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Abstract: Optimization of process parameters is the key step in the Taguchi Method to achieve high 
quality without increasing cost. The Taguchi method uses the orthogonal arrays to maximize the effect 
of controllable parameters and to minimize the effect of uncontrollable process parameters. In this 
study, AlMgSi alloy and matrix reinforced with 5-10 % wt.% SiC particles were perapered by powder 
metallurgy(PM) method. The wear tests were performed under loads of 10, 20 and 30 N, the rotation 
speed of 90 rpm, the wear distance of 250, 500 and 1000 m by block on ring test apparatus and the 
wear losses were calculated. Microstructure examinations at wear surface were investigated by optical 
microscopy and EDS. Specimens were tested for optical microscopy, EDS and metallographic 
evaluations.  Wear behavior of the composite was investigated to find out effects of operating variables 
and hardness in terms of the Taguchi approach. The orthogonal array, signal-to-noise (S/N)  ratio and 
analysis of variances were employed to find out the optimal testing parameters.  
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INTRODUCTION 

 
 Aluminum-based, particulate-reinforced metal matrix composites (MMCs) are of concerns for structural 
carrying outs where weight saving is of primary concern. Composites are used not only for their structural 
properties, such as high shear, tensile strength, modulus of elasticity but also for electrical, thermal, tribological, 
and environmental applications. Researchers are putting much emphasis on the manufacturing, shaping, bonding 
problems to widespread the use of composites in common industry markets. The process is depended on a 
number of parameters in particular, the road of wear, feasible loads, lost mass, rotate speed and surface 
roughness. (Taskin et al., 2008; Kolukisa et al., 2003; Meyveci et al., 2010). 
 Metal matrix composities (MMCs) have excellent combinisation of mechanical and physicial properties 
such as high stiffness, strength and hardness in addition to lightweight and high abrasion resistance, as 
compared to the main alloy (Şahin, 2007; Yılmaz, 2001; Şahin, 2005; Liu et al., 2002).  Metal matrix composite 
materials show advantages in a great number of specific applications (aircraft, machines, automotive) due to 
their high specific strenghtand stiffness, wear resistance and dimensional stability. (Basavarajappa et al., 2007). 
 In the Taguchi method, the loss function is used in calculating the stud between experimental values and 
desired values. By determining this loss function, it is provided to convert the experiment results to signal/ noise 
ratio (Enemuoh et al., 2001; Darwin et al., 2008). The S/N ratio provides to precisely measure the quality 
characteristics of the processing in different levels of processes of both controllable and uncontrollable factors. 
In other words, it makes it possible to minimize the negative effects of uncontrollable factors on processing. In 
general, they can be expressed as the most widely used quality characteristics (Lin and Wang, 2003). By 
determining the S/N ratios; it is possible to provide the optimum parameters of each parameter. The level having 
the highest S/N ratio means that it is the optimum level of that parameter. In addition to this, the S/N ratios play 
a great role in performing the variance analysis of the conducted experimental studies as well. While doing the 
variance analyses, the S/N ratio is used in calculating sum of squares, mean squares, and f value and % 
distribution. 

The smallest, the best:                 (1) 

The biggest, best:                 (2) 

Nominal best:                  (3) 

The variance analysis makes it possible to obtain the effects of factors used in the method and the 
errors occurred in experimental studies (Lin and Wang, 2003). The Taguchi experimental design method has 
been frequently used in performing the machining studies recently.  
 Basavarajappa et al., (2007) produced SiC and graphite-reinforced Al composite and measured the adhesive 
wear resistance of the produced composite. While performing this process, they used L27 orthogonal array and 
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evaluated the factors affecting the wear parameters experimentally and theoretically according to the process 
parameters. They observed that SiC and graphite reinforcement increases the wear resistance. Şahin, Y. (2005),  
produced 10 % and 20 % SiC reinforced 2024 Al-SiC composite with powder metallurgy method and while 
evaluating the adhesive wear resistance of the composite material, he used the Taguchi design and investigated 
the factors affecting the wear resistance of the composite experimentally and theoretically according to L16 
orthogonal array. Şahin, Y. (2010), produced 15% SiC reinforced 2014 Al-SiC composite with the powder 
metallurgy method and while evaluating the adhesive wear resistance of the composite material, he used the 
Taguchi design and investigated the factors affecting the wear resistance of the composite experimentally and 
theoretically according to L9 orthogonal array. Şahin, Y. (2005), produced 50 and 100 µm size by 10 %  SiC 
reinforced 2014 Al-SiC composite with powder metallurgy method and while evaluating the adhesive wear 
resistance of the composite material, he used the Taguchi design and investigated the factors affecting the wear 
resistance of the composite experimentally and theoretically according to L16 orthogonal array. Fernandez J.E. et 
al., (2003), described a multi-factor based on experiments that has been applied to investigating an abrasive 
wear system of Ni-based alloy coatings with and without WC reinforcement. They reported that abrasive grain 
size exerted the greatest effect on abrasive wear followed by reinforcement. The applied load and the 
environment were similarly found to have minor effect. The addition of WC reinforcement particles improved 
wear resistance of NiCrBSi alloy coating. Increasing abrasive grain size led to obviously greater wear, 
especially for NiCrBSi without WC. Wear loss was increased with applied load, but showed unclear tendencies 
as regards the influence of environments. 
 In this study, while we were investigating the wear behavior of the AlMgSi alloy with matrix reinforced 
with 5-10 % wt. % SiC particles were perapered by powder metallurgy (PM) method. The wear tests were 
performed under loads of 10, 20 and 30 N, the rotation speed of 90 rpm, the wear distance of 250, 500 and 1000 
m by block on ring test apparatus and the wear losses were calculated, the Taguchi design was used and the 
factors affecting the wear resistance of the AlMgSi/SiC composite were optimized with the lowest-the best 
control characteristic experimentally and theoretically according to L9 (3*3) level orthogonal array, and the 
results were analyzed with graphical methods. 
 

