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MAKALE BILGIST ABSTRACT

Alinma: 11.10.2021 Aluminum and its alloys are commonly used in industry due to their lightness, high
Kabul: 30.11.2021 strength/weight ratio and easy formability. Various machining operations such as
Anahtar Kelimeler: turning, drilling, milling and threading are needed in order to be manufactured in
Aluminum alloys desired forms and used as a final product in mechanical systems. However, some
Machinability problems arise that negatively affect the machined surface quality, dimensional
Cutting force tolerance and cutting tool (CT) performance during the machining of these
Surface roughness materials. CT wear is among the most important of these problems. CT wear also
Tool wear causes loss of time due to tool changing and machine tool adjustment requirements

in machining operations. In this study, current studies on tool wear in the cutting of
aluminum-based alloys were investigated in detail and the factors affecting tool
wear were presented comparatively.
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Aliminyum ve alagimlari hafiflik, yiksek mukavemet/agirlik orami ve kolay
sekillendirilebilme 6zelliklerinden dolay1 endiistride yaygmn kullanim alanina
Keywords: sahiptir. Istenilen formlarda iiretilebilmesi ve mekanik sistemlerde nihai iiriin olarak
Aliiminyum alagimlar: kullanilabilmeleri i¢in tornalama, delme, frezeleme ve dis agma gibi farkl isleme
Islenebilirlik | i duvulmaktadir. Ancak. b | lerin sl . d
Kesme kuvveti operasyonlarina ihtiyag duyulmaktadir. Ancak, bu malzemelerin islenmesi esnasinda
Yiizey piiriizbiiliiFi 1§1§nm1§ yiizey kalitesini, boyutsal toleransi ve kemm takim performansini olumsuz
Takim asinmast etkileyen bazi sorunlar ortaya ¢ikmaktadir. Kesici takim aginmasi, bu sorunlardan en

onemlileri arasinda yer almaktadir. Kesici takim asinmasi, isleme operasyonlarmda
takim degistirme ve takim tezgahi ayarlama gereksinimlerinden dolayr zaman
kaybina da yol agmaktadir. Bu ¢alismada, literatiirde aliiminyum esasli alasimlarin
islenmesinde takim asinmasi iizerine yapilan giincel calismalar detayli bir sekilde
arastirilmis ve takim asinmasi tizerinde etkili olan faktorler karsilastirmali olarak
ortaya konulmustur.

1. INTRODUCTION (GIRi$)

Aluminum alloys are an important material today due to their high strength/weight ratio,
lightness, corrosion resistance, thermal and electrical conductivity. This situation increases the
widespread use of aluminum alloys in the industry, depending on the developing technology [1]. It
is preferred in aerospace, automotive, medical and defense industries due to its properties [2-5]. In
addition, structural and mechanical properties can be developed by adding alloying elements such
as copper, manganese, zinc, magnesium and silicon to aluminum-based alloys [6]. Thus, efficient
results can be obtained with longer service life in mechanical systems. These alloys are subjected to
different conventional machining operations such as turning, milling and drilling in line with
consumer needs so that they can be used as structural elements in mechanical systems. Since it has
different structural properties, it exhibits different properties in the machining method. Cutting
speed (V¢), feed rate (f) and depth of cut (ay) are defined as machinability input variables, while
output variables are cutting force (F.), surface roughness (Ra) and tool wear (TW) during the
machining of materials. Aluminum alloys exhibit a tendency to stick due to the adhesion wear
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mechanism in the CT during the cutting process with the effect of high ductility. This tendency
brings about an increase in the Fc and a reduce in the machined surface quality [7]. Accordingly,
independent variables such as V¢, f, a,, CT material and coolant must be controlled in order to
minimize tool wear which is among the machining outputs [8, 9]. In this study, current studies in
the literature about the effects of these independent variables on TW during cutting of aluminum-
based alloys were investigated in detail and presented in a comparative way.

