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  Abstract 

 
 

 

Aluminum Metal Matrix composites is a moderately alluring material 

for vehicle, aviation and other designing application because of its 

mechanical and tribological properties. To enhance wear protection 

and mechanical properties has prompted outline and choice of fresher 

variations of the composite. The present examination manage the 

investigation of wear conduct of Al6062-SiC-flyash MMCs for 

shifting fortification substance, connected load, sliding rate, and 

separation. Aluminum MMCs fortified with three diverse level of 

support 3, 6, 9% wt. SiC and 0.5, 0.75, 1.00% wt. flyash arranged by 

mix throwing strategy. Wear test was performed by utilizing "stick on 

circle" mechanical assembly. An arrangement of analysis in view of 

L27 Taguchi orthogonal cluster is utilized to obtain the wear 

information. An examination of fluctuation is utilized to explore the 

impact of four controlling p sliding separation on dry sliding wear of 

the composites. It is watched that SiC content, sliding velocity and 

typical load essentially influence the dry sliding wear. The ideal 

combina least wear. The microstructure investigation of worn surface 

demonstrates nature of wear to be for the most part grating. 

Keywords:  

Metal matrix composites;  

Al-SiC-flyash alloy;  

Stir casting; 

Wear;  

Optimization;  

SEM 

 

 

Author correspondence: 

M.PRADEEP KUMAR1 

Assistant Professor,  

Department of Mechanical Engineering,  

Lendi Institute of Engineering and Technology,  

Vizianagaram, AP, India, 

 

V.KRISHNA KANTH2 
Assistant Professor,  

Department of Mechanical Engineering,  

Raghu Institute of Technology, Visakhapatam, AP, India, 

 

N.GOVINDU3 

http://www.ijesm.co.in/
http://www.ijesm.co.in/


 ISSN: 2320-0294Impact Factor: 6.765  

519 International Journal of Engineering, Science and Mathematics 

http://www.ijesm.co.in, Email: ijesmj@gmail.com 

 

Assistant Professor,  

Department of Mechanical Engineering,  

BABA Institute of Technology and Sciences,Visakhapatam,  

AP, India, 

 

T.RAVI TEJA4
 

Assistant Professor,  

Department of Mechanical Engineering,  

BABA Institute of Technology and Sciences,Visakhapatam,  

AP, India, 

 

B.KUMAR SRINIVAS RAO5 

 

Assistant Professor,  

Department of Mechanical Engineering,  

BABA Institute of Technology and Sciences,Visakhapatam,  

AP, India, 

 

 

Introduction 
 

Metal Matrix Composites (MMCs) have emerged as a class of material capable of advanced properties, 

aerospace automotive, electronic, thermal management and wear application. The MMCs have many 

advantages over the conventional metal including higher specific modules, higher strength to weight ratio, 

better properties at elevated temperature, and lower coefficients of thermal expansion and better wear 

resistance. Aluminium composites are widely employed in the aerospace industry, automotive application and 

structural application. In the present study Al6062 composites were prepared by stir casting method reinforced 

with different weight % of SiC (3, 6 and 9% wt.) and flyash (0.5, 0.75 and 1.00% wt) as a reinforcement 

material. 
 

Wear behavior of Al-Mg-Cu alloy reinforced with SiC particle were studied by Hassan [1] the comparative 

study of alloy and alloy reinforced with SiC suggested that wear resistance property of the alloy increased 

considerably with addition of SiC particle. Another similar study of wear behavior was performed by Kwok 

and Lim [2]. The composites were prepared by three different powder metallurgy techniques using different 

matrix metal, reinforcement weight fraction and reinforcement particle size [2]. In this work the wear studies 

were conducted at varying reinforcement, load, speed and distance. The wear rates are found to decrease with 

increasing reinforcement wt. %. 
 

