except for the experiments performed at a
cutting speed of 90 m/min. This is mainly due to the random distribution of the ap value in the last
six experiments due to the experimental design (Table 3). However, it is observed that Pc; is
constantly increasing in the feed rate-cutting depth interaction. This result is possible to attribute to
the increasing chip cross-section with increasing the feed rate and cutting depth, and therefore the
need for more cutting power for chip formation [11]. Therefore, it is inevitable to measure the
lowest Pc; (352.8 W) at the smallest values of the cutting parameters. On the other hand, although
the chip cross-section is the same (5th and 9th experiments), the highest total energy consumption is
1766.15 W at 120 m/min. This result can be explained by the energy consumed by the machine
spindle and the heat generated during cutting. The increase of cutting speed means the increase in
energy consumption due to the increase in the spindle speed of the machine, as can be seen in
literature [31]. At the same time, the high cutting temperature caused by the increase in cutting
speed causes the material to soften, resulting in a decrease in deformation resistance. From this, it is
understood that increasing the cutting speed decreases the cutting force on the one hand and
increases the energy consumption on the other hand. Similar results have been obtained in the
literature [14], revealing the need for optimum use of cutting speed. As a result, even if the rise in
cutting speed increments the energy consumed in the spindle, the decrease in the energy required to
form the chip with the decrease of material strength caused Pc; to be lower at high cutting speed.

3.4. ANOVA for Machinability Criteria (islenebilirlik Kriterleri icin ANOVA)

In the above sections, the resultant cutting force, surface roughness and energy consumption
changes in the interaction of cutting parameters are tried to be explained. However, learning how
effective these parameters are on the machinability criteria will be of significant benefit to
optimizing the cutting process. At this point, the results of ANOVA applied to determine the effect
levels of the parameters in the milling process of 17-4PH steel are given in Table 4.
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Table 4. ANOVA for machinability criteria (Islenebilirlik kriterleri icin ANOVA)

Variable I?fggjgrﬁf ggtrjgfef h:;ﬁgrgf F-value | %PCR
Resultant cutting force
Cutting speed 2 17138 8569 2.18 3.31
Feed speed 2 156909 | 78454 20 30.26
Cutting depth 2 336633 | 168316 42.91 64.92
Error 2 7845 3922 151
Total 8 518525 100
Surface roughness
Cutting speed 2 0.08028 | 0.04014 176.73 33.78
Feed speed 2 0.1557 | 0.07785 342.78 65.52
Cutting depth 2 0.00121 | 0.00061 2.66 0.51
Error 2 0.00045 | 0.00023 0.19
Total 8 0.23764 100
Energy consumption
Cutting speed 2 173917 | 86958 1.79 9.78
Feed speed 2 422782 | 211391 4.34 23.78
Cutting depth 2 1083854 | 541927 11.13 60.96
Error 2 97389 48694 5.48
Total 8 1777941 100

The ANOVA results indicates that the most effective parameter on Fr and Pc; is the depth of cut
with 64.92% and 60.96% PCR, respectively. The most active parameter for surface roughness is the
feed with 65.52% PCR. On the other side, cutting speed was found to be a secondary important
cutting parameter for Ra in the machining of 17-4PH steel. The secondary important parameter for
Fr and Pc; was the feed rate, and the effect rates were calculated as 30.26% and 23.78%,
respectively. At the same time, it is seen that the cutting speed has an effect of about 10% on the
Pcr. This value has revealed the necessity of optimizing the cutting speed in terms of total energy
consumption, especially in the milling of difficult-to-process materials. Because high cutting speed
increases the energy consumption depending on the number of revolutions on the one hand, and
reduces the energy consumption by providing material softening on the other hand. However, it
should be noted that high cutting speed accelerates tool wear, increasing both tool costs and energy
consumption, thus negatively affecting sustainable machining.

4. CONCLUSIONS AND SUGGESTIONS (SONUCLAR VE ONERILER)

The results obtained in dry milling of 17-4PH stainless steel with a coated carbide insert bit are
summarized below.

- It has been detected that the resultant cutting force (Fr) increases with increasing the feed rate
(f) and the cutting depth (ap), and declines to a certain extent with increasing the cutting speed. This
is an expected result; it was found that Fr was most affected by cutting depth according to the
ANOVA result. The lowest Fr value was obtained with cutting parameters namely V=90 m/min,
f=0.05 mm/rev and ap=0.5 mm.

- According to the surface roughness (Ra) results, the surface quality is significantly affected by
the cutting speed as well as the feed rate. At the same time, more stable chip formation that occurs
at a certain cutting speed and ap>tool radius minimizes possible tool vibrations and ensures
optimum surface roughness. The smallest Ra value (0.427 mm) was obtained at V=120 m/min,
f=0.05 mm/rev and ap=1 mm.
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- Total energy consumption (Pcy) naturally increased due to the interaction of the main
parameters (ap and f) forming the chip section. In addition, in the case of the same chip cross-
section, although the energy consumed by the machine spindle increases at high cutting speed, the
decrease in material strength due to the increase in temperature during machining led to a decrease
in total energy consumption. From this, it was concluded that cutting speed is an important
parameter to be considered in terms of energy consumption as well as tool wear, especially in
milling difficult-to-machine materials.

- The results obtained from the study showed that cutting parameters should be optimized and
used in this type of milling operations. In the future, in order to contribute to sustainable processing,
it will be useful to conduct research comparing environmentally friendly cutting regimes such as
dry cutting and minimum quantity lubrication, vegetable-based cutting oil in terms of processing
efficiency in the processing of PH stainless steels.
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INFORMATION ABSTRACT

Received: 17.10.2022 In this study, DD13 sheet materials used in automobile swing manufacturing were
Accepted: 13.11.2022 welded with GMAW (Gas Metal Arc Welding) welding method with different
Keywords: parameters such as welding method, welding amperage, and welding speed. The
Finite element analysis optimized value of the welding parameters, which will give the lowest hardness value
:2;???& in the weld seam hardness, was calculated by the Taguchi method. In addition, the
MAG W'ZI ding heat input values that are thought to affect the hardness change were calculated, and

the results were used to interpret the hardness change and Taguchi optimization
values. After the experimental studies, the optimized value was compared with the
actual results, and the verification test was performed. As a result of the optimization
process, the lowest hardness value was estimated as 172.98 HV0.1 in MAG welding
performed at 420 min/mm welding speed, 290 A, and 33.6 V parameters. The
validation test result was found to be consistent with 173.4 HVO0.1. Based on these
values, finite element analysis (FEM) was performed with Simufact Welding 8.0
software. As a result of the investigation, the weld macrostructure, thermal changes,
and the amount of distortion were examined. The results obtained are in agreement
with the validation experiments.

Taguchi method

Taguchi Metodu ve FEM Analizi ile DD13 Saclarin MAG Bindirme
Kaynaginda Kaynak Parametrelerinin Optimizasyonu

MAKALE BILGISI OZET

Alinma: 17.10.2022 Bu caligmada, otomobil salincak imalatinda kullanilan DD13 sac malzemelerinin
Kabul: 13.11.2022 GMAW (Gas Metal Arc Welding) kaynak yontemi ile kaynak yontemi, kaynak
Anahtar Kelimeler: amperi ve kaynak hizi gibi farkli parametreler ile kaynatilmigtir. Kaynak
Sonlu elemanlar analizi parametrelerinin, kaynak dikisi sertliginde en diisiik sertlik degerini verecek optimize
SertI!k . deger Taguchi yontemiyle hesaplanmistir. Ayrica sertlik degigsimine etkisi oldugu
55; A%chlzsylnagz diistiniilen 1s1 girdisi degerleri hesaplanmis, ¢ikan sonuglar sertlik degisimi ve Taguchi

optimizasyonu  degerlerini  yorumlamada  kullanilmigtir.  Yapilan  deneysel
caligmalardan sonra g¢ikan optimize deger gercek sonuglar ile karsilastirilmis ve
dogrulama testi yapilmistir. Optimize islemi sonucunda en disiik sertlik degeri
tahmini 172.98 HVO0.1 olarak 420 min/mm kaynak hizinda, 290 A ve 33.6 V
parametreleri ile yapilan MAG kaynaginda ulagilmigtir. Dogrulama testi sonucu 173.4
HVO.1 ile tutarli oldugu gorilmiistiir. Sonlu elemanlar analizi (FEM) bu degerler
temel alinarak Simufact Welding 8.0 yazilimi ile yapilmigtir. Analiz sonucu kaynak
makro yapisi, termal degisimler ve carpilma miktar1 incelenmistir. Elde edilen
sonuglar dogrulama deneyleri ile yakinlik gostermektedir.

Taguchi metodu

1. INTRODUCTION (GiRiS)

Although automobiles today contain many technological innovations, some mechanical
components are still used unchanged. One of these components is the swings. Swings have an
essential role in the automotive industry [1,2]. Wishbones are vital parts of the vehicle’s front
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suspension, from the classic cars of the past to today's modern vehicles [2,3]. It is the element that
connects the swing wheel to the vehicle chassis [4]. There is a wheel at one end of the swing and a
chassis [5]. In general, wishbones are produced from medium-carbon and low-carbon steels. These
parts have been made from aluminum and similar light metals for fuel economy [6]. Figure 1 shows
the swing picture.

Figure 1. Vehicle swing arm (Arag salincak kolu)

Gas shielded welding methods are preferred as the welding method in most productions made
from low carbon and medium carbon steel materials [7,8]. The welded connection method must also
be made according to the end-use point where the produced part becomes the final product. Metal
microstructures that change after welding can cause problems for long-term working details [9].
Since this problem minimizes welded joints made with the lowest possible heat input, low heat
input welding methods are preferred in most joints [10]. Laser, plasma, TIG, and CMT welding are
just a few of the low heat input welding methods used today [11-16].

In cases where speed is of great importance in the mass production of parts for the automotive

sector, laser welding is not widely used due to the initial setup cost. TIG welding and plasma
welding are not widely used due to their slowness. Point resistance welding, MIG-MAG welding,
and CMT welding methods, which have faster joints, are frequently used [17-19]. Manufacturing
with low heat input welding methods increases the working life of the parts in automobile parts
where pulsed work is involved, such as swing manufacturing. With the low heat input generated
during welding, the weld seam microstructure is finer-grained and has a faster joining process than
the other [20,21]. This situation minimizes the problems that may arise from the welding seam in
part.
In this study, welding of DD13 sheets used in swing manufacturing was performed with the MAG
welding method at three different volts, three different amperes, and three different welding speeds.
The changes in weld seam hardness were examined the results obtained were optimized by the
Taguchi method.

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

In the experiments, 2.5 mm thick DD13 (EN 10111-2008) sheet metal suitable for cold forming
and deep drawing was used. The chemical compositions of the test pieces are given in Table 1, and
their mechanical properties are provided in Table 2. 1.2 mm thick ER70S-6 welding wire was used
in the welded joint process. The chemical properties of the welding wire are shown in Table 3, and
the mechanical properties are shown in Table 4.

Table 1. Chemical composition of DD13 sheet (% by weight) (DD13 saclarinin kimyasal bilesimi - % agirlik¢a)

C Mn P S Si Al Cu Cr Ni Mo Fe
0.04 0255 0.024 0.001 0.0395 0.053 0.027 0.036 0.035 0.004 Bal.
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Table 2. Mechanical properties of DD13 sheet (DD13 saclariin mekanik 6zellikleri.)