2. CUTTING TOOL WEAR MECHANISMS (KESIiCi TAKIM ASINMA MEKANIZMALARI)

TW is one of the most significant factor showing the machinability index of materials.
Minimum tool wear is a necessary criterion for maximum productivity in machining theory.
Different CT materials and coatings can be preferred for machining aluminum alloys. Among these,
high-strength diamond and diamond-coated tools provide a better tool life and a good surface
quality [10]. However, diamond and diamond-coated tools are expensive compared to other tools.
Coated/uncoated carbide tools cost less than diamond tools. Efficient results can be obtained in the
cutting of aluminum-based alloys in terms of cost criteria. HSS (High speed steel) CTs can also be
used for roughing machining operations. TW that occurs during machining in CTs reveals with the
effect of deformations [11]. TW is a tribological feature that causes an increase in Ra in the area
where the CT contacts, due to the effect of the machining mechanism [12]. Surface quality is a
factor that affects tool life, dimensional tolerance of the machined material and the economy of the
machining process. Many types of wear can occur in CTs during the cutting of aluminum-based
materials. Some of these wear types are flank, crater, notch wear, built up edge (BUE), built up
layer (BUL) and thermal crack. Flank wear is formed on the surface of the CT where it comes into
contact with the machined material. It is formed by the continuous friction of the worn area on the
machined surface. It causes excessive wear on the CTs depending on time (Fig. 1a) [13]. Notch
wear is the result of excessive localized damage on both the bevel surface and the flank surface of
the insert at the a, line. It occurs due to the hardened surface structure with adhesion and
deformation. It is particularly common in the machining of stainless steel materials (Fig. 1b) [14].
BUE occurs when ductile materials are machined at low V.. It causes a change in cutting edge
geometry (Fig. 1c) [15]. Crater wear occurs when high-temperature chips strike the CT surface.
Crater wear is known to result from diffusion or dissolution wear at high V.. In other words, it
occurs due to the effect of the chemical reaction between the workpiece and the CT (Fig. 1d) [16].
Thermal crack occurs with the effect of sudden increase and decrease in tool-chip temperatures
during material machining. It usually occurs with interrupted cutting and the use of coolant in
milling (Fig. 1e) [17].

Figure 1. Wear mechanisms on the CT, a) Flank wear, b) Notch wear, ¢) BUE, d) Crater wear and €) Thermal crack [18]
(Kesici takimdaki asinma mekanizmalari, @) Serbest yiizey asinmasi, b) Centik asinmasi, ¢) Yigint1 talag, d) Krater
asmmasi ve ¢) Termal catlak)
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3. TOOL WEAR IN MACHINING OF ALUMINIUM-BASED ALLOYS (ALUMINYUM
ESASLI ALASIMLARIN iSLENMESINDE TAKIM ASINMASI)

Aluminum alloys are divided into two groups as wrought and cast. In addition, it can be
categorized according to the properties of alloying elements such as strain-hardenable and heat-
treated alloys. The machinability of many wrought aluminum alloys is excellent. While cast alloys
containing zinc, magnesium and copper as main alloying elements cause machining difficulties, the
use of small tool rake angle has been found to improve machinability. Alloys containing silicon as
the main alloying element require the use of large rake angle, low speed and feed, which increases
the cost [19].

