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Abstract  
 
This paper presents the experimental results on the milling process of an Al-53 % silicon alloy 
using a polycrystalline cubic boron nitride PCBN diamond coated tool. The influence of 
different cutting parameters on material removal rate, roughness evolution milling forces, 
machine vibration and the surface quality of the machined material was measured during the 
experiments. Cutting forces were measured using Kistler table and digital acquisition system. 
Surface roughness and morphology were quantified using a confocal laser-digital microscope. 
 
Keywords: Machinability of aluminum-silicon alloy, milling, diamond coated tools. 
 
1. Introduction 
 
The aluminum microstructure composite reinforced with high volume fraction silicon particles 
(AlSi) has been identified as a potentially suitable material system for space applications, 
because it has high thermal conductivity, low coefficient of thermal expansion and low density, 
references [1 – 3]. However, the hardness of silicon is higher than that of aluminum alloy. Thus, 
it is necessary to study the effect of Si on the machinability of the material. 
 
The surface finish, which includes the topography and defects of the machined surface, has been 
studied in several studies. The surface roughness parameters are the basic indicators of the 
quality of the machined surface. The work of Ammula and Guo [4] showed that the feed rate 
has a major effect on the surface integrity compared to cutting speed and the depth of cut on 
6061-T651 alloy. The surface roughness trends were often associated with the formation of the 
built-up-edge (BUE). Gómez-Parra et al., [5] showed that the increase in BUE caused a 
decrease in the roughness, Ra. Indeed, the presence of the BUE increases the radius of the tool 
nozzle, thereby improving the surface roughness. However, Iwata and Ueda [6] stated that BUE 
leaves cracks on the machined surface. Thus, it increases the surface roughness and deteriorates 
the resistance of the part. Li et  al., [7] studied the effect of high cutting speed on the integrity of 
the 7075 aluminum alloy surface. Their results showed the positive effect of high cutting speed 
on surface integrity. 
 
Andrewes et al., [8] treated experimental results on the machinability of silicon-reinforced 
aluminum and 65 % of silicon carbide (Al / Sip + SICP) during the milling process with a 
carbide tool. They measured cutting forces, wear, tool life, and the quality of the machined 
surface. They showed that if the same volume fraction of the silicon particles is replaced by 
silicon carbide while keeping the particle size, the flexural strength and the Vickers hardness are 
improved. Therefore, machinability becomes more difficult. 
 
As reported by El-Gallab and Skladb [9], machining performance is a good indication of the 
workpeace machinability. During the machining operation, many parameters can affect the 
machining performance. Many studies have considered some variables as criteria of 
performance of machining. In summary, the most used criteria are Tool wear (tool life), 
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Table 1. Parameters of the milling tool. 
 Tools 32415-C4 

Geometric propriety 

Cutter Diameter 3.175 mm 
Corner Radius 0.381 mm 
Length of Cut 12.7 mm 

Depth of Cut Radial 0.79375 mm 
Depth of Cut Axial 9.525 mm 

Number of teeth 4 

Coating propriety 

Coating / Substrate Amorphous Diamond 
Structure Mono-layer 
Hardness 78 - 88 GPa 

Coefficient of Friction 0.1 
Coating Thickness 0.5 - 2.5 microns 

Max. Working Temp 399 °C 
 
2.3. Milling Tests  
 
Milling tests were performed using a HURON K2X10 computer numerically controlled CNC 
machine with a maximum rotational speed 28 000 rpm. The maximum permissible weight is 
3000 kg with 1150 x 800 mm for the working area. The milling station was equipped with an 
internal system lubrication.  
 
The machined composite surface was observed with a scanning laser microscope (OLYMPUS 
OLS4100, LEXT). The arithmetic surface roughness Sa of the machined composite surface was 
measured by a microscope and its corresponding microphotograph system with a resolution of 
0.0254 mm. The parameters and set-ups which the microscope was programmed to measure the 
roughness was taken from the work of Aidibe et. al., [11]. A non-contact magneto-static force 
sensor was mounted on the part to measure the vibration, using this dynamometer and a charge 
amplifier, the forces in x, y and z direction, could be measured. The accelerometer was placed 
on the machine bed in such a way that x is the normal direction, y is the feed direction and z the 
axial direction. For the thrust force generated during milling the part was fixed in a Kistler four-
component piezoelectric platform dynamometer (Switzerland, KISTLER9272).  
 
In order to reveal the effect of cutting parameters on the machinability of MS43 clearly, a fixed 
milling conditions were applied for all specimens. The milling tests were performed at a 137.2 
cutting speed using a 0.0254 feed rate per tooth. During each milling cycle a 15.24 mm/min and 
0.00005 mm/tooth was to be subtracted for 5 items, in total there will be 25 samples with 
different cut parameters to evaluate the effect of each parameter. The radial depth of cut was 
0.3175 mm and axial depth of cut was 9.525 mm of all time. 
 
3. Results and Discussion 

 
3.1. Surface Integrity  
 
The roughness measurements and the surface damage analysis were carried out on the machined 
part. In the direction of the displacement of the tool and in the axial direction, the 2D profiles 
were made as shown in Figure 2 to measure the arithmetic surface roughness Sa for the two 
ends of the cutting parameters. A quantitative analysis was developed to quantify the effect of 
cutting conditions on the surface topography. The amplitude distribution of the 2D surface 
roughness parameters was described by, Sa. The microscope applies several measurements on 
the surface concerned in the form of texture to generate an average value. Figure 2a illustrates 
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