Yield Strength  Tensile Strength  Elongation
(N/ mm?) (N/ mm?) (%)
229.5 337.3 42

Table 3. Chemical properties of ER70S-6 welding wire (ER70S-6 kaynak telinin kimyasal 6zellikleri)

C Si Mn Fe
0.07 0.8 145 Bal.

Table 4. Mechanical properties of ER70S-6 welding wire (ER70S-6 kaynak telinin mekanik 6zellikleri)

Yield Strength  Tensile Strength  Elongation  Notch Impact Resistance
(N/mm?) (N/mm?) (%) (J) -30°C
460 530 29 50

Welding parameters and the results of these parameters are shown in Table 5. 18 pieces of DD13
sheet materials, 3 mm thick and 100x200 mm in size, were numbered and welded to each other in
the form of overlap welding, as shown in Figure 2.

Figure 2. MAG Lap welding schematic (MAG Bindirmeli kaynak semasi)

Table 5. Welding parameters and results for DD13 sheets (DD13 saclar1 i¢in kaynak parametreleri ve sonuglari.)

Welding Heat input  Hardness
Sa,r\lngnle speed Ar(g;\))er \(/\%t (KJ/mm) result
(mm/min) (HVo4)
1 420 250 28 1.0000 1775
2 420 270 30.2 1.1649 176.2
3 420 290 33.6 1.3920 173.4
4 660 250 30.2 0.6864 183.2
5 660 270 33.6 0.8247 180.6
6 660 290 28 0.7382 181.3
7 900 250 33.6 0.5600 191.7
8 900 270 28 0.5040 194.8
9 900 290 30.2 0.5839 189.7

2.2. Finite Element Modeling

Numerical simulation of the welding process has been one of the crucial topics in welding
research for years. Simulation results can explain the physical basis of some unpredictable results in
the welding process and optimize welding parameters. However, simulating the welding process is
not easy as it involves thermal, mechanical, and metallurgical interactions. Many researchers accept
that an essential aspect of the welding process simulation is the correct entry of metallurgical
transformations into the model. Correctly entered data has a direct effect on the result.

Finite element analysis of DD13 sheet materials welded in overlapping form with MAG welding
method was done with Simufact Welding 8.0 finite element package program. While making the
process with a model, it has been ensured that the model is as close to reality as possible by
considering the joining method and shape. Modeling and mesh scanning processes were done with
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the applications in the same program. The analysis processes examined the microstructure change
of the weld zone, the temperature change, and the deformation change. In the analysis process,
firstly, the samples were designed as solid models and loaded into the software. The parameters
used in the welding process were entered into the software, the materials were loaded into the
software, and the analysis process was started.

2.3. Experimental Design and Optimization with Taguchi

Taguchi L9 (3°) orthogonal array was used for the experimental design; only nine experiments
were performed instead of 27 experiments for the full design. It is possible to significantly reduce
the number of experiments in the analysis and evaluations made with the Taguchi method. The
Taguchi method uses some functions to determine quality characteristics. Since the smallest value is
desired in the weld zone hardness measurements, the Taguchi “smallest best” function was used in
this study. The selected welding parameters and the levels of these parameters are given in Table 6.
The experimental design, experimental results, and signal-to-noise (S/N) ratios calculated according
to the experimental results are given in Table 7, considering the L9 orthogonal array.

Table 6. Experiment parameters and levels (Deney parametreleri ve seviyeleri)

Parameters Level 1 Level 2 Level 3
A Welding Speed (Vw, mm/min) 420 660 900
B Amp (A) 250 270 290
C Volt (V) 28 30.2 33.6

Table 7. Experimental design and experimental results (Deney tasarimi ve deney sonuglari)

Experimental results
and S/N ratios

Test

A B C
no Welding speed Amp Volt H(?_Rj/ne; S %NBS'
(V. mm/min) (A) (V) 01

1 420 250 28 1775  -44.9840
2 420 270 30.2 176.2  -44.9201
3 420 290 33.6 1734  -44.7810
4 660 250 30.2 183.2  -45.2585
5 660 270 336 180.6  -45.1344
6 660 290 28 181.3  -45.1680
7 900 250 336 1917  -45.6524
8 900 270 28 1948  -45.7918
9 900 290 30.2 189.7  -45.5613

According to the test results, the average value of the hardness results was calculated at 183.156
HV, and the average S/N ratio for the hardness was calculated as -45.25 dB.

2.4. Determining Optimum Levels

In Table 8, the cutting parameters are distinguished by considering the different levels and
possible effects of the orthogonal array used in this study. These levels show the average values of
the signal-to-noise ratios calculated to analyze the hardness values in the experimental research.
These values are used to calculate the estimation values for the determined optimum and random
parameters.

Table 8. Averages of S/N ratios (S/N oranlarinin ortalamalar1)

Welding parameters Levels Delta
Level 1 Level 2 Level 3

A (Welding speed, V) -44.90 -45.19 -45.67 0.77

B (Amp) -45.30 -45.28 -45.17 0.13

C (Volt) -45.31 -45.25 -45.19 0.13
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One of the critical steps in the Taguchi method is to determine the optimum levels. Optimum
levels are determined by evaluating different levels of experimental parameters, combinations
created by the chosen orthogonal array. These levels are used to draw the effect graphs of the levels
(Figure 3). When evaluating the main effect graph, the lowest level is considered for these values,
as this is the minimum desired stiffness in this study.

A Welding speed |B Amp [ Volt

192,5
190,0 |
187,5
185,0

1251 '\\ \\

180,0

Mean of Hardness values

177,54

175,01

420 660 900 250 270 290 280 302 33,6

Figure 3. Main effect plot for hardness values (Sertlik degerleri i¢in ana etki grafigi)

According to Figure 3, the optimum combination of test parameters for minimum hardness
values was A;B3C3 (A;= 420 mm/min welding speed, Bz = 290 amp, C; = 33.6 Volt).

2.5. Evaluation of Experimental Parameters by Analysis of Variance (ANOVA)

Analysis of variance is used to determine how all control factors used in experimental design
affect each other, how this affects performance characteristics, and what changes occur at different
levels of the parameters and determine Taguchi confidence intervals [22,23]. The effects of welding
speed, amperage, and volt on hardness were evaluated by analysis of variance, and the results of
analysis of variance are shown in Table 9.

Table 9. ANOVA results for hardness (Sertlik igin ANOVA sonuglart)

Degrees of ~ Sum of Mean Percent
Parameters freedom squares squares  F-Value P-Value  distribution
(DoF) (SS) (MS) (%)

A, Welding speed (mm/min) 2 0.915440 0.457720  235.93 0.004 94.16
B, Amp (A) 2 0.029243 0.014621 7.54 0.117 3.008

C, Volt (V) 2 0.023608 0.011804 6.08 0.141 2.42
Error (e) 2 0.003880 0.001940 0.412
Total 8 0.972172 100

In Table 9, the analysis results of variance giving the individual effects of the experimental
parameters are given. In the table, the most influential parameter affecting the hardness was welding
speed with 94.16%. This parameter is followed by Ampere with 3.008%. In addition, according to
the analysis of variance, the error value was minimal.

2.6. Confirmation Experiments and Taguchi Prediction Values

The purpose of validation experiments, which is the last step of the Taguchi method, is to
analyze the quality characteristics. Validation experiments are also used to test the accuracy of the
optimization process. In other words, validation experiments are performed to test the determined
optimum combination of test parameters and levels. Considering the individual effects of the test
parameters, the estimated temperature value (T,) of A1BsCz (A1= 420 mm/min welding speed, B =
290 amp, C3 = 33.6 Volt) is calculated with the equations given below, according to the optimum
combination obtained for hardness [24,25].

24



Apay / Manufacturing Technologies and Applications 3(3), 20-30, 2022
Ngn = A1+ B3 +C3—2ns_, 1)
N

H, = 10~ Ngn/20 (2)

In equations, A;B3Cs are the signal-to-noise ratios of the optimum levels of the experimental
parameters (Table 8). ns_, is the average of the S/N ratios of the hardness values. S/N ratio
N

calculated for ngy, optimum levels, Hy, is the Taguchi estimate value calculated for hardness. The
hardness estimation value calculated using Eq. 1 and Eq. 2 was 172.98 HV, ;. Confidence interval
(CI) compares the result of validation experiments with the predicted value and verifies the quality
characteristic. The confidence interval is the maximum and minimum value, and the accuracy of the
validation experiments is tested by comparing the calculated value with the predicted values. CI is
calculated with the equation given below.

Cl _\/Fa.lvexver(i-l-l]
. N T
(3)

In Equation 3, F,.; Ve, and the significance level are the F ratio of o, a significance level, 1-a
confidence interval, and the degree of freedom of the temperature error according to the variance
analysis results. When Table 9 is examined, the degree of freedom of the error is 2. In this case, the
1-2 value from the F table of the 95 % confidence level was 18.5128. V¢, is again the error variance
according to the analysis of variance results, r is the number of validation experiments, and ns is
the number of effective measured results [25].

N
14V, (4)

Nest

In Equation 4, N represents the total number of experiments (9), and Vt represents the
experimental parameters' total degrees of freedom (6). The mean is calculated by taking Table 9
into account. In this case, the ne; was calculated as 1.285. In this study, considering the optimum
combination determined for hardness, 3 verification tests were performed. Considering Eq. 3 and
Eq. 4, the confidence interval (C1)=0.2. The Taguchi estimation value calculated for each parameter
is added and subtracted with the confidence interval using the confidence interval. The mean of the
validation experiments should be between these two values. The average of 3 verification tests for
hardness is 173.07 HVo 1. In this case, A range of (172.98-
0.2)<173.07<(172.98+0.2)=172.78<173.07<173.18 was obtained, and confirmation experiments for
hard results were performed within the confidence interval. In this case, it can be said that the
optimization is successful.

Table 10 compares the experimental results with the Taguchi method's predicted values. Eq. 1
and Eq. 2 were used to calculate the estimation values. The estimated values and observed values
were close to each other. Error-values should be less than 20 % for reliable statistical analysis [22].

Table 10. Comparison of optimized and random conditions with predicted values (Optimize edilmis ve rastgele
kosullarin tahmin edilen degerlerle karsilastirilmast)

Levels Taguchi Method
Experimental Prediction  Error (%)
A;B3C; (Optimum) 173.07 172.98 0.05
A;B;C, (Random) 183.20 182.81 0.21
A;B;C; (Random) 173.40 172.98 0.24
A3B;C; (Random) 191.70 191.86 0.08
A3B;C, (Random) 189.70 190.33 0.33

In Table 10, experimental results and Taguchi prediction values are compared. It is seen that the
error values between the confirmation test results and the results obtained by the Taguchi method
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are less than 20 % or even minimal. In this case, the results obtained from the validation
experiments show that the optimization has been carried out successfully.

3. EXPERIMENT AND OPTIMIZATION RESULTS (DENEY VE OPTIMiZASYON
SONUCLARTI)
3.1.The finite element analysis result

Finite element analysis was performed based on sample no. 3 (420 mm/min welding speed, 290
Amps, and 33.6 Volts), the lowest hardness value was reached due to Taguchi optimization and
verification experiments. It is thought that the finite element analysis performed by obtaining the
lowest hardness value will be a reference among other results. The change in the macrostructure
resulting from the finite elements made is compared with the accurate macro structure results in
Figure 4. When Figure 4 is examined, it is seen that the macrostructure image formed after the
welding process and the estimated macro structure image formed by the finite element analysis are
close to each other. As a result, the estimated finite element method is considered successful.

me.