3.1. Wrought Aluminium Alloys (Dévme Aliiminyum Alasimlari)

Wrought aluminum alloys are ideal for applications where a lighter metal is needed for
performance and safety, speed or energy efficiency. Aluminum wheels on racing cars and bodies of
aircraft are a perfect example of this. It has low density compared to steel. It is an ideal material for
aviation applications. In addition, wrought alloys can be easily shaped due to their good plastic
deformation ability. Examining the outputs obtained in the machining of these alloys is very important
in terms of the performance of these alloys. It has been determined that many studies have been done
on tool wear related to wrought alloys in the literature. Ping et al. were investigated surface integrity
and tool wear using different V. (250 and 750 m/min), f (0.06 and 0.08 mm/tooth) and a, (0.5 and 1.5
mm) in milling of 7050-T7451 aluminum alloy. It was observed that as the V. increased, the Fc, Ra
and BUE decreased. It was determined that the Ra increased with the increase of BUE formation on
the machined surface at low V.. In addition, it was revealed that the formation of BUE increased with
increasing of f [20]. Gao et al. researched the wear behavior of tungsten-carbide (WC) grain size and
cobalt (Co) content on the CT in the micro-milling process of 7075 aluminum alloy. They used
constant V¢ of 20 m/min, f of 2 um and a, of 50 um parameters. It was observed that the end mill with
finer grain size exhibited better wear resistance and the end teeth flank wear length of the micro end
mill increased with the increase of WC grain size. It was also revealed that the micro end mill exhibits
less wear resistance with the increase of Co content (Fig. 2) [21].

Right cutting edge

Figure 2. Wear morphologies on micro end mills for machining length of 480 mm, a) K55SF, b) DK500UF, ¢)
DKA450UF and d) DK120UF [21] (480 mm isleme uzunlugu i¢in mikro parmak frezelerde aginma morfolojileri)
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Wang et al. were examined TW in micro-milling of Al-6061 alloy diameter of 1 mm and TiAIN
coated carbide tool. Different radial a, (100, 200 and 300 um), axial &, (100, 150 and 200 um) and
feed per tooth (1, 2 and 3 um/tooth) parameters were used. The order of importance and optimum
values for the independent variable parameters were determined as axial a,: 300 um, feed per tooth:
1 um and radial ap: 150 pm, respectively. While it was observed that the main wear forms were
coating peeling (Fig. 3a), tool tip breakage (Fig. 3b) and adhesive (Fig. 3c) was detected as the wear
mechanism [22].
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Figure 3. SEM (Scanning electron microscope) and EDS (Energy dispersive X-ray spectroscopy) images on TiAIN

coated tool wear, a) Coating peeling, b) Breakage near edge nose of tool and c¢) Adhesive wear on tool [22] (TiAIN

kaplamali takimda takim aginmasi goériintiileri, a) Kaplama soyulmasi, b) Takimin kenar ucuna yakin kirilma ve c)
Takimda adhesiv aginma)

Zhang et al. researched the wear behavior of CTs during ultrasonic elliptical vibration cutting
(UEVC) and conventional cutting (CC) of AI-7055-T7451 alloy. TW was investigated using
different V (600, 900, 1200, 1500 and 1800 m/min), a, (1.5; 2; 2.5; 3 and 3.5 mm), feed (0.025,
0.05, 0.075, 0.1 and 0.125 mm/z) and vibration frequencies (5000, 10000, 15000, 20000 and 25000
Hz). It was observed that obtained under the same cutting parameters approximately four times
better surface quality with UEVC. Microcracks and large adhesion areas were observed on the
machined surface using CC, while better surface quality was observed using UEVC. It was
determined that tool wear was 3-5 times higher in CC under the same cutting parameters. While
tipping, spalling wear, adhesive and oxidative wear occurred as tool wear in CC, mild adhesive and
abrasive wear was observed in UEVC (Fig. 4) [23].
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Collapse

EDS of 900m/min under CC

SEM morphology of tool wear of 2.5mm under UEVC

Figure 4. Tool wear in CC and UEVC, a) SEM and EDS tool wear images for 900 m/min and b) SEM and EDS tool
wear images for a, of 2.5 mm [23] (CC ve UEVC'de takim asinmasi, a) 900 m/dak i¢in SEM ve EDS takim aginma
goriintiileri ve b) 2,5 mm kesme derinligi icin SEM ve EDS takim aginma goriintiileri)

