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Abstract: Aluminium alloys are increasingly used by the automotive and aerospace industries because of their 
numerous advantageous mechanical and chemical properties. Surface roughness is an essential characteristic of a 
machined surface. The most widespread aluminium alloy used in cutting is the die-cast type, alloyed with silicon. 
Industries prefer using two types of such alloys, the so-called eutectic and hypereutectic alloys. In this article the 
machinability of two die-cast aluminium alloys are examined with different edge-geometry tools (conventional - 
ISO, nonconventional - Wiper) and edge materials. The cutting experiments were carried out with design of 
experiment – DOE (the so-called central composite design – CCD). In the course of the examination three factors 
were altered (cutting speed – vc, m/min; feed – f, mm; depth of cut – a, mm), and the main surface roughness 
parameters used in the industries were taken as output parameters. The parameters of the manufactured surface 
roughness and their standard deviation in the case of different workpiece materials, tool materials and edge 
materials were analysed with statistical methods. Besides minimizing surface roughness, another important 
criterion of the manufacturing system (machine – tools – chuck – workpiece) is its surface roughness maintaining 
capacity, which was analysed with the coefficient of variation (CV). 
Key words: fine turning, surface roughness measurement, design of experiments, RSM method, statistical analysis, 
cutting capacity 
 
Ispitivanje homogenosti fino strugane legure aluminijuma. Legure aluminijuma se sve više koriste u 
automobilskoj i avio industriji zbog njihovih brojnih prednosti usled mehaničkih i hemijskih osobina. Površinska 
hrapavost je ključna karakteristika obrađene površine. Najkorišćenija legura aluminijuma kod rezanja je livena pod 
visokim pritiskom sa silikonom kao legirajućim elementom. Industrija preferira dva tipa takvih legura, tzv. 
eutektičke i nadeutektičke legure. U ovom radu je istraživana obradljivost dve legure aluminijuma, livene pod 
pritiskom, sa različitim reznim geometrijama alata (konvencionalna – ISO, nekonvencionalna – Wiper) i različitim 
materijalom rezne ivice. Eksperimenti rezanja su izvršeni po planu eksperimenta (centralnim kompozitnim planom 
eksperimenta). Tokom trajanja eksperimenta varirana su tri faktora (brzina rezanja – vc, m/min; pomak – f, mm; 
dubina rezanja – a, mm) i vrednosti hrapavosti obrađene površine su praćeni kao izlazni parametri. Parametri 
hrapavosti obrađene površine i njihova standardna devijacija u slučaju različitih materijala obratka, materijala 
alata i materijala reznih ivica su analizirani statističkim metodama. Pored minimiziranja površinske hrapavosti, još 
jedan važan kriterijum proizvodnih sistema (mašina – alat – pribor – obradak) je mogućnost održavanja hrapavosti 
površine, koji je analiziran koeficijentom varijacije. 
Ključne reči: fino struganje, merenje hrapavosti površine, plan eksperimenta, RSM metoda, statistička analiza, 
kapacitet rezanja 
 
1. INTRODUCTION 
 
 Surface roughness measurements are essential in 
the characterization of machined surfaces. To 
thoroughly examine the effect of cutting parameters on 
surface roughness, a large number of experiments are 
needed, depending on the number of parameters. With 
the method of design of experiments (DOE), the 
number of experiments can be reduced. If only linear 
effects of cutting parameters are considered, fractional 
factorial design is sufficient, but to examine quadratic 
terms and the cross effect of parameters, the RSM 
method has to be used [1]. 
 DoEs are often employed in cutting research. 
Aouchi et al. [2] and Noordin et al. [3] examined hard 
turning with a CBN and a hard metal tool and the 
resulting surface with the help of DoE. Asiltürk et al. 
[4] examined stainless steel turning with coated hard 

metal tools. Dry, wet, and MQL turning were examined 
with DoE by Hwang [5]. Harničárová et al. studied the 
topography of laser-cut surfaces [6]. Lazarevic et al. 
examined the surface roughness of engineering 
polymers by using the Taguchi method [7]. Mankova et 
al. examined the chip deformation of coated and 
uncoated drills with the Taguchi method and built a 
mathematical model with the machining parameters as 
input [8]. Pokorádi showed the theoretical background 
of mathematical modelling [9] and importance of 
parametrical uncertainties caused by measurement [10]. 
Horvath et al. examined the fine-turning of aluminium 
with the help of DOE; they set up empirical equations 
to estimate the roughness producing capacity of the 
examined tools (Ra, Rz) [11], as well as defining 
surface roughness and productivity target functions, 
and looking for optimal parameters [12, 13]. 
 We carried out cutting experiments to determine the 
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connection between cutting parameters and surface 
roughness values in the case of different edge geometry 
diamond tools, different edge materials and different 
workpiece materials. Our aim was to compare and 
describe the effect of the tools on surface roughness 
with statistical methods. Another aspect of our research 
was to examine the behaviour of the workpiece 
materials under HSC turning. Besides minimizing 
surface roughness, another important characteristic of 
the manufacturing system (machine – tools – chuck – 
workpiece) is its surface roughness maintaining 
capacity. 
 