Figure 4. The finite element analysis comparison; a) Welding macrostructure, b) The finite element analysis
macrostructure (Sonlu elemanlar analizi kargilagtirmasi; a) Kaynak makro yapisi, b) Sonlu elemanlar analizi makro
yapisi)

The finite element analysis results of heat exchange and distortion rates during welding are
given in Figures 5 and 6. When Figure 5 is examined, the values at which the heat generated during
welding reaches the highest temperature are shown.

Peak temperature [*C] 2

4750.88
4277.79
3804.70
333162
2858.53
2385 44
1912.35
1439.26
966.18
493.09
20.00

ax: 4750.88
20.00

N

Figure 5. MAG welding temperature peak values (MAG kaynak sicakligi tepe degerleri)

In Figure 6, the maximum temperature reached during welding, and the maximum amounts of
deformation after welding are given. It is predicted that the maximum amount of deformation after
the welding process estimated with finite elements will be 1 mm. As a result of the measurements
made after the welding process, the total amount of deformation in the natural welded joint was
measured as 1.6 mm. This value is considered close to the weight estimated by the finite element

software.
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Figure 6. The amount of deformation after welding (Kaynak sonrasi deformasyon miktari)

3.2. A mathematical model with regression method model

This study determined the correlation level between hardness values and experimental
parameters using the polynomial regression model. Multiple regression analysis can derive
estimation equations of continuous dependent variables obtained through experimental designs with
each combination of control factors. The equation (Eq. 5) predicted for the quadratic regression
model is shown below:

H, = 73— 0.0159 Vw + 1.37 A — 4.30 V + 0,.000038 Vw2- 0.00267 A2 + 0.0622 V> (5)

H, represents the estimation equation for the hardness values using the test parameters.
According to the regression results, the R? value of the obtained mathematical model was calculated
as 0.995 (99.5%).
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Figure 7. Probability plot (Olasilik grafigi)

The probability plot is given in Figure 7. The figure shows that the prediction values are within the
95 % confidence interval. As a result, it is thought that the estimated values will give results close to
the truth.

3.3. Effects of test parameters on hardness

The effects of test parameters on hardness were examined with three-dimensional graphics
(Figure 8).

27



Apay / Manufacturing Technologies and Applications 3(3), 20-30, 2022

195

I > 200
Il <198
B < 193
[1<188
[ <183
M <178
<173

Il > 200
B < 198
B <193
[ <188
<183
B <178
<173

L) SSRUDIRY
®
o

RH) SRR
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In Figure 8a, the effect of amperage and welding speed on hardness is given with a three-
dimensional graphic. Here, it is seen that the hardness increases as the welding speed increases.
In Figure 8a, it is seen that the best result is 420 mm/min welding speed and 290 A amperes.
This result is similar to Taguchi's optimized values. In Figure 8b, a three-dimensional graph
showing the effect of volt and welding speed on hardness [26]. Here, it is seen that the hardness
increases as the welding speed increases. Figure 8b shows the best results at 33.6 Volts and 420
mm/min welding speed. This situation is similar to Taguchi's optimized values.

4. CONCLUSIONS (SONUCLAR)

In this study, Taguchi optimization and finite element analysis of the lap welding of DD13
sheets used in the manufacture of automobile swing arms were performed. The data obtained as
a result of experimental studies are listed below.

e |t has been observed that DD13 sheets are joined together without any problems with the
MAG welding method.

e This study successfully applied Taguchi optimization with a 95 % confidence interval. The
R? value of the mathematical model obtained according to the regression results was
calculated as 0.0995.

e As a result of the optimization process, it has been determined that the welding speed is the
effective parameter with 94.16 % of the hardness in the weld seam. This parameter is
followed by welding amperage with 3.008 % and welding voltage with 2.83 %.

e As a result of Taguchi optimization, the lowest hardness value was estimated as 172.98
HVo1 in MAG welding performed with 420 min/mm welding speed, 290 A, and 33.6 V
parameters. The validation test result was found to be consistent with 173.4 HV ;.

e It was observed that the error between the validation experiments and the prediction values
obtained by the Taguchi method was less than 20%. In this case, the results obtained with
the validation experiments show that the optimization process has been carried out
successfully.

e Finite element analysis has been successfully applied in this study. It has been seen that the
estimated macro structure image and the natural source macro structure image are close to
each other.

e As a result of the analysis, the estimated distortion value obtained after the welding process
was seen as approximately 1 mm, while the actual distortion value was measured as 1.6 mm.
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MAKALE BILGISI OZET

Ahnma: 21.11.2022 Bu ¢alismada paslanmaz geliklerin pulse (P-GMAW) ve double pulse (DP-GMAW)
Kabul: 07.12.2022 kullanilarak gazaltt MIG (Metal Inert Gas) yontemi ile birlestirilmesi arastirilmistir.
Anahtar Kelimeler: Kaynakli birlestirilmelerin mekanik 6zelliklerini belirlemek i¢in sertlik 6l¢iimii,
Double pulse ¢ekme deneyi ve mikroyapida olusan degisiklikleri tespit etmek amaciyla mikroyap:
E/IL: Ié,e caligmalari incelenmigstir. Bu testler sonucunda MIG kaynak yonteminin diger kaynak

yontemleri ile karsilastirildiginda yiiksek verimlilige, daha iyi niifuziyete ve daha az
sigrama Ozelliklerine sahip oldugu i¢in endiistride yogun bir sekilde kullanildigi
saptanmistir.

Gazalti kaynag

Investigation of Joining Stainless Steels with MIG Welding at Different
Currents

ARTICLE INFO ABSTRACT

Received: 21.11.2022 In this study, the joining of stainless steels using pulse (P-GMAW) and double pulse
Accepted: 07.12.2022 (DP-GMAW) gas metal arc MIG (Metal Inert Gas) method was investigated. In order
Keywords: to determine the mechanical properties of welded joints, hardness measurement,
Double pulse tensile test and microstructure studies were examined to determine the changes in the
'I\D/I“Ige microstructure. As a result of these tests, it has been determined that MIG welding

method is used intensively in the industry as it has high efficiency, better penetration

Arc welding and less spatter compared to other welding methods.

1. GIRIS (INTRODUCTION)

Kaynak, dévme, dokiim ve perginli eklemler yerine siklikla kullanilmaktadir [1]. Endiistriyel
ortamlarda, delici, kesici ve sekil verici olarak kullanilmakta olan metal pargalarmin (6giitiici
pargalar, kaliplar, pres, matkaplar, haddeler vs.) ¢alisma alanlar sertlige ve fazla 1s1 dayanimina
sahip olmalidir. ilaveten teknolojinin giin gectikge ilerlemesi ile birlikte is pargalarinin korozyon,
yorulma ile asinma dayanimlarinin da arttirilmasi beklenilmektedir. Bu beklenti beraberinde,
gelistirilmekte olan proseslerin ekonomik ve ekolojik dengeye zarara sokmayan teknolojiler olmasi
istenilmektedir[2].

Ulkemizde paslanmaz geliklere olan ihtiyag endiistrinin gelismesiyle giinden giine artmaktadir
[3]. Paslanmaz celikler Ostenitik, ferritik, martenzitik, ¢ift fazli, ¢okelme yolu ile sertlesmeli
paslanmaz celikler olmak {izere 5 tiire ayrilmaktadir. Paslanmaz geliklerin bir tiirii olan Ostenitik
paslanmaz c¢elik diger ¢elik tiirlerinin iginde %70’lik oranla en fazla yararlanilan ¢elik tiirtidiir [4].
Ostenitik paslanmaz celikler igerisinde; yilksek mukavemet, korozyona karsi direnc,
kaynaklanabilme ozelligi ile birlikte iyi bicimlendirilme o&zelligine sahiptir. AISI 304 kalite
Ostenitik paslanmaz ¢elikler bu nedenle yogun bir sekilde uygulanmaktadir [5]. Sekil 1’de
paslanmaz celiklerde kullanilan Schaeffler ve Delong diyagramlari goriilmektedir [6]
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Sekil 1. Schaeffler ve Delong diyagramlar1 (Schaeffler and Delong diagrams)

Giintimiizde malzemeleri birlestirmek i¢in kullanildigimiz pek ¢ok kaynak yontemi vardir [7].
Demir ve demir digi metallerin ve alasimli geliklerin kaynaklanmasinda yasanan problemler ile
birlikte yeni kaynak yontemleri gelistirilmistir. TIG/MIG kaynak tiirleri de bu sebepten dolayi
gelistirilmis kaynak yontemleridir [1]. MIG kaynak yontemi ile ¢ok ince yapiya sahip sac levhalarla
birlikte neredeyse her kalinlikta demir esasli, demir dis1 metal ve metal alasimlarinin kaynagi
miimkiin olabilmektedir [8]. Koruyucu gaz atmosferinden kaynak bolgesine iletilen dolgu metaline
sahip bir ark kaynak yontemi olan MIG kaynagi, dolgu metalini kaynak havuzuna direkt olarak
iletilir [9]. Demir ve demir dis1 malzemelerin kaynaginda yogun bir sekilde tercih edilen MIG
kaynagi; daha az sigrama, yiiksek iiretkenlik, daha iyi niifuz olma gibi 6zellikleri ile diger kaynak
yontemlerinden daha avantajli olmaktadir. Demir-demir dis1 malzemelerin kaynaginda da yogun bir
sekilde tercih edilmektedir[10].

Endiistride demir ve demir dis1 malzemelerin kaynaginda en ¢ok tercih edilen kaynak yontemi
gaz metal ark kaynagidir [11]. Gazalt1 kaynaginda kaynak igin gerekli olan 1s1, ergiyen ve siirekli
beslenen tel elektrot ile parga arasinda olusan ark yoluyla elektrottan gecen akimin direncinin
isinmastyla tretilir. Kaynak i¢in kullandigimiz tel ark bolgesine direkt olarak beslenir, ergir ve
kaynak metalini (depozit) olusturur [12]. Gaz alti ark kaynaginda kullanilan ark boyu, kaynak
makinesi tarafindan kontrol edilmektedir. Kaynak¢inin gaz memesini kaynak banyosu iizerinde
sabit tutulan mesafede bulundurarak belirli hizda hareket ettirmesi beklenilir [13]. Kaynak makinasi
ark boyunu kontrol ettigi i¢in bu yonteme “yari otomatik” kaynak yontemi ismi verilmistir [14].
Gaz alt1 kaynagi yapildigi sirada koruyucu gazdan beklenilen iyi metal transferi, yiizeye dahi iyi bir
niifuziyet, kaynak geometrisi, ergime genisligi, kaynak hiz1 ile birlikte diisiik maliyetli olmasidir.

Ayni zamanda c¢atlaklar ve gozenekler olusturmamalidir. Otomatik olmayan kaynak
islemlerinde, 6nemli ve test edilmesi gerekli olan parametreler (kaynak amperi, kaynak hizi, kaynak
teli tiirli, kullanilan koruyucu gazlar ve malzeme tiirii gibi parametreler) bulunmaktadir. Alasimsiz
celikler, yiikksek mukavemete sahip olan az alasimli gelikler, aliiminyum ve alasimlari, paslanmaz
celikler, titanyum, bakir ve nikel alasimlari gibi ticari 6nemi yiiksek biitiin metaller metal tiiriine
uygun olacak sekilde koruyucu gaz, elektrod ve kaynak degiskenlerini belirlemek kosuluyla bu
kaynak yontemiyle kaynak edilebilirler [15].