3.2. Cast Aluminium Alloys (Dékiim Aliiminyum Alagimlari)

The use of light alloys in mechanical systems causes weak tribological properties. Different
alloying elements can be added to improve the tribological properties in the casting technique.
Thus, cast aluminum alloys can be widely used in the manufacture of engine blocks and bearing
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materials in the automotive sector. However, machining processes are required for cast alloys to be
used as final products in mechanical systems. Workpieces machined in the appropriate tolerance
ranges can be used precisely in mechanical systems. It has been observed that current studies on this
subject have been done in the literature. Bayraktar and Afyon examined the impacts of Zn and Cu
additions on the thrust force, Ra and tool wear of the Al-7Si alloy manufactured by the permanent
mold casting method. Constant V. (120 m/min), f (0.15 mm/rev), depth of cut (15 mm) and
uncoated carbide drills were used for drilling tests. While the minimum thrust force and Ra were
determined in the drilling of Al-7Si-4Zn-3Cu alloy (Fig. 5c), maximum BUE formation was
observed in the drilling of Al-7Si (Fig. 5a) and Al-7Si-4Zn alloy (Fig. 5b) [24].

Figure 5. BUE ve BUL formation on the drills, a) Al-7Si, b) Al-7Si-4Zn and c) Al-7Si-4Zn-3Cu [24] (Matkaplarda
yignt1 talas ve yigiti katman olusumu)

Hekimoglu et al. researched the Fc, Ra and TW in the milling of Al-35Zn alloy manufactured by
the permanent mold casting method. The experiments were carried out at different V. (600, 1200,
1800 rpm), feed (0.05; 0.1 and 0.15 mm/tooth) and constant a, (1.5 mm) using uncoated and TiAIN
coated carbide end mills. The Fc, Ra, BUE and BUL decreased with the increasing of V. in both
CTs, while it increased with the increasing of f. It was found that uncoated carbide tools
outperformed in terms of Fc, Ra and tool TW (Fig. 6) [25].

Figure 6. Wear on the CT edge, a) Wear on TiAIN coated tool for V: 600 rev/min, f: 0.05 mm/tooth), b) Wear on
TiAIN coated tool for V;: 1800 rev/min, f: 0.15 mm/tooth), c) Wear on uncoated tool for V.: 600 rev/min, f: 0.05
mm/tooth) and d) Wear on uncoated tool for V;:1800 rev/min, f: 0.15 mm/tooth) [25] (Kesici takimda asinma, a) V.: 600
dev/dak ve f: 0,05 mm/dis igin TiAIN kaplamali takimda aginma, b) V.: 1800 dev/dak ve f: 0,15 mm/dis i¢in TiAIN
kaplamali takimda aginma, ¢) V.: 600 dev/dak ve f: 0,05 mm/dis i¢in kaplamasiz takimda asinma ve d) V.:1800 dev/dak
ve f: 0,15 mm/dis i¢in kaplamasiz takimda aginma)
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Bayraktar et al. examined the impacts of Cu and Si additions on Fc, Ra and tool wear in Al-25Zn
alloy manufactured by permanent mold casting method. Different V. (250, 350 and 450 m/min), f
(0.05; 0.1 and 0.15 mm/rev), constant a, (1.5 mm) and CVD-AI,O3 coated carbide insert were used
in the experiments. It was revealed that while the Fc and Ra decrease with increasing of V., they
increase with increase of f. While Fc and Ra increased with the addition of Si, they decreased with
the addition of Cu. The least BUE formation was determined under Cu addition, 450 m/min V. and
0.05 mm/rev feed conditions (Fig. 7) [26].