2. SUBJECT AND METHODS 
 
2.1 Workpiece and tool materials 
 
 Increased silicon content means difficulties in the 
cutting of aluminium. The primary silicon crystals 
found in the aluminium matrix make the chip break 
more easily, but their presence leads to faster tool wear 
(which can be most often observed in the case of hard 
metal tools) and makes cutting more difficult. The 
workpiece materials were AS12 (eutectic) and AS17 
(hypereutectic), frequently used in the automotive, 
aerospace and defence industries. The advantage of the 
eutectic workpiece material is its perfect castability 
while the benefits of hypereutectic alloys are their 
bigger fatigue limit and their better resistance to 
abrasion. The chemical composition (in wt.%) and 
hardness of the workpiece were: for AS12 the Al 
content is 88.43%, the Si content is 11.57%, and the 
hardness is 64±2 HB2,5/62,5/30. For AS17 the Al content 
is 74.35%, the Si content is 20.03%, the Cu content is 
4.57%, the Fe content is 1.06%, and the hardness is 
114±3 HB2,5/62,5/30.  
 The examined part was a cylinder with a diameter 
of 110 mm. The experimental runs were made at every 
10 mm, at twelve reference lines equally positioned at 
30 degrees as can be seen in Fig. 1. 
 

 
Fig. 1. The measurement of surface roughness 
 
 The two metallographic specimens of the workpiece 
materials (machined surface) are shown in Fig. 2. In the 
figures the difference between the eutectic and hyper-
eutectic fabrics can be seen. The hard primary silicon 
crystals appear in the case of the hypereutectic material 

(AS17), while the photo of the AS12 material shows a 
typical eutectic fabric.  

 
a) 

 
b) 

Fig. 2. Metallographic specimen of the workpiece 
materials; a) Material: AS12 material; cutting 
parameters: vc = 1833 m/min, f = 0.118 mm, a = 
0.733 mm; tool material: CVD-D, tool 
geometry: Wiper; b) Material: AS17 material; 
cutting parameters: vc = 1833 m/min, f = 0.058 
mm, a = 0.733 mm; tool material: CVD-D, tool 
geometry: ISO 

 The standard designation of the tools selected were 
DCGW 11T304 with ISO and Wiper edge geometry. 
The edge materials were PCD, CVD-D, MDC and they 
were manufactured by TiroTool (PCD, CVD-D) and 
WNT (MDC). The holder of the tool was codified as 
SDJCR 1616H 11. The average surface roughness (Ra) 
and maximum height values (Rz) were measured by a 
Mitutoyo SJ-301 surface roughness tester. Parameters 
relating to surface roughness measurement were: l = 4 
mm, λc = 0.8, N = 5. The measurements were repeated 
at twelve reference lines (Fig. 1.) and the values were 
averaged. 
 
2.2 Experimental design 
 
 Response surface methodology (RSM) is a 
procedure able to determine a relationship between 
independent input process parameters (e.g. cutting 
parameters) and output data (process response, e.g. Rz, 
Ra). In the course of DOE, a response surface method 
was chosen, the central composite design (CCD) 
method. The CCD method was set up for three 
controllable factors: cutting speed (vc), feed rate (f) and 
depth of cut (a). Each factor had 5 different levels. The 
number of experimental runs was 16, in which two 
trials were examined in the centre of the design (Table 
1). 
 The limits of the studied cutting parameters are set 
to meet the values used by industries currently and the 
requirements of high speed cutting (HSC) applications 
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as well. Wiper tool geometry is known to produce the 
same roughness at twice as high or even higher feed as 
ISO geometry [14]. Therefore, to enable proper 
comparison of the surfaces machined with the different 
geometry tools, the feed of the Wiper tools are different 
from the feed of the ISO tools (Table 2 and Table 3). 
The minimum and maximum values of the cutting 
parameters used in the examination can be seen in 
Table 2 and Table 3. 
 

23 central composite design 
Runs vc f a 

1 -1 -1 -1 
2 -1 -1 1 
3 -1 1 -1 
4 -1 1 1 
5 1 -1 -1 
6 1 -1 1 
7 1 1 -1 
8 1 1 1 
9 -1.28719 0 0 

10 1.28719 0 0 
11 0 -1.28719 0 
12 0 1.28719 0 
13 0 0 -1.28719 
14 0 0 1.28719 

15 (C) 0 0 0 
16 (C) 0 0 0 

Table 1. Design of experiments with the levels of 
factors 

 
vcmin = 500 m/min vcmax = 2000 m/min 

fmin = 0.05 mm fmax = 0.12 mm 
amin = 0.2 mm amax = 0.8 mm 

Table 2. The limits of used cutting parameters (ISO 
geometry) 

 
vcmin = 500 m/min vcmax = 2000 m/min 

fmin = 0.10 mm fmax = 0.24 mm 
amin = 0.2 mm amax = 0.8 mm 

Table 3. The limits of used cutting parameters (Wiper 
geometry) 

 

3. RESULTS AND STATISTICAL ANALYSIS 

 
 The experiments were performed with five types of 
tools and two types of workpiece materials in the range 
of the examined cutting parameters. The results are 
grouped according to these two types of tools. 
 