Pulse, elektron 1sin1 malzemelerin mikroyapisiyla faz kompozisyonunu degistirerek alan
niteliklerini ilerletmesini saglayan kaynaktir [16]. Bu teknoloji, saf tabaka olusumuna nedendir [17].
Yaptigimiz arastirmada endiistride siklikla kullanilan, 6stenitik paslanmaz ¢elik (AISI 304) ve ¢elik
malzemelerin(diisiik karbonlu), farkli ii¢ kaynak akimi (70 A, 80 A ve 90 A) kullanarak MIG
kaynak yontemiyle birlestirilme islemi incelenmistir [18].
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Ayrimlt malzemelere gergeklestirilen kaynak akiminin, kaynak yapilan bolge iizerindeki
tesirlerini tespit etmek amaciyla birlestirilen malzemelere, egme, ¢ekme, ¢entik darbe ve
mikrosertlik testleri yapilmigtir. Kaynakli aktarmalar iistiinde mikroyap1 sonuglari elde edilmistir
[5]. Paslanmaz ¢elikler double pulse ve pulse ile birlestirilmesi arastirilmistir [19]. Numunelerin
tahribatli testleri incelenmistir.

2. MATERYAL VE YONTEMLER (MATERIAL AND METHODS)
2.1. Malzeme (Material)

Arastirilan deneysel ¢alismalarda kullanilan celiklerin kimyasal bilesimleri Tablo1’de, mekanik
ozellikleri Tablo 2’de, kaynak parametreleri ise Tablo 3’de gosterilmistir [20]. Sekil 2°de sematik
olarak gazalt1 kaynagi ve kaynak esnasinda metal transferi verilmistir [21]. Sekil 3’de ise gazalti
terminolojisi ve ark gerilim olusumu ve diizenlenmesi verilmistir. Sekil 4’te darbe akim olusumu ve
gazalt1 kaynaginda kullanig1 goriilmektedir.

Tablo1. Deneyde kullanilan numunelerin kimyasal bilesimleri (Chemical compositions of the samples used in the
experiment)

Siif %C %Mn %Si %P %S %Cr %Ni %Mo %Cu
AISI 304 0.08 2 0.75 0.045 0.03 18.35 8.12 0.07 0.23
S235JR 0.170 1.40 0.3 0.035 0.035 - - - 0.550
Tablo2. Deneyde kullanilan numunelerin mekanik 6zellikleri (Mechanical properties of the samples used in the
experiment
Simf Isil Islem Cekme Kesit Uzama Akma Dayanim Sertlik
Sart1 Dayanim Daralmasi (%) (daN/mm?) (Rockwell)
(daN/mm?)
AISI 304 Tavh 586 65 55 241 B80
S235JR Tavh 340-470 - 25 235 137HVO0

Metal transferinin asamalan

I !
I\ M\ lity 8\ M\
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) N |
G 4 J
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Kaynak havuzu «eesssssseessesssnnnnnes geseee Ana metal :
Zaman
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Elektrot teli--

N

Koruyucu gaz------ N—7el

Akim

a)
Sekil 2. a) Gaz metal ark kaynagi isleminin basit semasi, b) Metal transferi (a)Simple schematic of gas metal arc
welding process, b) Metal transfer)

Tablo 3. Kaynak islemlerinde kullanilan kaynak parametresi (Welding parameter used in welding processes)

Kaynak Kaynak Kaynak Hiz1 Is1 Girdisi Kullanilan Ek Metal Akim Tiirii
Yontemi Akimi (A) (cm/dak) (kJ/mm) Gaz Cap1 (mm)
MIG 85 9.5 0.72 Argon (%85) 0.8 DC (+)
ve CO? (%15)

33



Karakaya, Koseoglu / Imalat Teknolojileri ve Uygulamalar: 3(3), 31-43, 2022

75

Sabit akim

> : :
£ Sabit voltaj Yay uzunlugu
"""" el =35 Uzun
postiggusiie D.g.\n';“kmn o —\p Orta
| ) fesi V“";‘ ) Temas borusu caliyma © 25 \ Kisa
Caligma mesafesi P Tt massfes ! m
————;W——%_——i—
Yay uzunlugu ™ - — 00 - 0"
Galisma pargas: Kaynak akimi, A
a) b)

Sekil 3. a) Gaz metal ark kaynagi terminolojisi, b) Ark geriliminin otomatik regiilasyonu [18] (a) Gas metal arc
welding terminology, b) Automatic regulation of arc voltage)

Atk boyunca ark gerilimi yay uzunlugu ile dogrudan orantilidir. Bu sebeple ark gerilimi yay
uzunlugu degistirilerek kontrol edilir [22]. Bir ark voltaji egrisinin voltaj kaynagi egrisi ile kesisimi
giic kaynaginin ¢alisma noktasi olarak adlandirilmaktadir. Kaynak islemi sirasinda ¢alisma noktasi
stirekli degisebilmektedir [21].
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Sekil 4. a) Metal aktarimi igin darbe akimi, b) MIG isleminin semasi [21] (a) Pulse current for metal transfer,
b) Diagram of MIG process)

Bir arastirmada, gazalti kaynak teknolojilerinin (MIG ve P-MIG) mekanik 06zellikler ve
mikroyapi {izerindeki etkileri analiz edilmistir. AIST 304 paslanmaz gelik bir boruya uygulanan
kaynakli birlestirmede Tablo 4’te verilen kaynak metalleri kullanilmistir. Sekil 5’te, gazalti kaynak
teknolojisiyle iiretilen numunelerden alinan mikroyap1 goriintiileri verilmistir. P-MIG yonteminin
kullanilmastyla homojen dagitilmis bir mikro yap1 elde edilmis olup (Sekil 5), ayn1 zamanda ¢ekme

dayanimi1 ve baglangi¢ kirilma toklugu artarken kaynakli baglantindaki kalint1 gerilmeler azalmistir
[23].

Tablo 4. Kaynak metalinin kimyasal analizi ve & -Ferrit igerigi (Chemical analysis of weld metal and 8-Ferrite
content)

Es o-Ferrit

Kaynak Metalinin Kimyasal Analizi ( Wt.) Degerler Icerigi (%)

Kaynak Tel C Cr Ni Mn N Mo Si Cu S P Cryq Nigg Est. Obs.
MIG 0024 191 94 16 01 014 038 0.14 0.013 002 193 123 6-8 7
P-MIG 0.029 191 935 156 0.1 014 046 0.2 0.012 0.01 193 124 6-8 6
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‘ﬁ,

’A“

Sekil 5. Mikroyap1 gorintiileri; a) MIG, b) P-MIG (Microstructure images; a) MIG, b) P-MIG)
2.2. Tlave Telin Onemi (Importance of Additional Wire)

Celiklerin birlestirilmesinde (MIG) argon gazina oksijen ve karbondioksit karistirilir. Boylelikle
oksijen hafif erime &zelligine sahip oksitlerin meydana gelisini hizlandirmakla birlikte ergiyen
elektrod ilave telden akan damlalarin yiizey gerilimini zayiflatir ve ince taneli metal gecisini saglar.
Oksijenin oksitleme 6zelligi, uygulanan kaynak telinde bulunan silisyum, aliiminyum, mangan,
titanyum, kiikiirt ve krom gibi alagim elementlerinin arttirilmasiyla olusur [24].

2.3. Koruyucu Gazin Onemi (Importance of Shielding Gas)

Yiizde yiiz saf Ar, Ar ve CO, karigimlari, Ar ve O, karisimlar ile duru CO; gaz1 ¢eliklerin
kaynaginda kullanilmaktadir (Tablo 5). Damlalari, kaynak banyosunu ve 1s1 tesiri altinda kalan
bolgeyi ve kaynak arki hareketlerini iyilestirmek gazlarin gorevidir [25]. MIG kaynaginda
kullanilmakta olan gaz karisimlarinda argonun rastgele reaksiyona katilmayacagi bu sebeple ark
olusumu ile kararliliginin daha hafif olacagi saptanmistir. CO,’in ise ergimis banyoyu oksitleyecegi,
tim durumlarda kisa devre kaynagini hafiflestirici ve saglam gegisi hazirlayacagi se¢ilmistir.
COy’in sigramasinin fazla olmasindan dolay1 CO; ve O;’in karistirtlmasiyla akimin azalarak kaynak
formunun ve akisinin diizelmesi, sigramanin diisecegi, kaynak getirisinin yiikselecegi goriilmektedir
[26]. Daha 6nceden yapilan galismalarin neticeleri incelenmis ve buna gore CO,, Ar ve O, karisimi
gazlar kullanilmasinin daha net sonuglar verecegi saptanmustir [27].

Tablo 5. Koruyucu gazlarin karisim oran1 (Mixing ratio of shielding gases)

Karisim Gaz Karisim Oram (%)
Ar CO, O,
S1 (80Ar+18C0,+20, karigimi) 80 18 2
S2 (88Ar+10C0O,+20, karigimi) 88 10 2
S3 (93Ar+5C0,+20, karisimi) 93 5 2

2.4. Gazalt1 Kaynagina Etki Eden Parametreler (Parameters Affecting Gas Welding)
2.4.1. Ark gerilimi (Arc voltage)

MIG kaynagi ve ortiilii elektrot ark kaynaginda pek ¢ok sebep sigranti olusumuna sebebiyet
vermektedir. Bu sebepler; kaynak ilerleme hizi, kaynak akim siddeti, ark gerilimi, tel siirme hizi,
serbest tel uzunlugu, kullanilan elektrota ait kimyasal bilesimi, koruyucu gazin cinsi, baglanilan
kutup ve gaz debisidir [28]. Yapilan g¢alismalarda ark kaynaginda, ortiilii elektrotta ve MIG
kaynaginda akim siddetinin yiikselmesi kaynak metaliyle si¢rantinin arttigin1 géstermektedir. Sekil
6 ve 7°de kaynak esnasinda farkli amperlerin kaynak dikislerine etkileri gosterilmistir.
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60 A 120 A

Sekil 6. Ortiilii elektrotla birlestirilen kaynak dikislerine ait yiizey goriiniimii [28] (Surface view of weld seams joined
with covered electrode)

100 A 125 A 155 A

Sekil 7. MIG kaynagiyla yapilan kaynak dikislerine ait yiizey goriinimii [28] (Surface view of weld seams made with
MIG welding)

2.4.2. Tel hiza (Wire speed)

Yapilan kaynakta kullanilan akim siddetinin, kaynak dikis bigimine ve boyutlarina, ergimeye ve
niifuziyete etkisi diger biitiin parametrelere gore daha siddetlidir. Sabit gerilimli sistemli olan
gazalt1 ark kaynak makinelerinde kaynak akim siddeti tel hiz1 ile beraber tel hiz ayar1 diigmesinden
ayarlanir [29].

2.4.3. Kaynak hiz1 (Welding speed)

Sabit kaynak parametrelerinde kaynak hizinin arttirilmasi dikisin kesitini kiigiilten etmendir.
Daha yiiksek kaynak hizinda ayni dikis geometrisine sahip olmak i¢in kaynak gerilimi ile birlikte tel
hizinin da arttirilmasi gerekmektedir. Kaynagi yapan kisi hiz1 istege bagli olarak se¢cemez. Elle
kaynak kullaniminda 40-60 cm/dak’lik kaynak hizlari orantilidir, fazla yiiksek hizlarda kaynakei
tifleci elle bicimli hareket ettirmekte zorlanir. Mekanize olanlarda ise hiz yiikseltilebilir. Kaynak
hiz1 asin1 fazlaysa kaynak dikisi disbiikey seklinde olmakla beraber darlagir. 1-1.5 m/dak kaynak
hizlar seri iiretimlerde kullanilmaktadir. 40 cm/dak’lik hizin altina diisiildiigiinde, arkin 6niine akan
kaynak banyosu niifuziyeti 6nemli miktarda diisiiriilebilir ve birlesme yanlishigina sebebiyet
vermektedir [25]. Sekil 8’de kaynak hizlarinin, dikis niifuziyetlerine oranlari sematik olarak
gosterilmistir.