Taguchi Method 
 
Taguchi strategy is one of the essential devices in light of performing assessment or investigations to test the 

affectability of an arrangement of reaction factors (autonomous or factors) by considering tests in "orthogonal 

exhibit" with the intend to accomplish the ideal setting of the control parameters. Orthogonal clusters give a 

best arrangement of very much adjusted (least) tests. Exhibit shows the quantity of line and segments it has, 

and furthermore the quantity of level in each of the sections. The quantity of line of an orthogonal exhibit 

speaks to the essential number of analyses. There are five fundamental stage, connected in Taguchi tests outline 

system. Stage 1-Experiment arranging, Phase 2-Design Experiment, Phase 3-Conducting Experiments, Phase 

4-Analyzing Results, and Phase 5-Confirming Prediction Results. 

 

The Taguchi technique utilizes a factual measure of performing called S/N proportion, which is logarithmic 

capacity of wanted yield to fill in as target work for enhancement, help in information examination and the 

forecast of the ideal outcomes. There are three sorts of flag to-clamor proportion of regular enthusiasm for 

enhancement of Static Problem; Smaller-the-better, Larger-the-better, ostensible the-best. They figure for 

motion to-clamor proportion are outlined so an experimenter can simply choose the biggest factor level 

setting to advance the quality normal for an examination. For the minimization of wear Larger-the-Better 

should have been utilized [3]. 

http://www.ijesm.co.in/
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Procedure 
 
Processing of composites 
 

For Al-SiC-flyash compound arrangement economically unadulterated Al6062 (99.99%), SiC (99.95%), 

Flyash (99.95%) and Mg (99.99%) have utilized. The explanation behind utilizing these high immaculateness 

metals was to limit the measure of contaminations. The particular gravity of Al is 2.7 g/cc and softening purpose 

of Al 660°C. In this examination, pit heater has used to soften the composite. Aluminum was first softened. 

After it had been liquefied totally, preheated SiC in 750°C (20 min.) and flyash were added to Aluminum 

(Figure 1). The weight percent of SiC and flyash were 3,6 and 9%. The readiness of this Metal grid composites 

isn't a simple errand. As there is sharp particular gravity distinction between the SiC particles and the Al 

amalgam there emerge an incredible likelihood of skimming up of Sic particles amid blending. The SiC 

particles expansion was made somewhat before the liquefy persuades sufficiently thick to be strong. The ideal 

opportunity for each of the expansion was around 4-6 minutes. After the expansion of particles the soften was 

mixed for quite a while for the correct conveyance of particles inside the grid. In this procedure the liquid metal 

was mixed to make a vortex to which SiC particles were included. It was then instantly filled two metal shape 

made of gentle steel (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Stir Casting Furnace. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Specimen after casting. 

 
 

Characterization by optical microscope 
 
The miniaturized scale basic portrayal was performed by an optical magnifying lens. The specimen was set 

up by cleaning with emery paper. From that point forward, it was additionally cleaned in a fine review wheel 

polisher. A short time later, when the surface progressed toward becoming scratch free, it was cleaned with 

CH3)2CO and examined under optical magnifying lens. 

 

Rockwell B hardness test 
 

In this investigation, we have measured Rockwell B hardness for the Al6062-SiC-flyash compound and the 

greater part of the three composites with extraordinary care to limit mistakes. 
 

Design of experiment 
 

Plan of Experiments" (DOE) alludes to test techniques used to evaluate uncertain estimations of 

components and communications between factors factually through recognition of constrained changes made 
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systematically as coordinated by scientifically efficient tables. Numerous tribological procedure parameters 

can influence the wear conduct of Al-SiC-flyash composites. For current investigation of wear conduct of 

Al6062-SiC-flyash, the control parameters picked are weight % of support (wt), connected load (L), sliding 

pace (S), and sliding separation (D). Table 1 demonstrates the outline factors with their levels. Three levels for 

every parameter are considered. 

In light of Taguchi strategy, an Orthogonal Array (OA) is considered to lessen the quantity of investigations 

required to decide the optical wear for Al6062-SiC-flyash Metal network composites [4]. For this trial reason 

L27 cluster is picked. The L27 OA has 27 columns comparing to the quantity of tests. 