3.1. The results of ISO geometry tools 
 
 The averages of the measured results belonging to 
each experimental setting can be seen in Fig. 3., for 
different materials and types of tool. The averages of 
the Ra and Rz parameters show that there is no clear 
difference between the workpiece materials. It can also 
be seen that the behaviours of the different tools are 
quite similar to each other. 

 
 

 
Fig. 3. The means of the Ra and Rz values in different 

experimental runs with ISO geometry; a) The 
means of the average surface roughness values 
regarding different workpiece materials and 
different tools; b) The means of the maximum 
height surface roughness values regarding 
different workpiece materials and different tools 

 
The index number of the surface roughness measured 
on the cylinder (twelve times, every 30 degrees) may 
be the value of the coefficient of variation (CV), which 
is calculated as follows:   

 
x

s
CV     (1) 

where  is the mean and s is the standard deviation of the 
twelve repeated measurements in each case. 
 The CV values of each experimental run were 
shown with regard to Ra (Fig. 4.a) and Rz (Fig. 4.b). 
On the bar charts it can be seen that there is no 
difference between the tools in the deviation of the 
measured values. When the workpiece materials are 
compared, it is clear that the variations measured in the 
case of AS17 are much lower than in the case of AS12. 
 The differences of the CV values were examined 
with a nonparametric test (Wilcoxon Sign test). These 
values were produced by subtracting the CV values for 
the two types of workpiece materials in identical sets 
(delta CV = CVAS12 - CVAS17). 
 

Wilcoxon Estimated 
 N Statistic P Median 

delta CVRa 48 1123.0 0.000 9.345 
delta CVRz 48 1103.0 0.000 6.518 

Table 4. The results of the Wilcoxon Sign test for tools 
of ISO geometry 
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a) 

 
b) 

Fig. 4. Analysis of the coefficients of variation in the 
case of ISO geometry; a) CV values in the case 
of Ra; b) CV values in the case of Rz 

 
 Based on the test results (Table 4.) it can be 
stated that the surface roughness of AS17 has 
significantly lower deviations, than the surface 
roughness of AS12. 
 
3.2. The results of the Wiper geometry tools 
 
 For Wiper tools the average values of the Ra and Rz 
parameters of each set can be seen in Fig. 5. When the 
experiments carried out with two types of Wiper 
geometry tools are compared, it is evident that in the 
case of both tools the mean values of surface roughness 
are lower when AS17 is cut. 
 For the measured values the nonparametric Mood 
median test was carried out. The results of the test 
show that the Ra values do not differ significantly for 
the two workpiece materials, although the Rz values are 
smaller when the workpiece material is AS12 (at 95% 
significancy level) (Table 5). 
 

 
Table 5. The Mood median test for Rz 
 
 The CV values of Wiper tools can be seen in Fig. 6. 
It is clear that the variations of surface roughness are 
significantly smaller in the case of AS17. 
 

 
 

 
Fig. 5. The means of Ra and Rz values of different 

experimental runs in the case of Wiper 
geometry; a) The means of the average surface 
roughness values regarding different workpiece 
materials and different tools; b) The means of 
the maximum height surface roughness values in 
the case of different workpiece materials and 
different tools 

 
 

 
a) 

 
b) 

Fig. 6. Analysis of the coefficients of variation in the 
case of Wiper tools; CV values for Ra; b) CV 
values for Rz  
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 The differences of CV values were analyzed with 
the non-parametric Wilcoxon Sign test (Table 6.). 
 

Wilcoxon Estimated 
 N Statistic P Median 

delta CVRa 32 497.0 0.000 9.700 
delta CVRz 32 472.0 0.000 5.217 

Table 6. The results of the Wilcoxon Sign test for the 
tools of Wiper geometry 

 
 The results show that the variations within the 
surface (for Ra and Rz) for AS17 workpiece materials 
are significantly smaller than in the case of AS12. 
 
4. CONCLUSION 
 In this article the machinability of two types of die-
cast aluminium alloys were examined with different 
type and edge-material diamond tools. The results are 
as follows: 
- the ISO geometry tools cut both workpiece materials 
in a similar way; 
- the Wiper geometry tools produced significantly 
lower surface roughness when the workpiece material 
was AS17; 
- even at double feed the Wiper geometry tools 
produced lower surface roughness values than the ISO 
geometry tools; 
- statistical analysis showed that the surface of the 
workpiece material was more homogeneous in the case 
of AS17 than in the case of AS12. 
 In summary, it can be stated that the roughness-
maintaining ability of the manufacturing system 
depends only on the workpiece material. 
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