2.4.4.Elektrot ¢apa (Electrode diameter)

Capa bagl akim siddeti aralig1 her tiir elektrot i¢in bulunmaktadir. Genis ¢apli elektrodlar fazla
akim siddetiyle kullanilabildikleri i¢in daha yiiksek bir ergimeye sahiptirler boylelikle daha derin
niifuziyete sahip dikisler bi¢imlendirip ortaya ¢ikarirlar. Ergime de akim yogunluguna ait
fonksiyondur [29].
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Sekil 8. Kaynak hizinin niifuziyet derinligine etkisi (Effect of welding speed on penetration depth)
2.4.5.Koruyucu gaz tiirii (Shielding gas type)

Teknolojinin ilerlemesiyle soy gazlar koruyucu gaz olarak kullanilmaya baglamistir. Bu soy
gazlara ornek olarak da argon ve helyum verilebilir. Soy gazlara ek olarak CO, gibi aktif gazlar da
kullanilmaya baglanmis ayn1 zamanda argonla beraber belirli oranlarda karistirilarak kullanilmistir
[29]. Sekil 9°da koruyucu gazlarin kaynak niifuziyetlerine olan etkileri verilmistir.

EYAa

Argon Argon-Oksijen
Helyum Argon-Helyum
Karbondioksit Argon-Karbendioksit

Sekil 9. Cesitli koruyucu gaz tiirlerinde bulunan kaynak dikisinin sematik gosterimi (Schematic representation of the
weld seam in various shielding gas types)

2.5. Tel Erime Hiz1 ve Akim Siddeti Arasindaki Risk (Risk Between Wire Melt Rate and Current
Intensity)
2.5.1. Kaynak geriliminin etkisi (Effect of welding voltage)

Ark ve kaynak gerilimi, elektrod ucu ile is pargasi arasindaki mesafeye gore belirlenir.
Niifuziyeti yiikselen ark gerilimi ile birlikte en uygun degere kadar artis gosterir ve bundan sonra
azalir. Yiksek ark gerilimi, niifuziyetin azlig1 sebebiyle birka¢c genis araliklarda baglanti
kurabilmek amactyla uygulanir. Fazla kiigiik ark gerilimi, siskin ve fazla dar kaynak dikislerinin
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bicimlenmesine neden olmaktadir. Asirt kiigiik ark gerilimleri ise gozenek olusumuna Sebep
olmaktadir [25]. Sekil 10°da verilen diyagrama gore farkli ark gerilimlerine gore kaynak dikisi
genislikleri degisiklik gostermektedir [30].
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Sekil 10. Ark geriliminin kaynak genisligine etkisi (Effect of arc voltage on welding width)

2.5.2. Kaynak hizinin etkisi (Effect of welding speed)

Kaynak hizin1 yari otomatik yontemlerde kaynakgi, otomatik yontemlerde ise makineler
tarafindan ayarlanir. Maksimum derin niifuziyet, kaynak hizinin en yiiksek oldugu degerde elde
edilir. Bu hizin yavaslamasi veya artmasi hallerinde ise niifuziyet azalir [25]. Sekil 11°de sabit akim
giicii igin volt-amper egrileri verilmistir [21]. Akim ve ark gerilimin sabit tutuldugu bir arastirmada,
optimum kaynak hizina ulasilana kadar penetrasyonun artacagi sonucuna varilmigtir. Ancak, hizi bu
optimum degerin lizerine ¢ikarmak penetrasyonun azalmasina neden olacaktir (Tablo 6) [31].

604 Normal CC Curve
,-Ideal CC egrisi
>
.§40 A
E ........... P
\B
O i
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A (a) Aklm, A
> 30 v S 7
£ = A _p ‘Ideal CV egrisi
= Q= ~Normal CV egrisi
Q
O 10+
100 200 300 400
(b)  Akim, A

Sekil 11. a) Sabit akim giicii igin volt-amper egriler, b) Sabit gerilimli gii¢ kaynaklar [21] (a) Volt-ampere curves for

constant current power, b) Constant voltage power supplies)
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Tablo 6. Akimin ve ark geriliminin sabit kalmasi durumunda kaynak hizinin niifuziyete etkisi (The effect of welding
speed on penetration when current and arc voltage remain constant)

SraNo Akim Ark Gerilimi Ark Zamam Kaynak Hizi Isi Girdisi Niifuziyet
(A) (V) (sn) (mm/dk) (J/mm) (mm)

1 105 24 25.40 94.48 1600.30 4.3mm
2 105 24 23.60 101.43 1490.68 5.1mm
3 105 24 21.90 109.58 1379.81 5.3mm
4 105 24 21.74 110.39 1369.68 5.41mm
5 105 24 19.70 121.82 1241.17 3.7mm
6 105 24 18.47 129.94 1163.61 3.5mm
7 105 24 15.76 152.28 992.90 3.3mm
8 105 24 14.60 164.38 919.82 3.19mm
9 105 24 13.50 177.77 850.53 3.10mm

Sekil 12°de soguk metal transferi (CMT), kaynak akiminin polaritesinin ters ¢evrilmesi (CMT-
ADV) ve elektrodun pozitif kutuplu olmasi1 (CMT-PADV) gibi kaynak uygulamalarinda akim ve
voltaj gerilimi degisimleri gosterilmistir [32, 33].
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Sekil 12. a) CMT, b) CMT-ADV, ¢) CMT- PADV'nin akim ve gerilim 6zellikleri ve d) v = 0.3 m/dak kaynak
hizinda ark modunun bir fonksiyonu olarak birim uzunlugu bagina enerji girisi

Burada, olgiilen tel besleme hizindaki hafif sapmalar, farkli ark modlart ve kaynak gii¢
kaynaginin uygun entegre kontrolii ile agiklanmaktadir. Sekil 6b, CMT-ADYV isleminin karakteristik
bir 6zelligi olan hem pozitif hem de negatif polarite sirasinda malzeme transferi kisa devre fazinda
gerceklesir. Negatif polarite, pozitif polaritenin aksine, daha diisiik 1s1 girisine ragmen biriktirme
oranini artiran arklanma noktasini arttirir. Pozitif dongii sirasinda, temel malzemeye daha fazla 1s1
verilir ve is pargasi yiizeyi aliminyum oksit tabakasindan temizlenir. Sekil 6¢'deki CMT-PADV
islemi, dongiisel tel hareketine sahip negatif kutuplu CMT dongiilerinin ve siirekli tel beslemeli
pozitif kutuplu puls dongiilerinin kombinasyonunu gostermektedir. Burada yedi negatif kutuplu
CMT dongiisii, pozitif kutuplu yedi puls dongiisiinii takip eder. Darbe dongiilerinde, malzeme
transferi kisa devresizdir ve temel malzemeye daha yiiksek bir 1s1 girisine izin verir. CMT-ADV
siirecinden daha yiiksek biriktirme hizlarina ulasilabilir.
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Deneysel aragtirmalarda, MIG islemi igin siirekli akimin yaygm olarak kullanildigi tespit
edilmistir. Darbeli akimin kullanilmasimmin ise WM mikroyapisin1 degistirdigi ve kaynak igin
gereken 1s1 girdisini azaldigr goriilmiistiir. Ayn1 zamanda WM’nin tane inceltme islemi, krom
konsantrasyonunun azalmasina sebebiyet verdigi saptanmustir.

3. BULGULAR VE TARTISMA (FINDINGS AND DISCUSSION)

Kaya ve ark. [5], ¢cekme deneyinin kaynakli numunelere uygulanmasi neticesinde ayrilma,
kaynak bolgesinin disinda ve az karbonlu gelik levhalarda olustugu, yapilan egme deneylerinde;
kaynakli numuneler her iki yonlii 180° egildiklerinde izlenebilir birlestirme hatast olmadigi ve
centik darbe deneylerinde, kaynak metalinin darbe doyumlugu ITAB’lara gore daha fazla dl¢iildiigi
goriilmiistiir. Sekil 13’de farkli akim degerlerinin kaynak dikisi sertliklerine etkileri verilmistir.

210 7-{  —0—70 Amper —— 80 Amper /90 Amper |

190 4 é‘<5(\

I

130 4 \é

110 4

AlSI 304 AISI 304 Diigiik C'lu gelik [Pusik C'lu gelik
ITAB

Ana malzeme ITAB Ana malzeme

b) Kaynak Bolgeleri

Kaynak metali

Sekil 13. a) Mikroyap incelemeleri, b) Sertlik testi (a) Microstructure investigations, b) Hardness testing)

Yapilan sertlik Olciimlerine bakildiginda en yiiksek sertlik, kaynak metalinde olmustur.
Mikroyap1 incelemelerinde, 1s1 girdisine baglh kalarak diisiik karbonlu ¢elik ile paslanmaz ¢eligin
ITAB yerinde taneciklerin biiylimesi goriilmistiir. Is1 girdisinin arttikga tanecik biiyiimesinin
cogaldigi ve kaynak metaline ait taneciklerin 1s1 akis dogrultusunda yonlendikleri fark edilmistir.

Yiirik ve arkadaglari tarafindan yapilan calismada [34], ¢ekme testleri sonucunda kaynakli
baglantilarin farkli parametrelerde birlestirilmesiyle ¢ekme mukavemeti ile % uzama biiytkligi
birbirlerine yakin oldugu goriilmiistiir. Kopmanin yakin olmasi yapilan deneylerin asil malzemede
uygulanmis olmasindan kaynaklanmistir. Sertlik Ol¢timlerine bakildiginda birlestirmenin iki
tarafindaki ITAB ile kaynak metalinin sertliklerinin, iki 6nemli malzemeden fazla olustugu
saptanmistir (Sekil 14).

S235JR ITAB I Kaynak Metali | I AIS1 430 ITAB ]
~ b

350 —| —0—1Nolu Parga —A—2 Nolu Parga  —— 3 Nolu Parga |—

Sertlik (HV o.5)

AISI430  AISI 430 Al ’:Z?;Ik |8235JR el s2350R

Sekil 14. a) Mikroyap incelemeleri, b) Sertlik testi (a) Microstructure investigations, b) Hardness testing)

Topeu’'nun yaptig1 calismaya gore MIG kaynak yontemi kullanilarak kaynak yapilan
numunelerin ¢ekme testleri incelendiginde, en yiiksek ¢ekme dayaniminin (678 MPa/662 MPa)
MIG kaynag: ile birlestirmis 304 paslanmaz numunelere ait oldugu goriilmiistiir. Kaynakl
numunelerin hepsinde kopma islemi kaynak yapilan bolgede ve ITAB’in disinda bulunan biiyiik
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adetli bolgede yapilmistir. Kopmanin ITAB bélgesinin diginda yer almasi ¢alismanin dogrulugunu
kanitlar niteliktedir. Optik mikroskop ¢alismasi sonucunda, ergiyip katilasan kaynak metalinin es
eksenli dendritik tanelerden meydana geldigi belirlenmistir. Mekanik 6zelikler ile mikroyap1 birbiri
ile orantili ilerlemektedir. Bu etkileri anlamak, celiklerin performansinin optimize edilmesi
acisindan ¢ok Onemlidir. Kaynak endistrisinin yiikselmesi ve mekanik o6zelliklerini gelistirecek
malzemelerin incelenmesi saglanacak sekilde dogrulanmasi Ongoriilmektedir. Biitiin incelemeler
neticesinde MIG kaynak yontemi ile yapilan biitiin kaynaklar TIG kaynak yontemine nazaran daha
iyi mekanik sonuglar vermistir. Bu sebeple genelde otomatik kaynak yontemi ile toprak alt1 ana
celik boru hatlarinda istenen mekanik ozelliklere yanit veren MIG (Metal Inert Gas) hem daha
islevsel hem de seri yonteme uygun oldugu i¢in tercih edildigi saptanmustir [1].