 

 

Design Factor  Units Level1 Level 2  Level 3 

Reinforcement  

(R)  (gram) 3 6  9 

       

Load (L)  (N) 10 20  30 

       

Speed (S)  (m/s) 1.5 2.5  3.5 

       

Distance (D)  (m) 500 1000  1500 

       

 

Table 1: Design factors with levels. 
 

 

Figure 3: PIN ON DISK apparatus using wear tests. 

 

Wear Test 
 

The Wear test was performed in a unidirectional pin-on-disk apparatus (Figure 3). It used to measure the 

wear behavior of Al-SiC-flyash under dry non lubricated condition. 
 
Tests (sizes 10 mm width, 20 mm tallness) are squeezed against turning steel roller (distance across 80mm, 

thickness). The setup is put such that the pivoting roller fills in as the counter face material and stationary plate 

fills in as the test example. A 3:2:1 proportion stacking lever is utilized to apply typical load on top example. 

The stacking lever is turned close to the ordinary load sensor and conveys a stabilizer toward one side while at 

the opposite end a stacking container is suspended for putting the dead weight. The wear rate is measured as 

far as removal with the assistance of straight voltage protection transducer. 
 

The wear removal sensor permits getting immediate estimation of the stacking lever's diversion, which 

compares to the wear of the example plate in addition to the wear of the counter face. It might be noted here 

that wear conduct is ordinarily communicated as weight reduction while in the present test set up, wear is 

measured as far as removal comes about for wear are contrasted and weight reduction and it indicates 

practically straight relationship for the scope of test parameters considered in the present examination. The 

destroy tests are conveyed according to L27 OA [5]. 

http://www.ijesm.co.in/
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Microstructure Study 
 
After wear tests Scanning Electron Microscopy (SEM) is done to contemplate the wear tracks of the examples. 

The microstructure consider is directed to know the idea of wear utilizing a checking Electron Microscope in 

Figure 4a-4c and before wear test SEM is done Figure 4d-4f. 
 

Result and Discussion 
 

The point of this venture is to accomplish the base wear rate for Al-SiC-flyash Alloy metal grid composite 

utilizing Taguchi technique. The examination is completed utilizing four control parameters weight % of 

fortification, connected load, sliding velocity and Sliding separation. Wear profundity is taken as framework 

reaction parameter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Experimental result for wear with S/N ratio. 

SL. 

No 

R 

Wt 

% 

L 

(N) 

S. D 

(m) 

S. S 

m/s 

Wear 

(gram) 
S/N ratio 

1 3 10 500 1.5 0.006 -25.637 

2 3 10 1000 2.5 0.137 -18.4656 

3 3 10 1500 3.5 0.343 -10.4941 

4 3 20 500 2.5 0.122 -19.4728 

5 3 20 1000 3.5 0.2014 -15.1188 

6 3 20 1500 1.5 0.171 -16.5401 

7 3 30 500 3.5 0.0891 -22.2024 

8 3 30 1000 1.5 0.332 -10.7772 

9 3 30 1500 2.5 0.392 -9.3343 

10 6 10 500 1.5 0.002 -55.1794 

11 6 10 1000 2.5 0.07 -24.298 

12 6 10 1500 3.5 0.305 -11.514 

13 6 20 500 2.5 0.127 -19.1239 

14 6 20 1000 3.5 0.22 -14.3515 

15 6 20 1500 1.5 0.016 -37.1176 

16 6 30 500 3.5 0.168 -16.6938 

17 6 30 1000 1.5 0.084 -22.7144 

18 6 30 1500 2.5 0.339 -10.596 

19 9 10 500 1.5 0.006 -45.637 

20 9 10 1000 2.5 0.00937 -41.7652 

21 9 10 1500 3.5 0.016 -37.1176 

22 9 20 500 2.5 0.0108 -40.5315 

23 9 20 1000 3.5 0.0397 -29.2242 

24 9 20 1500 1.5 0.028 -32.2568 

25 9 30 500 3.5 0.0644 -25.0223 

26 9 30 1000 1.5 0.0536 -26.6167 

27 9 30 1500 2.5 0.137 -18.4656 
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Figure 4: SEM Micrograph of warm surface of different samples 

 

 

Wear test results and Taguchi analysis  
The wear rates of SiC and flyash fortified Al6062-SiC-flyash metal lattice composites under different test. The 

contrast between the heaviness of the composites prior and then afterward the wear test is the wear misfortune 

or the mass loss of the example because of strong particles affect. 

