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ABSTRACT – This paper presents the effects of 

cutting depth and table speed on the surface roughness 

of an aluminum silicon alloy (AlSi) matrix composite 

reinforced with 5% aluminum nitride (AlN) after 

grinding. Experiments were conducted at various 

cutting depths and table speeds according to a full 

factorial L9 orthogonal array. The surface roughness of 

the machined surface was observed using a Mitutoyo 

Formtracer CS-500 instrument, and the effects of 

cutting depth and table speed on surface roughness were 

analyzed by Taguchi analysis. The S/N ratios 

determined by Taguchi analysis showed that decreased 

surface roughness could be obtained using high cutting 

depths and table speeds. The optimal surface roughness 

was obtained at a cutting depth of 0.6 mm and table 

speed of 0.0453 m/s. 

 

1. INTRODUCTION 

Grinding is an unsteady manufacturing process 

involving complex characteristics that determine the 

final technological output and quality, which includes 

the micro-geometric quantities of the component. To 

predict component behaviors during use or control the 

grinding process, quantifying surface roughness, one the 

most critical quality constraints for the selection of 

grinding factors in process planning, is necessary [1]. 

The surface quality produced after surface grinding is 

influenced by various parameters, such as wheel 

parameters, including the abrasives used, grain size, 

grade, structure, binder, shape, and dimensions; 

workpiece parameters, such as fracture mode, 

mechanical properties, and chemical composition; 

process parameters, including wheel speed, cutting 

depth, table speed, and dressing condition; and machine 

parameters, including static and dynamic characteristics, 

spindle system, and table system [2,3]. During grinding, 

the surface roughness of a grinded material is reduced 

as the cutting speed and cutting depth are increased 

[4,5]. 

Metal matrix composites (MMCs) are composite 

materials widely used in the aerospace, automotive, 

electronics, and medical industries. These materials 

possess outstanding properties, such as high strength, 

low weight, high modulus, low ductility, high wear 

resistance, high thermal conductivity, and low thermal 

expansion. These desirable properties are mainly 

manipulated by the matrix, the reinforcing elements, 

and their interface [6]. MMCs exhibit poor 

machinability because they usually include hard and 

abrasive reinforcements [7]. These materials are usually 

applied in bearings, automobile pistons, cylinder liners, 

piston rings, connecting rods, sliding electrical contacts, 

turbo charger impellers, and space structures. The most 

popular reinforcements are silicon carbide and alumina. 

Aluminum, titanium, and magnesium alloys are 

commonly used as the matrix phase [6]. MMCs possess 

the combined properties of metals and ceramics [7,8]. 

The structure and properties of MMCs are affected by 

the type and properties of the matrix, the reinforcement 

material, and their interface [9]. Thus, these materials 

have been increasingly used to replace conventional 

materials in numerous applications [8].  
 
2. METHODOLOGY 

A 5% aluminum nitride (AlN)-reinforced Al-Si 

alloy (AlSi) matrix composite was fabricated using the 

stir-casting method. Here, Al-Si alloy ingots, which 

made up the matrix material, were reinforced with AlN 

particles at 5 wt% reinforcement. Two grinding process 

parameters, i.e., cutting depth and table speed, were 

studied during the grinding of the AlSi/5%AlN MMC 

samples. 

 

3. RESULTS AND DISCUSSION 

Table 2 provides an analysis of surface roughness 

based on the Taguchi method and S/N ratio. These ratios 

were generated according to Taguchi’s smaller-is-better 

characteristic. 

This study was conducted to determine the 

conditions yielding optimal surface roughness when 

AlSi/5%AlN is grinded at three levels of cutting depths 

and table speeds. Process optimization can be analyzed 

through S/N ratio. Figure 1 shows the mean S/N ratio 

for the smaller-is-better characteristic of surface 

roughness obtained using Minitab 17. The slopes of the 

graphs clearly show that cutting depth is the most 

significant factor affecting surface roughness. 

According to Figure 1, the optimal parameters for 

surface roughness are a cutting depth of 0.6 mm and 

table speed 0.0453 m/s. Table 2 reveals that the highest 

S/N ratio can be obtained for these optimal parameters. 
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Figure 1 (a) S/N ratio and (b) means effects of surface 

grinding process. 

 

Table 1 Grinding process parameters and levels. 

Parameters 
Levels 

Low Medium High 

Depth of cut (mm) 0.2 0.4 0.6 

Table Speed (m/s) 0.0098 0.0214 0.0453 

 

Table 2 The Taguchi L9 orthogonal array. 

Test 

No 

Depth 

of Cut 

Table 

Speed 

Surface Roughness S/N 

ratio  r1 r2 r3 ra 

1 0.2 0.0098 0.91 0.67 0.65 0.743 2.576 

2 0.2 0.0214 0.71 0.68 0.63 0.673 3.435 

3 0.2 0.0453 0.64 0.66 0.73 0.677 3.393 

4 0.4 0.0098 0.63 0.73 0.65 0.670 3.479 

5 0.4 0.0214 0.50 0.55 0.52 0.523 5.624 

6 0.4 0.0453 0.59 0.54 0.37 0.500 6.021 

7 0.6 0.0098 0.58 0.57 0.53 0.560 5.036 

8 0.6 0.0214 0.44 0.63 0.51 0.527 5.569 

9 0.6 0.0453 0.47 0.36 0.38 0.403 7.887 

 

 

 

 

 

 

 

 

 

 

 

4. CONCLUSION 

The Taguchi method was applied to the machining 

parameters of the grinding process, and machining of 

AlSi/5%AlN MMC was conducted and optimized using 

an L9 orthogonal experimental array. The optimum 

machining parameters were a cutting depth of 0.6 mm 

and table speed 0.0453 m/s. The surface finish of a 

grinded material is reduced with increasing table speeds 

and cutting depths. The optimal parameters determined 

in this work will facilitate the implementation of 

competitive machining operations from the economic 

and manufacturing perspectives in the automotive 

industry. 
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