Figure 7. BUE formations at the different V. values for Al-25Zn-3Cu alloy, a) 250 m/min, b) 350 m/min and c) 450
m/min [26] (Al-25Zn-3Cu alagimi i¢in farkli kesme hizi degerlerinde y1gint1 talag olusumlari)

Ghoreishi et al. examined TW in high speed face milling of AI/SiC metal matrix composites
using different V. (1000-2500 m/min), f (0.01-0.1 mm/tooth), a, (0.25-2 mm) and coolant (Dry and
CO,). It was observed that the tool wear rate increased more than 2.5 times with the increase of V,
from 1000 m/min to 2500 m/min. In addition, it was revealed that the tool wear rate increased five
times with an increasing of a, from 0.25 mm to 2 mm, while the tool wear rate increased eight times
with an increasing of f from 0.01 mm/tooth to 0.1 mm/tooth [27]. Pul investigated effects of
different MgO reinforcement ratios (5, 10 and 15%) on tool wear and Ra during the turning of Al-
MgO metal matrix composite materials with carbide (C), cubic boron nitride (CBN) and coated
cubic boron nitride (CBNC) CTs. For this, different V. (150, 200, 250 and 300 m/min), f (0.075,
0.15 and 0.225 mm/rev) and constant a, (1 mm) were used. It was determined that while the Ra
values decreased with the increasing of V., it increased with the increasing of f. It was observed that
the highest Ra values were measured at a V. of 150 m/min and a f of 0.225 mm/rev. It was revealed
that BUE and abrasive wear mechanism were effective in all CTs and ideal results were obtained
with C tools and 10% reinforcement ratio (Fig. 8) [28].

Recently, many researches have been carried out on tool wear during machining of wrought and
casting aluminum alloys. General information about these studies were given in Table 1.
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Figure 8. Tool wear images for C, CBN and CBNC tool materials in different reinforced rates, a) %5 MgO, b) %10
MgO and c) %15 MgO [28] (Farkli takviye oranlarinda C, CBN ve CBNC kesici takim malzemeleri i¢in takim aginma
goriintiileri)
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Table 1. Literature researches on tool wear (Takim aginmasi tizerine literatiir caligmalar1)

Authors Alloy CT Operation Operation parameters Result

BUE formation is highest in

the tool at a cutting speed of

1500 rpm and a feed rate of
200 mm/min.

V,: 1500, 2000 and 3500 rpm
f: 100, 150 and 200 mm/min and
SiC and Al,O; abrasive material having
concentration of abrasive %20, %25, %35

Fly ash and Mg
M. Kumar ve P. reinforced Al CNC Milling
Kumar [29] MMCs and Pure Uncoated HSS

Aluminum . Flank wear occurred at a
(1200 mesh size) feed rate of 200 mm/min.
Optimum machining
parameters; Cutting speed
of 2500 rpm, feed rate of
Ve: 1500, 2000, 2500, 3000 and 3500 rpm 200 Mm/min, axial depth of
. . cut of 20 mm and radial
Okokpujie et al 6061 aluminum CNC Milling f: 100, 150, 200, 250 and 30.0 mm/min depth cut of 1 mm
[12] ' alloy Uncoated HSS 10, 15, 20, 25 and 30 mm axial depth of Minimumm tool wear.in
cut, 1, 1.5, 2, 2,5 and 3 mm radial depth of : .
cut optimum parameters is
0.213mm.
The radial depth of cut has
the most influence
parameter on tool wear.
Abrasive wear was occured
at cutting speed 250-750
V.: 250, 500, 750, 1000 and 1250 m/min m/min.
Zhang et al. [20] 7050-T7451 TiN-coated hard alloy CNC Milling f: 0.06, 0.08, 0,10, 0.12 and 0.14 mm/rev  Adhesive wear was occured
' aluminum alloy indexable face cutter. and at 750-1000 m/min.
ap: 0.5-1.5mm Oxidation wear was
occurred at 1000-1250
m/min.
Rui-Songetal, TiB2 particles Coated carbide, _ Ve: 19, 25, 31, 37, 43, 49 and 55 m/min, diﬁsg?g:]":hgdoh;ﬂ;’t%n
[30] " reinforced 7050 PCBN and Universal Lathe f: 20, 30, 40, 50, 60 and 70 mm/min and wears were observed on the
Al MMC PCD ap: 0.2,0.4,0.6 and 0.8 mm