MATERIALS AND MEHTODS  
 
Fabrication Of Al-SiCp MMCs: 
 SiC particulate Al alloy MMCs specimens to be produced by hot pressing method were fabricated by 
powder metallurgy process. 1 % Mg, 3 % Si powders were mixed with 99 % Al.  SiC particles with a 42 μm 
mean diameter were added to the matrix at 5-10 (wt) % fractions is given Table 1.  
 
Table 1: Mixture Rations And Density Of Specimens 

Samples % Al %Mg %Si %SiC Density (gr/cm3) 

S 1 96 1 3 - 2.61 

S 2 91 1 3 5 2.69 

S 3 86 1 3 10 2.72 

 
 Powders were properly mixed with mechanic mixers for homogeneity of the formation of apparatus is given 
Figure 1. 
 

 
 
Fig. 1: Powder Mixture Machine. 
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 The mixture was cold compacted at 400 MPa in the 12x60 mm steel dies. This is followed by sintering at 
600ºC in argon atmosphere for 30 minutes. Finally the specimens were hot compacted and extruded at 200 MPa 
pressure.  
 
Adhesive Wear Resistance Of Al-SiCp MMC Couples: 
 Work pieces were prepared for adhesive wearing and surfaces to be weared were protected against 
corrosion and oxidation. Al alloy MMC specimens with 5-10 (wt) % SiC fractions were produced and wearing 
at adhesive wear apparatus. Schematic illustration of adhesive wear apparatus is given in Figure 2.  
 

 
 
Fig. 2: The İllustration Of Abrasive Wear Aparatures. 
 
 The wear tests were performed in loads of 10, 20 and 30 N, the rotation speed of 90 rpm, the wear distance 
of 250, 500 and 1000 m by block on ring test apparatus and the wear losses were calculated. Tool steel with a 
hardness of 380 HV were employed as a wearing agent. Mass loses were measured by a SCALTEC X.105 
electronic balance with a accuracy.  

 
Microstructure Examinations and Adhesive Wear Tests: 
 After the wearing process, specimens were weighted for lost mass. Grinding of the surface were followed 
by etching with Keller etchant. Metallographic evaluations and investigations were made by the aid of optical 
microscopy and EDS. Wear tests were performed under various parameters given inrelated sections. Results of 
wear and structural data of specimens were evaluated accordingly. Optical micrograph of composite specimens 
namely S1, S2, S3 were presented in (a- AlMgSi, b- AlMgSi+ 5% wt. SiC, c- AlMgSi+10% wt. SiC) Figure 3. 
 

     
 
Fig. 3: Optical Micrograph of AlMgSi/SiC Composite. 

(a- AlMgSi, b- AlMgSi+ 5% wt. SiC, c- AlMgSi+10% wt. SiC). 
 

 Structural distribution of Al-Si-Mg and EDS results of sample S2 were presented in Figure 4. In general, 
SiCP reinforcing particles were homogenously distributed in the matrix. 
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Experimental Design by Taguchi Desing Method: 
 In surface weared process, three separate control factors such as additional SiC samples, applied load, and 
applied distance were used. While three different levels were selected in the three factor. The parameters used in 
this study and their levels are given in Table 2. 
 Because the levels in the ABC parameters used in planning of the experimental studies were not equal, the 
level orthogonal L9 array was used. The L9 orthogonal level array is given in Table 3.   

 

 
 
Fig. 4: EDS Analysis of Specimen Adhesive Weared  At AlMgSi+ 5% wt. SiC. 
 
Table 2: Control Factors and Their Levels. 

Symbol Testing parameter Level I Level II Level III 

A Sample (AlMgSi/SiC) S 1 S 2 S 3 

B Applied load (N) 10 20 30 

C Sliding distance (mt) 250 500 1000 

 
Table 3: Experimental layout using an L9 orthogonal level  array. 

Exp. No 
Parameter level 

A B C 
1 S1 10 250 

2 S1 20 500 

3 S1 30 1000 

4 S2 10 500 

5 S2 20 1000 

6 S2 30 250 

7 S3 10 1000 

8 S3 20 250 

9 S3 30 500 

 
RESULTS AND DISCUSSION 

 
 The experimental studies in Table 4 were conducted according to the L9 orthogonal mixed level array. The 
wear mass losses obtained as a result of the wear experiments and the S/N ratios are given in the table. 
According to this value, the S/N ratios according to factor levels are given in Table 5. The mean of the S/N 
ratios in the process was calculated as 49,54 dB.  
 