4. SONUCLAR (CONCLUSIONS)
Yapilan makale inceleme ¢alismasi sonucunda elde edilen veriler asagida sirasiyla verilmistir.

e Yapilan deneylerde paslanmaz geliklerin diger gelik tiirlerine gore 1siy1 iletme bakimindan
4-7 kat daha fazla direng gosterdigi i¢in normal gelik kaynaklarina gore %20-25 oraninda
daha az akim siddeti uygulandig1 goriilmiistiir.

e Kolayca oksitlenen paslanmaz celik, aliminyum gibi malzemelerin kaynaginda MAG
kaynag tercih edilmemistir. Bu nedenle MIG kaynak tercih edilmistir. MAG kaynagi daha
cok az alagimli ve alasimsiz ¢eliklerin kaynaginda kullanilmistir.

e Paslanmaz c¢eliklerin kaynaginda yiiksek ergime, derin niifuziyet, her pozisyonda
kaynaklanabilmesi, ara vermeden kaynak yapilabilmesi gibi 6zelliklerinden dolayr MIG
kaynak tercih edilmistir.

e Demir esasli ile demir dis1t metaller ve alagimlarinin kaynaginda uygun koruyucu gaz,
kaynak degiskenleri ve elektrot segmek sartiyla kaynak yapilabilmesi, uygulamanin kolay
olmasi, yar1 otomatik bir kaynak yontemi olmasi, ekonomik bir kaynak yontemi olmast,
gerekli ekip ve donanim saglandiginda tam otomatik kaynak yapilmasi nedeniyle MIG
kaynagi tercih edildigi goriilmiistiir.

e (Cift darbeli kaynak, ayni 1s1 girisinde geleneksel darbeli kaynaga kiyasla artan bir katilagma
biiylime hizina ve soguma hizina sahiptir. Cift darbeli kaynak tarafindan rafine katilagtirma
yapilari sayesinde gelistirilmis katilasma catlama duyarliligi elde edilmistir.

e Yapilan deneyler incelendiginde MIG kaynak yonteminin diger kaynak yontemlerine
nazaran daha iyi niifuziyet etkisine, daha az sigrama 6zelliklerine ve yiiksek verimlilige
sahip olmasindan dolay1 endiistride yogun bir sekilde kullanildigi1 saptanmustir.

¢ Fiizyon metalinin ¢ift darbeli kaynak ile mikro yapisal aritimi birkag aragtirmaci tarafindan
rapor edilmistir. Mikro yapisal iyilestirme mekanizmasi, kaynak havuz karistirma etkisinin
ve artan sogutma hizinin birlesik etkisi olarak ortaya ¢ikarmistir. Sayisal ve deneysel
sonuglar bir 1s1 girdisini degistirmek yerine darbe parametrelerini ayarlayarak rafine mikro
yap1 elde edilebilmesini gostermistir.

¢ Yapilan incelemeler sonucunda AISI 304 ile diisiik karbonlu ¢elik malzemelerin kaynaginda
siklikla MIG kaynak yontemi yapildig1 goriilmiistiir.

e Egme testleri sonucunda kaynakli numuneler her iki yonden 180° egildikleri zaman gozle
gortiliir herhangi bir kaynak hatasina rastlanilmamustir.
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ABSTRACT

In this study, a tension extension spring fatigue machine was designed and
manufactured. This machine was designed to test extension springs for door
mechanisms of the white appliances. The fatigue cycles were applied within desired
strain while fatigue testing. The force applied by jaws was driven by pneumatic
piston. The air pressure is 6 bar that acquired from local pneumatic network. The
maximum force was designed to meet at least 12 KN. Thereby, multiple quantities of
extension springs can be tested simultaneously. The applied force can be adjusted
pneumatic air pressure adjuster. The fatigue cycles were controlled by an electronic
circuit. The machine is also designed to complement desired humber of fatigue cycles.
For this reason, a counter was also added to controller. Manufacturing of the machine
elements and its tolerances were also described in detail. After manufacturing, an
exemplary pre-fatigue test was performed and its results were examined.
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OZET

Bu ¢aligmada, bir ¢ekme yay1 yorulma makinesi tasarlanmis ve imal edilmistir.
Cekme yay1 yorulma makinesi beyaz esya kapt mekanizmalarinda kullanilan ¢ekme
yaylarini test etmek icin tasarlanmigtir. Yorulma testi yapilirken yorulma dongiileri
arzu edilen gerinim ile uygulanabilmektedir. Ceneler tarafindan uygulanan kuvvet,
pnomatik piston tarafindan tahrik edilmistir. Hava basinct 6 bar olarak yerel
pnomatik sebekeden saglanmistir. Cenelerin uygulayabildigi en yiiksek kuvvet en
az 12 kN'yi karsilayacak sekilde tasarlanmistir. Bdylece birden ¢ok sayidaki uzatma
yay1 ayni anda test edilebilmektedir. Ayrica, uygulanan kuvvet pnomatik hava
basinct ayarlayic ile ayarlanabilmektedir. Yorulma dongiileri bir elektronik devre
tarafindan kontrol edilmektedir. Makine istenen sayida yorulma dongiisiinii
tamamlayacak sekilde tasarlanmistir. Bu nedenle, denetleyiciye yorulma dongiisiini
6l¢en bir saya¢ eklenmigtir. Makine elemanlarinin imalat1 ve toleranslart da detayli
olarak anlatilmistir. Imalat sonrasinda, 6rnek bir &n yorulma testi yapilmis ve
sonuglari irdelenmistir.

1. INTRODUCTION (GIRiS)

Springs are of important elements of the machinery designs since they store mechanical energy
to potential energy. The springs work as a transformer between kinetic and potential energy. The
potential energy is released back to kinetic energy depending on machine or design structure [1].
Thereby, the springs are used not only for energy storage but also for vibration damping. Vibration
is one of the main source of fatigue [2]. Fatigue is a failure resulting from cyclic behavior of the
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load [3, 4]. Cracks are formed and propagated through, resulting in failure of the machine elements
[5, 6].

The springs store the energy by some behavior such as compress and extension [7, 8]. The wire
of the spring is twisted while spring compressed or extended [9]. The cyclic compression and
extension of the spring results in cyclic twisting. Therefore, the springs are also vulnerable to the
fatigue much as a standard machine element [10-12].

The springs are designed to store maximum capacity of energy by increasing area under the
tensile strength curve [13]. As the tensile strength and elongation at break rises, the capability to
store energy also increases [14]. However, high tensile strength with increased hardness of the steel
rises sensitivity to the crack formation and propagation [15]. For this reason, the springs are
susceptible to the fatigue failures.

There are studies regarding fatigue life of the springs in the literature. Several studies have
followed some standard for testing procedures or manufactured tailor made testing devices. Kumar
et al. [16] tested leaf and coil springs made of EN47 steel which is widely employed landing gears.
They followed ASTM E606 standard for low cycle fatigue testing. A strain controlled fatigue
analysis machine was employed for fatigue tests. They used strain rate of 0.3% and 0.3Hz as fatigue
speed. Zhang [17] et al. studied effect of fatigue life on twins torsion spring made of 07Cr17Ni7Al
stainless steel. They used 5-mm amplitude and fatigue test speed of 5 Hz. They used a
reciprocating-type fatigue testing machine for twins torsion spring. Hashemi et al. [18] studied
fatigue life helical spring made of shape memory alloy. The experiments were conducted with 0.2
and 0.123 s strain rates. To sum up, there is some standards regarding fatigue testing but there are
special testing procedures for special purpose springs.

A fatigue life of the spring is important to determine since failure of the spring can results in
serious accidents. In this work, a machine for fatigue life of an extensions spring designed for home
appliance doors were designed and manufactured. The details of the design and manufacturing were
discussed in detail. The testing procedure and machine design were planned according to I1SO
22705-2 standard. 1SO/DIS 22705-2 is suitable for this work and describes the standard test
procedures for extension springs [19].

2. MODELLING AND DESIGN (MODELLEME VE TASARIM)
2.1. Extension Spring Design for Fatigue Tests (Yorulma Testleri igin Cekme Yay: Tasarimi)

The force loss against fatigue cycle is determining factor for fatigue life. After desired fatigue
cycle, the force loss is expected to be minimum. ISO/DIS 22705-2 was employed for a reference to
measure fatigue life of the spring. According to the ISO/DIS 22705-2, there is no obligation
regarding measurement of spring force. Fatigue test can be applied without measure the spring
force. For this machine, force was not measured and only strain that applied by pre-extending
spring length can be adjusted. The force loss is measured by between some testing intervals taking
outside of the machine.

The fatigue machine was designed to test with quantity of ten extension springs. This quantity of
testing specimen increases the reliance on results. This capacity is also depend on the force obtained
from pneumatic cylinder.
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Figure 1. Calculated forces for different extensions

Extension fatigue machine design is based on springs for home appliance door. The size of the
extension spring has an important effect on machine design. Figure 1 shows a basic drawing and
some calculations of an extension spring. Here, LO is natural length, L1 is first length for working
of extension spring, L2 is maximum length of the extension spring.

The forces are calculated according to (1). The drawing forces also confirmed by measuring with
a load cell.

F=k-x 1)

Here, F is Force (kgf), k is spring coefficient (kgf mm™) and x is the extension length (mm). It
should be noted that there is a base force before extend an extension spring to overcome. This force
is affected from Young modulus, diameter of the wire, pitch and wrapping diameter. K is
determined by following equation by measuring forces and the length of the extension.

_AF _ FR-F _ 71-31
T Ax  xp-x,  123-110

=3.08 kgf -mm™1 2)

The base force to overcome before extend the extension spring is determined as 3.08 kgf -
mm™1. Based on this result, the base force is determined as approximately 9.4 kgf by eq. (3) and

eq. (3).

F1 = Fpase + (L1 -LO) 'k (4) Fo=Fpse +(L2-L0)k (5)
31 =Fpae +(110-103)-3.08 71 = Fpase +(123 -103)-3.08
Fpase= 31 — 21.5 kgf Fpase = 71 — 61.6 kof
Fhase = 9.5 kgf Foase = 9.4 kgf
Total force (Frytq; ) 1S Obtained by eq. (4) 6965 N for 10 extension spring.
Frotm =n-F-g (6)

FTotal = 10 " 71 " 981
Frop = 6965 N

2.2. Diameter of the pneumatic piston (Pnématik Pistonun Capi)

Driving force that extend the springs should be sufficient to complement the fatigue cycle. The
diameter of the driving piston should be calculated to generate force yield. The diameter of the
cross section is directly proportional to the driving force. Also, air pressure has an influence on the
driving force. However, pneumatic air pressure regarded constant (6+0.5 bar). The diameter of the
pneumatic cylinder is selected as 160-mm. The pneumatic cylinder was selected as double acting
type. Since there is no returning spring inside, a spring that undergo fatigue cycles is prevented.
Thereby, machine working life is increased. As for calculation of the pneumatic spring diameter,
the working diameter is expected to greater than applied force.
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6 bar = 600000 Pa (7)
A=]]x1* =]]x0.08 =0,0201 m? (8)

The cylinder application force is obtained as 12060 N that is greater than the force for sum of the
ten extension spring, namely, 6965N. Therefore, generated force for designed cylinder is easily
sufficient for the fatigue machine.