CTs.
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Authors Alloy CT Operation Operation parameters Result
WEC SPUN, The least tool wear was
. WC SPGN V.: 336, 426 and 540 m/min
0, l C 1 -
Pa“”[“‘,o,”f]a al. /"allgam'r'ﬁd WC+TiN, CNC Lathe f. 0.045, 0.06 and 0.09 mm/revand ~ observed in PCD and WC
WC+Ti(C, N)+Al,03 and ap: 2 mm SPGN tools.
PCD
7075, 2024 and V,: 200, 250, 325 and 400 m/min Al 2024 alloy exhibited
Muhe};rg]m Pul 6061 aluminum  Uncoated cemented carbide CNC Lathe f: 0.250, 0.350 and 0.400 mm/rev and performance more better
alloy ap: 2.5 mm than the other alloys.

The highest BUE formation
was observed in machining

2024, 6061 and T . V.: 40, 60, 80 and 120 m/min of 2024 aluminum alloy.
Bicanetal. [33] 7075 aluminum CVD (TIEONJQéZOB/TIN) CNC Lathe f:0.3 mm/rev and ap,: 1 BUL rates in machining of

alloy mm 2024 and 6061 aluminum
alloys was higher than 7075

aluminium alloy.

The optimum machining

parameters for minimum
flank wear were determined
SiCp particle CNC Lathe V.: 60, 120 and 180 m/min as V. of 60 m/min, f of 0.05

Sahoo et al. [34]  reinforced 7050 Uncoated WC f: 0.05, 0.1 and 0.15 mm/rev and mm/rev and a, of 0.4 mm.

Al MMC ap: 0.2, 0.3and 0.4 mm It was observed that the

cutting speed had the
maximum effect on tool
wear.
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4. CONCLUSIONS (SONUCLAR)

In this study, current studies on tool wear during machining of aluminum-based alloys were
investigated and these studies were presented in a comparative way. It was determined that
aluminum-based alloys were generally produced as cast and wrought in industrial applications. It
was demonstrated that the machinability of wrought alloys was excellent and the machinability of
cast alloys could be developed by adding various alloying elements. While V., f and a, were used as
machinability input parameters or independent variables, Fc, Ra and tool wear were examined as
output or dependent variables. The main forms of wear was generally identified as tool tip cracking
and coating peeling for wrought aluminum alloys. It was revealed that the wear mechanisms were
adhesive and abrasive wear. It was observed that the type of wear occurring in the tools used in the
machining of such alloys was BUE. It revealed that BUE formation could be reduced by a
combination of high Vc, low f and a,. It was found that the surface quality of wrought aluminum
was better than cast aluminum alloys during machining. It was observed that alloying elements had
an effect on the machining properties of cast aluminum alloys. Among these elements, it was
determined that Zn and Cu improve the machinability of alloys due to their lubricating effects.
Although it improved the castability and mechanical properties of the alloys, it was shown that the
addition of Si worst the machinability due to its abrasive feature. It was determined that BUE and
BUL formations occurred in CTs in the machining of these alloys.

As a result of this study, it was revealed that the F, Ra, BUE and BUL formation decreased with
the increasing of V¢ in machining of aluminium alloys, while it increased with the increasing of f. It
was determined that a combination of high V. and low f should be selected as optimum cutting
conditions. In future studies, the effects of elemental additions such as Chromium, Manganese and
Nickel on tool wear can be investigated in detail in terms of both wrought and casting techniques.
Optimum cutting conditions during cutting tests can be determined by methods such as Taguchi,
Gray relational analysis (GRA), ANN (Artificial neural network) and ANOVA (Analysis of
variance). In addition, alternatives in machining theory can be ranked by multi-criteria decision
techniques such as TOPSIS (Technique for Order Preference by Similarity to ldeal Solution),
ELECTREE (ELimination Et Choix Traduisant la REalité), AHP (Analytic Hierarchy Process),
VIKOR (Visekriterijumsko Kompromisno Rangiranje) and COPRAS (Complex Proportional
Assessment).
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