Table 4. Experimental lay out and result with calculated S/N ratios for weight loss of AlMgSi/SiC composities. 

Exp. No Control factors Measured weight loss (gr) S/N ratio 
A B C 

1 S1 10 250 0,0004 67,95880017 
2 S1 20 500 0,002 53,97940009 
3 S1 30 1000 0,0068 43,34982175 
4 S2 10 500 0,00094 60,53744293 
5 S2 20 1000 0,0059 44,58295977 
6 S2 30 250 0,00043 67,33063089 
7 S3 10 1000 0,0056 45,03623946 
8 S3 20 250 0,00045 66,93574972 
9 S3 30 500 0,0076 42,38372815 
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 The adhesive wear resistance of the samples, the applied load and sliding distance selected as the control 
factor and their effects on the S/N ratios are seen in Table 4 and 5. The levels that have the highest value of the 
S/N ratio in Table 5 are the best factor levels.  

 
Table 5. Mean S/N ratio for varios sizes of AlMgSi/SiC composities 

Symbol 
Mean S/N ratio 

Level I Level II Level III 

A 55,10 57,48 51,45 

B 57,84 55,17 51,02 

C 67,41 52,30 44,32 

  
 The diagram created according to the values obtained by calculating the mass losses of the specimens 
ground with tool steel with a hardness of 380 HV were employed as a wearing agent is seen in Figure 5. While 
the wear related to the level tends to increase in the factor C, an increase and decrease is observed in the levels 
of the factors B and C. The graph of the S/N values and mass loss graph obtained with the Taguchi design is 
given in Figure 5. 

 

 
 
Fig. 5: S/N Ratio and Wear Loss Graph After Sorting Level of Parameters. 
 
 The wear rate of the factors such as samples, applied load and sliding distance selected as the control factor, 
and their effects on the S/N ratios are seen in Figure 5. The levels that have the highest value of the S/N ratio in 
Figure 5 are the best factor levels. The optimum A1B2C1 equation obtained by the S/N ratios is explained. The 
first level of the samples and sliding distance gives the best results. While the mass loss was calculated, it was 
observed that the first levels of the samples and sliding distance give the best result, whereas the two level of the 
applied load gives the best value. 
 In the variance analyses conducted on adhesive wear behavior, the effects of the factors on surface 
roughness were calculated numerically. The results of the variance analysis are given in Table 6. 
 
Table 6. Result of alalysis varience for weight loss of AlMgSi/SiC composities. 

Symbol Df SS Variance F pa (%) 

A 2 55,36272 27,68136 1,235754 1,060552 

B 2 70,90057 35,45028 1,582575 2,620746 

C 2 824,8283 412,4142 18,41103b 78,32448 

Error 2 44,80076 22,40038 0 17,99422 
Total 8 995,8924   100 

Df ; degree of freedom, ss;sum of squares 
aPercentage of contribution 
b 90 % confidence level 
 
 In addition, the effects of control factors on the wear resistance in percentage and the error percentage are 
shown graphically in Figure 6.  When the graphic is investigated, it is seen that all factors are effective on the 
result. As seen in the graph, the sliding distance has the biggest effect with 78 % ratio. 
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Fig. 6: The Effect of Parameters by Percentage (%). 
 
 When the graphs of the S / N ratio are investigated, it is seen that the optimum levels are in A2B1C1. The 
equation no 4 was used to obtain the optimum S/N ratio in these levels.  
 ηopt shows the optimum S/N ratio, ηm shows the mean of the mean S/N ratios, and ηi shows the S/N ratio of 
the ideal level of each parameter. The optimum S/N ratio was found to be 73,38183833  dB in calculations. 

 
                (4) 

 
 By using the optimum S/N ratio obtained from this equation in the equation no 5 according to the smallest 
and the best quality characteristic, the optimum mean wear rate was calculated. 
 

       
             (5) 
 

 
 Wearopt in the equation no 5 represents the optimum mean wear rate. The optimum mean wear rate was 
calculated as 0,000214244 gr.  
 
Conclusıons: 
 In this study, the produced AlMgSi/SiC composite materials. The effect of the AlMgSi/SiC composite on 
adhesive wear resistance under three different loads and sliding distances and the effect of AlMgSi/SiC 
composite adhesive wear resistance were investigated by using Taguchi method. The effects of parameter levels 
on mean lowest wear value were analyzed by using Variance analysis (ANOVA). The results of this study are 
summarized as following.The lowest wear losses occurred in the parameter A two level and parameter B-C first 
levels of load and wear distance values applied as a result of the conducted experimental studies. It was 
determined with the Taguchi method that the increase in SiC ratio increased the wear resistance of the 
AlMgSi/SiC composities. As a result of the variance analysis results, it was determined as % that all parameters 
have a certain effect on the wear resistance. It was determined that the optimum wear resistance value was 
obtained by using A2B1C1 parameter levels in the optimization process conducted with Taguchi method. 
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