 

The test perception is then changed into motion to-commotion (S/N) proportions, in the Table 2, the segment 

speak to S/N proportion of the wear rate. The S/N proportion for least wear rate going under bigger is-better 

trademark can be figured as logarithmic change of the misfortune work as: 

 
S/N = - 10log (∑Y2/N) 

 
Table 2 demonstrates the exploratory outcomes for wear tests and the relating S/N proportion for each trial. 
The test configuration being orthogonal, it is conceivable to isolate out the impact of each control factor at 
various levels. The mean S/N proportion for each level of the controlling elements is appeared. Furthermore, 
the aggregate mean S/N proportion for the 27 tests is in Table 2 [6]. 
 

Wear mechanism 
 
Microstructure investigation of the destroy tracks are conveyed to dissect the wear system that the composites 
experience amid tribological testing. Figure 4a-4c demonstrates wear tracks of tests having three distinctive 
volume part of fortification, Al-3%SiC, Al-6%SiC and Al-9%SiC. From the SEM micrographs, it can be 
watched that the warm surface for the most part comprises of longitudinal depressions and halfway 
unpredictable pits.  
 
The nearness of furrows demonstrates smaller scale cutting and miniaturized scale furrowing impact. Therefore 
wear component is observed to be ruled by grating wear. Additionally nearness of pits and fronts can be seen 
in the small scale diagrams, subsequently event of glue wear is likewise unmistakable. In this way, from general 
microstructure think about it can be finished up [7-10]. 
 
That for the most part rough wear has occurred with a few hints of glue wear. In the present examination the 
impact of four process parameters weight portion, connected load, sliding rate and separation on the wear 
conduct of Al-SiC-flyash particulate composite is contemplated. Aside from these, different components like 
warmth treatment, temperature change and molecule size of support are accepted steady amid this exploratory 
examination. 

All the calculations are performed using MINITAB [4]. Figure 5 shows graphically the effect of the four 

control factors on the wear rate. Tables 2 and 3 show the R=Reinforcement, L=Load, S.D=Sliding distance, 

S.S=Sliding Speed. 
 

Level 
R 

Wt. % 

L 

(N) 

S.D 

(m) 

S.S 

(m/s) 

1 0.20528 0.10537 0.12745 0.08362 

2 0.14789 0.10399 0.19411 0.14935 

3 0.04054 0.18434 0.07214 0.16073 

Delta 0.16474 0.08036 0.12197 0.07711 

Rank 1 3 2 4 

 
Table 3: Response table for Mean wear. 
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Figure 5: Main effect plot for S/N ratio. 

 

Conclusion 
 
Wear conduct of Al6062-SiC-flyash metal lattice composite is contemplated for shifting support content, 

connected load, sliding rate and separation utilizing Taguchi orthogonal cluster outline. It is watched that 

parameter wt, i.e. weight % of fortification is the most huge parameter affecting the wear conduct while 

parameters L (connected load) and S (sliding velocity) are likewise huge inside the particular test go. Sliding 

separation has littlest impact on wear property of the composite. From the Taguchi investigation the ideal mix 

of process parameter for least wear is found on the level, largest amount of weight % of support alongside the 

most minimal levels of connected load, sliding pace and sliding separation. From the present examination it is 

uncovered that an appropriate control of process parameters can bring about enhanced outline of the Al6062-

SiC-flyash composite for tribological applications. From the microstructure investigation of worn surfaces, it 

is watched that for the most part grating wear system has happened on the wear tracks with a few hints of 

cement wear instrument. 
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