2.3. Design of Fatigue Machine (Yorulma Makinesi Tasarimi)

The machine design consists of 13 parts. The part names and material types or brands are given
in Table 1.

Table 1. Designed parts for fatigue machine (Yorulma makinesi igin tasarlanan pargalar)

No Part name Part name or Material Quantity
1 Pneumatic cylinder Pemaks PKD-A 160 - 50 1
2 Upper plate 1050 Steel 1
3 Column support 1050 Steel 2
4 Linear guide HIWIN HG20 2
5 Upper spring holder 1050 Steel 1
6 Lower spring holder 1050 Steel 1
7 Guide HIWIN HGR20C 2
8 Lower plate 1050 Steel 1
9 Spring holder pin CTPh7.6x 20 20
10 Spring holder fixer 1050 Steel 2
11 Cylinder adapter tip 1050 Steel 1
12 F1 distance adjuster 1050 Steel 1
13 F2 distance adjuster 1050 Steel 1

The fatigue machine design is shown in Figure 2a-c. Accordingly, the pneumatic drive cylinder
(1) is fixed on the upper table (2) and the columns (3) with bolts. Ball bearing rail (7) is mounted on
the column support body (3) in order to provide linear movement capability. Rail carriage (4) and
tensioner undercarriage plate (6) are mounted on the rail (7). Thereby, it has become possible to
adjust the length by tightening it with a T bolt (11) and nut to allow springs of different lengths to
be attached to the machine as seen.
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Figure 2. Machine design views from a) Isometric perspective, b) Left and c¢) Partial detail from the left view
(a) izometrik perspektiften, b) soldan ve c¢) soldan kismi detaydan makine tasarim goértiniimleri)

Fatigue machine design from back side and a detail view is shown in Figure 2a and 2b,
respectively. F1 and F2 distance adjuster is consists of two block that works with each other to stop
the movement. As the position of the blocks can be adjusted. The brown block for F2 positioner
(13) is mounted to lower plate and can be adjustable. Therefore, extension springs with various
lengths can be tested.
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a) b)

10 4,

13

Figure 3. Design of fatigue machine from a) back side and b) a detail view (Yorulma makinesinin a) arka tarafindan
tasarimi ve b) detay goriiniimii)

2.4. Working Principle and Electrical Circuits (Calisma Prensibi ve Elektrik Devreleri)

Scheme of power supply and control circuit for extension spring fatigue machine is shown in
Figure 4a and 4b, respectively. The machine works with 220V main network current. The
equipment names or brands are given in Table 2. Main current directly feeds 24V PSU and digital
counter. To protect the machine from overcurrent, an electric fuse with 1A limit was placed before
feeding the machine. A switch relay was also embedded before relay to control the feeding current.

Table 2. List of equipment used in the fatigue machine (Yorulma makinesinde kullanilan ekipmanlarin listesi)

z
o

Name of equipments Quantity
5/2 24V Double Coil Valve 1
MCB-9 multiple function timing relay 1
24V Relay 1
24V power supply 1
2 Amper safety relay 1
1
1
1

Emergency stop button
ECH7700 Counter
RZT1 Sensor

o N o 0o B~ W NP

As for the control circuit, piston sensor triggers R1 relay on every opening via NPN 24V piston
sensor. R1 relay undertakes a pulse role for ENDA ECH7700 digital counter. MCB9 is a timing
relay. The timing relay also controls the speed of the fatigue cycle. The timing relay is adjusted to 2
Hz speed, namely, 2 cycle per second. If the timing relay, R1 relay, Emergency stop and ECH7700
counter is on the opened mode, the P1 solenoid valve is opened.
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Figure 4. Scheme of a) power supply and b) control circuit for extension spring fatigue machine (Uzatma yay1 yorulma
makinesi i¢in a) gii¢ kaynagi ve b) kontrol devresi semast)

P2 solenoid is designed for returning of the cylinder to the first state of the cycle. The conditions
for P2 solenoid are same as the P1 except for MCB9. If MCB9 timing relay is off, enfolding of the
cylinder is works. It cannot be expected to turn off cylinder when timing relay pulses as open since
the opened state is works only for turn on the cylinder.

Figure 5. Adjustable head plate design for different length of extension springs (Farkli uzunluktaki uzatma yaylari i¢in
ayarlanabilir baslik plakasi tasarimi)
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Before the springs are connected to the test device, the upper connection part number 5 of the
test device is moved and fixed according to the operating range of the springs. Figure 5 shows this
adjustable plate of the upper jaw. Then, the springs are attached to the pins and the device is
powered. Pneumatic piston rod pushes the part number of 13 down the springs to the end of the L2
working length. In this position, part 12 is connected to part 13 with bolts. Figure 6 shows image of
the extension spring fatigue machine in L1 and L2 position. When the pneumatic piston is retracted,
the device returns to the L1 position with the forces stored in the springs and the system is operated
in the range L1 -L2 for the desired cycle as a cycle.

a) b)

Figure 6. The image of the extension spring fatigue machine in a) L1 position and b) L2 position (Uzatma yay1 yorulma
makinesinin a) L1 konumunda ve b) L2 konumunda goriintiisti)

2.4. Manufacturing of the Fatigue Machine (Yorulma Makinesi imalatr)

Figure 7 illustrates extension spring fatigue machined as manufactured and mounted state. The
fatigue machine plates were produced from ck45 steel. The edges are milled and positioning
tolerance was adjusted to +£0.05 mm. The wide surfaces that work with rail and rail carriages are
grinded. The surface roughness (Ra) for these surfaces was 3.2 um. No heat treatment was applied
to these plates. For accurate positioning and mounting of position pins, hole tolerances were used as
h7. Reamers for h7 were employed after drilling of the holes. 0.1 mm chip thickness was allowed
for reaming process. Allen bolts were used. 10.9 quality used for the bolts to prevent deflection,
fatigue and antiblockage of the bolts.
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Figure 7. The extension spring fatigue machine after manufacturing and mounting (imalat ve montajdan sonra uzatma
yay1 yorulma makinesi)

2.4. Early Fatigue Tests (On Yorulma Testleri)

Figure 8.a and 8.b shows spring force results for 10% and 22% elongation, respectively. The spring
forces were measured before and after 20 000 cycle of fatigue. According to the results, there was a
limited decrease for both elongation. There was only 0.6 N and 0.8 N force loss for 10% and 23%
elongations, respectively. Already, an important force loss is to be expected start from 50 000
cycle, these measured losses can be expected. However, fatigue tests have decreased the spring
force even it was low amount.

a) 7

30.6

Spring force (N)

0 20000

Cycle

¢ force (N)

g

Sprin

0 20000

Cycle

Figure 8. Spring force results after a) 0 cycle and b) 20 000 cycle (a) 0O dongii ve b) 20 000 déngiiden sonra yay kuvveti
sonuglari)
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3. CONCLUSIONS (SONUCLAR)

In this study, a machine was designed and manufactured to determine the fatigue life of
extension springs of different sizes. The extension spring fatigue machine is designed to determine
the fatigue life of door springs in consumer durables. In the study, necessary calculations were
made for the required forces. A 120-mm diameter pneumatic cylinder was selected under 10
extension springs and a standard 6-bar operating pressure. Producing a total force of 12060 N, this
cylinder is double that of a standard door extension spring. The electrical diagram and the working
principle with pneumatic control are explained in detail. The highest fatigue cycle rate obtained was
determined as 2 Hz. This speed will give the most suitable results as it mimics the real fatigue
speed. Early tests applied to the specimens at 0 and 20 000 cycle illustrates there is a force loss for
extension springs although it was limited.
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ABSTRACT

In this study, the effects of dry, cryogenic cooling (LN,/CO,) environments and
different cutting parameters on power consumption in turning AISI 52100 bearing
steel with finite element analysis (FEA) were investigated. ThirdWave AdvantEdge
software was used for FEA. In the analyzes, dry and cryogenic cooling (LN,/CO,) as
the processing medium, three different cutting speeds (100 m/min, 150 m/min and 200
m/min), three different feed rates (0.1 mm/rev, 0.15 mm/rev and 0.2 mm/rev) and a
fixed depth of cut (0.5 mm) were selected as machining parameters. According to the
FE analysis results, it was observed that the power consumption in turning of AISI
52100 bearing steel in cryogenic cooling (LN,/CO,) environment decreased compared
to dry environment in all cutting parameters. In the turning experiments performed in
dry and cryogenic cooling (LN,/CO,) environments, it was observed that the
minimum power consumption was measured at low cutting speeds and high feed rates.
In this context, the lowest power consumption was measured as 72 W at 100 m/min
cutting speed, 0.2 mm/rev feed rate in LN, environment, while the highest power
consumption was 217.3 W at 200 m/min cutting speed, 0.1 mm/rev feed rate in dry
environment.

AISI 52100 Rulman Celiginin Kriyojenik Destekli Tornalama isleminde
Kesme Parametrelerinin Gii¢c Tiiketimi Uzerine Etkilerinin FEM ile

Incelenmesi

MAKALE BILGISI

Alinma: 09.10.2022
Kabul: 20.12.2022

Anahtar Kelimeler:
AlSI 52100

Kriyojenik isleme

Giig tiiketimi

Sonlu elemanlar metodu

OZET

Bu c¢aligma, sonlu eleman analizi (FEA) ile AISI 52100 rulman celiginin
tornalanmasinda giic tiikketimi {izerine kuru, kriyojenik sogutma (LN,/CO,)
ortamlarmin ve farkli kesme parametrelerinin etkileri incelenmistir. FEA ThirdWave
AdvantEdge yazilimi kullanilmistir. Analizlerde isleme ortami olarak kuru ve
kriyojenik sogutma (LN,/CO,) ile isleme parametresi olarak ti¢ farkli kesme hiz1 (100
m/min, 150 m/min ve 200 m/min), i¢ farkli ilerleme miktar1 (0.1 mm/rev, 0.15
mm/rev ve 0.2 mm/rev) ve sabit kesme derinligi (0.5 mm) secilmistir. FE analiz
sonuglarina goére, tim kesme parametrelerinde kriyojenik sogutma (LN,/CO,)
ortaminda AISI 52100 rulman ¢eliginin tornalanmasinda gii¢ tiikketimi kuru ortama
gore azaldigr gorilmiistiir. Kuru ve kriyojenik sogutma (LN,/CO,) ortamlarinda
yapilan tornalama deneylerinde diisiik kesme hizlarinda ve yiiksek ilerleme
miktarlarinda minimum gii¢ tiiketiminin Sl¢iildigli goriilmiistiir. Bu baglamda en
diistik giic titkketimi 100 m/min kesme hizinda, 0.2 mm/rev ilerleme miktarinda ve LN,
ortaminda 72 W Ol¢iiliirken, en yiiksek gii¢ tiiketimi 200 m/min kesme hizinda, 0.1
mm/rev ilerleme miktarinda ve kuru ortamda 217.3 W olmustur.
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1. INTRODUCTION (GIiRiS)

Future generations should be concerned about the rise in individual and industrial consumption of
the planet finite resources due to the world constantly growing population. Important research is
being conducted both in academia and the industry to create sustainable energy resources and
production processes to maximize the use of energy resources, which is one of the primary
resources, and to limit their impacts on human and environmental health. The manufacturing area
constitutes approximately half of energy consumption [1].

The turning process is frequently the preferred manufacturing method among all the
manufacturing methods in many industries. The conversion of a significant portion of the energy
used in turning into heat can cause various issues, including shortened tool life. During the
processing of materials that are called difficult-to-cut materials, much more heat generation and
therefore, energy consumption is observed compared to conventional materials. The most
commonly used method in the processing of such materials is hot processing, in which local heat is
applied to the workpiece with various heat sources [2-4]. Although the processing of difficult-to-cut
materials is facilitated by this method, the applied heat causes the cutting tool life to be shortened
and the surface quality reduction. While increasing the processing capability of difficult-to-cut
materials, another method to eliminate these handicaps caused by hot processing is to decrease the
cutting temperature [5, 6]. In addition, processing these materials in a dry environment is not
economical since it will cause tool wear [7]. For this purpose, high-pressure water jet coolant is
applied to diminish the cutting temperature at the insert [8]. On the other hand, the cooling capacity
of the water jet is not sufficient to reach the industrial quality level in the turning of difficult-to-
machine materials. For this reason, cryogenic fluid-assisted turning has been frequently used to
reduce the risk of high tool wear and improve surface quality [9, 10]. The literature has seen that the
turning of nickel-based superalloy materials with the help of cryogenic liquid has been examined in
detail both experimentally and numerically [11, 12]. In a recent thesis study, cryogenic treatment on
Inconel 625 material was compared with the dry method and its effects on surface roughness were
investigated [13]. Apart from nickel-based superalloys, cryogenic machining of materials such as
Ti, Tantalum, and steel has been extensively studied [14-16] while the scope of this study is to
examine the energy consumption of AISI 52100 steel. Similarly, the effects of cryogenic turning of
Inconel 718 material on the residual stress were investigated and the direct effect of liquid nitrogen
on the residual stress was presented experimentally and numerically [17]. Umbrello and Rotella et
al. studied the surface changes of AISI 52100 steel by cryogenic processing. The study results show
that the surface integrity properties can be enhanced, and the white layer is partially deducted under
cryogenic cooling conditions and certain process parameters. Rapidly falling cutting temperatures,
which prevent martensitic phase transitions, have been credited as the reason why cryogenic
processing is successful at minimizing the thickness of white layers [18, 19]. Bicek et al.
investigated the effects of ceramic and cubic boron nitride (CBN) on tool life and surface integrity.
The results showed that cryogenic coolant increases efficiency of AISI 52100 machining processes
[20].

While titanium, tantalum, and other metals extensively investigated in the literature, limited
studies have been conducted about numerical analysis of AISI 52100 bearing steel throughout
cryogenic turning. This study aims to investigate the effects of dry, liquid nitrogen (LN,), and
carbon dioxide (COy) cooling environments and different cutting parameters on power consumption
in turning AISI 52100 bearing steel through finite element (FE) analysis.

2. MATERIAL AND METHOD (MATERYAL VE YONTEM)
2.1. Finite Element Method (Sonlu Elemanlar Metodu)

FEM is a numerical approach method that enables mathematical solutions by transforming
complex structures into idealized structures to be divided into nodes and elements [21]. A variety of
software programs such as ANSYS LS-DYNA, ABAQUS, DEFORM, Third Wave AdvantEdge are
used in order to run FEM. Although programs such as DEFORM, ABAQUS, or ANSYS LS-DYNA
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are generally simulation software for the plastic deformation process, Third Wave AdvantEdge is a
software used for investigating machining simulations with FEM [7]. In this study, the effect of
cutting parameters on power consumption was investigated by using Third Wave AdvantEdge
software in the turning of bearing steel of AISI 52100, which is a difficult to cut material, under dry
and cryogenic cooling conditions. Table 1 shows the mechanical and thermal parameters of the
AISI 52100 bearing steel material utilized in the investigation.

Table 1. The mechanical and thermal properties of the AISI 52100 (AISI 52100'in mekanik ve termal dzellikleri)

Properties Workpiece Material (AISI 52100 Steel)
Density (kg/cm?®) 7.8

Poisson’s Ratio 0.3

Young’s Modulus (GPa) 210

Thermal Conductivity Coefficient (W/m°C) 46.6

Specific Heat (J/kg/°C) 476.975

Thermal Expansion(um/m°C) 119

To employ the finite element approach in simulations of metal cutting operations, boundary
conditions are required. These criteria may be used to compute the deformation rate, understand
how the workpiece's material will behave during plastic deformation, and model metal cutting
processes by selecting the appropriate modeling technique and modeling the material. To represent
the dynamic behavior of the model, the strain rate and temperature impacts of the constitutive
equations must be determined. The yield stress of a metallic material changes with strain, strain
rate, and temperature [22-24]. The mechanical behavior of the workpiece was described using the
Johnson-Cook (JC) yield surface forming material model in this study. The flow stress of the
workpiece is calculated using Equation 1 in the Johnson-Cook material model.

o = [A+ Be"] [1 +Cln (é)] [1 - (ﬁ)ml 1)

Elasto-Plastic

Viscosity Thermal Softening
AdvantEdge™ uses a coefficient of friction defined by the Coulomb friction given in Equation 2:
Fi=uk, )

Figure 1 depicts the overall geometric framework for finite element analysis with Third Wave
AdvantEdge. As a turning method, 3D turning is favored.

Figure 1. General geometric structure for FEM (FEM igin genel geometrik yap1)

In the first stage of the analysis, the dimensions of the workpiece material 1x1x3 mm were used.
Tool geometry properties and tool material parameters were defined in the program. The JC
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parameters and refractive constants used by Pawar et al. were used as shown in Table 2. [25]. The
cutting tool geometry used in the analysis is shown in Figure 2.

Table 2. JC parameters of AISI 52100 bearing steel [25] (AISI 52100 rulman ¢eliginin JC parametreleri)

AISI 52100 Steel

A (MPa) 2482.4

B (MPa) 1498.5

N 0.19

C 0.027

M 0.66

Tmelt (°C) 1487

1SO Tool Modeler X
Select Insert Parameter
1.Insert Shape 2. Clearance Angle 3. Tolerance 4. Insert Type 5. Insert Size 6. Insert Thickness 7. Nose Radius
B 5 » . i W W o8 5
Insert Shape
Side Rake Angle -6 (deg) L] iper Geometry
Wiper Radius {mm)
Back Rake Angle a {deg)
o Wiper Offset 0.2 {mm)
Lead Angle 0 (deqg) 80 "’ Wiper Offsct
<
Edge Radius 0.04 {mm) w
Tool Width 1 {mm) ' ©
- . Wiper Radius
Al
Advanced Options Cancel Help , .\'ur; Radius

Figure 2. Cutting tool parameters (Kesici takim parametreleri)

2.2. Cooling systems (Sogutma Sistemi)

The study of low temperature environments is known as cryogenics [26]. Low temperatures were
achieved for the analyses using LN, and CO,. LN, and CO, were approved as having cryogen
temperatures of 196.5 °C and 78.5 °C, respectively. Additionally, it was agreed that the heat
transfer coefficients for CO, and LN, were 309 W/m?K and 165 W/m?K, respectively [27].

2.3. Cutting parameters (Kesme Parametreleri)

In order to determine the cryogenic effect in the machining of AISI 52100 bearing steel, the
cutting parameters were obtained from the manufacturer's catalogs and previous studies. Table 3

shows the cutting parameters determined. In addition, the cutting depth was determined as 0.5 mm
in all analyzes.
Table 3. Cutting parameters and levels (Kesme parametreleri ve seviyeleri)

Cutting parameters Levels
Low -1 Medium 0 High +1
Cutting Speed (m/min) V 100 150 200
Feed Rate (mm/rev) f 0.1 0.15 0.2
Cooling Conditions Dry LN, CO,
Depth of Cut (mm) ap 0.5

3. RESULTS AND DISCUSSION (BULGULAR VE TARTISMA)

As a result of 3D turning analyses with Thirdwave Advantage software, power consumptions of
different cutting parameters in dry and LN, and CO, cooling conditions were simulated. Figure 3
shows the change in power usage based on cutting settings and cooling conditions.

Figure 3 shows that as cutting speed increased, so did power consumption in all cutting zones
and feed rates. For example, with a cutting speed of 100 m/min, dry machining condition, and feed
rate of 0.1 mm/rev, the power consumption was 199.2 W. It was observed that the power
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consumption increased by 8.7% and 11.32%, respectively, by subtracting the cutting speed of 150
m/min and 200 m/min in dry machining conditions and 0.1 mm/rev feed rate, respectivelyln other
cutting settings and feed rates, the rise in power usage paralleled the increase in cutting speed.
Lower power usage has been claimed to be possible only at slower cutting speeds [28]. It is seen
that power consumption decreases with increasing feed rate at all cutting speeds and cutting
conditions. It has been observed that the power consumption is 109 W at 100 m/min cutting speed,
LN, cutting condition, and 0.1 mm/rev feed rate. It was observed that power consumption decreased
by 22.02% and 33.95%, respectively, by increasing the feed rate of 0.15 m/rev and 0.2 mm/rev at
100 m/min cutting speed and LN, cutting condition. It has been stated that low cutting speed and

high feed rate values provide minimum energy consumption of the machine tool during the cutting
process [29].

a)
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o W
o o

w = o
©S s o

Power Consumption (W)

Power Consumption (W)

Dry

100

. LN2
Cutting fluig €92

250
200

150
100
50

Power Consumption (W)

Dry

LN2

Cuyy . co2
ng flyiq =

Figure 3. Power consumptions based on cutting parameters and conditions a) 0.1 mm/rev, b) 0.15 mm/rev, ¢) 0.2
mm/rev (Kesme parametrelerine ve kosullarina dayali gii¢ tiiketimleri a) 0,1 mm/dev, b) 0,15 mm/dev, ¢) 0,2 mm/dev)

As can be seen in Figure 3, the power consumption for all conditions in cryogenic fluid-assisted
turning is reduced compared to dry turning. In addition, it is seen that the lowest power
consumption occurred in the experiments performed in the LN, environment in all process
parameters. The lowest cutting speed (100 m/min), highest feed rate (0.2 mm/rev), and minimum
power consumption with 72 W in the LN, machining environment were measured. In the studies in
the literature, it has been stated that machining processes using coolant reduce the surface
roughness, tool wear, and power consumption values in general [28].

4. CONCLUSIONS (SONUCLAR)

In this study, the effects of power consumption on turning AISI 52100 steel at different cutting
parameters under dry and cryogenic LN,/CO, cooling conditions were investigated using Third
Wave AdvantEdge software. The outstanding results of this study can be summarized as follows:
v" Power consumption increased with the increasing cutting speed in all cutting conditions and
feed rates.
v' When all experimental conditions were compared, the minimum power consumption was

obtained in the LN, cooling turning process, and the highest power consumption was obtained
in the dry environment.
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v" In the LN, environment, the cutting parameter combination is 100 m/min cutting speed and
0.2 mm/rev feed rate for the lowest power consumption which is 72 W.

v" The cutting parameter combination with the highest power consumption was measured at 200
m/min cutting speed.
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