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Abstract 

Because of its tribological and mechanical qualities, aluminium composites made of 

metal matrix have established several applications in car aviation and other design 

applications. Choosing and organising newer versions of the combined was inspired by the 

desire to improve wear resistance and mechanical qualities. In the present research, wear 

patterns of Al-Sic -cu MMCs is investigated for various supporting materials, applied weight, 

and slipping force. Aluminium MMCs constructed using a mix projecting approach and three 

distinct rates of support (5, 10, 15% wt. Sic), and 3% wt. Cu. Use of the "nail to circle" 

device was used to conduct a wear test. To safeguard the wear information, a test setup based 

on the L9 Taguchi symmetrical show is used. The effect of three regulating boundaries—sic 

content, Normal burden, and sliding speed on the composites' dry sliding wear is investigated 

using an analysis of change. According to observations, the sic content, sliding speed, and 

typical burden all have an impact wear on the dry sliding. For least wear, the best 

combination of three governing boundaries is also acquired. 

Keyword: Al-Sic-cu, stir projecting, metal grid composites, wear, and optimization. 

1. Introduction 

In contrast to a material that naturally grows, a composite is a substance comprised of 

at least two synthetic materials. The constituent phases of a composite material should also 

include artificially unique characteristics that are separated by a suitable interface. Although 

many metallic amalgams and a variety of pottery have different stages, they do not match this 

classification because they arise as a result of everyday miracles. There are only two stages 
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involved in the different composite materials; one is called the network and consistently 

encloses the other component, which is called the scattered stage. The characteristics of the 

composite are characterised by the characteristics of the segment phases (i.e., volume 

division, shape and size of particles, appropriation, and orientation). Composites can vary 

depending on the type and level of support used to create the final product. 

Surayanarayana[1] MMCs were proposed as a possible exchange for aluminium, and it is 

clear that the precise arrangement of features depends on certain factors. As a result, the 

current writing is used to audit these factors, including reactivity at the interface, volume 

portion of the supporting material, type of the building up material, and conveyance of the 

building up material. The research recommends using Al-Sic MMC in the fuselage skins of 

high-end aeroplanes based on the data available. However, it should be noted that each effort 

has been taken to be as consistent as reasonably possible, even though the ideas are just based 

on the material available and the creator's translation of it. Venkatesh. D[2] To combine the 

beneficial features of several materials, compound work pieces are made. Modern 

construction uses a variety of composite materials. Weight loss in fast-moving automotive 

motor components like the crankshaft is associated with a reduction in weight and a reduction 

in wear. This survey report discussed current composite innovation and execution practises, 

and we also looked at MMC, a mixture of material and non-metal that degraded in terms of 

mechanical attributes and the manufacturing process. Ricardo Casati and Maurizio 

Vedani[3] We deduced from Ricardo's diaries that composites made of metal matrix 

supported by nanoparticles promising materials appropriate for a wide range of requests. 

Such composites have an iron lattice structure that is loaded with nanoparticles that high light 

totally different from those of the grid in terms of both physical and mechanical 

characteristics. The basic material's resistance to wear, damping characteristics, and 

mechanical strength can all be improved by the nanoparticles. Composites made of nano-

fired particles such carbides, nitrides, oxides, and carbon nanotubes have been made using a 

variety of metals, primarily Al, Mg, and Cu. In writing, a few elective courses have been 

established for developing nano-composites. The goal of this work is to audit the primary 

assembly techniques used in the assembly of mass metal lattice nano composites. Dinesh 

Kumar[4] What we deduced from the diary Dinesh Kumar distributed is Because of their 

exceptional mechanical qualities, low thickness, low coefficient of thermal expansion, 

improved erosion obstruction and wear as compared to conventional metals and compounds, 

aluminium composites are frequently used in automotive and aviation applications. 
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According to an inventive viewpoint, composites are useful for a variety of applications in 

many various regions due to their inexpensive creation cost and superior mechanical 

qualities. The idea behind designing an aluminium-based metal grid composite by 

incorporating various levels of particles in the mixture. The focus of the current investigation 

is the development of two metal lattice composites based on aluminium 6063. One was 

constructed using silicon carbide and graphite, and the other was supported using a blend of 

silicon carbide and boron carbide. L.Francis Xavier and Suresh[5] What we deduce from 

the diary that L. Francis Xavier and Suresh distributed is Numerous important common assets 

are becoming more prevalent due to population growth and industrialization. Drained to plan 

and fabricate items. However, industrialisation also has problems with rubbish removal, 

which results in the environment and dust degradation. Work, that. An metal matrix 

composite made of aluminium is built up using 10 and 20 weight percent of damp processed 

stone residue elements, a modern waste produced by the preparation of naturally occurring 

mine rocks. In the configuration of composite substances, attire is an significant factor that 

requires consideration in order to ensure the resources dependability in circumstances where 

they interact by the climate and various exteriors. In a dry sliding wear test, completed 

utilizing nail to circle contraption. V.Ramakoteswararao Rao[6] According to the diaries 

published by V. Ramakoteswararao and N. Ramaiah, titanium carbide (Tic) particles (2–

10%) with a typical particulate size of 2 m are used as the built-up material in aluminium 

network composites (AMMCs), which use AA7075 Alloy as the lattice metal. by a mix 

projecting course, were addressed. In order to conduct the wear test, a mechanical pin-on-

plate wear analyser with an EN32 steel circle counter surface (58–60 HRC) and a barrel-

shaped pin as composite examples were used. For the network metal and composites, the 

weight loss rate per unit sliding distance, or wear rate, volume, and erosion coefficient 

misfortune were measured. The results of composite reveal that it is more resistant to wear 

than framework metal. SEM was used to analyse the small principal depiction of the worn 

surface. Test weight decrease was established. Raghavendra.N[7] The journal released by 

Raghavendra N and V.S. Ramamurthy gives us the following understanding that mix 

projecting has been used to make the hybrid metal matrix composite interaction to enhance 

Wear Behaviour more cheaply. One of these is silicon carbide (Sic).the 3% weight part of the 

support and Alumina (Al2O3) as the main support in weight divisions of 3%, 6%, 9%, and 

12%. Al-7075 has been proposed as the material for the grid. The improvement of the 

composite has been achieved with little effort by using the mix projecting cycle. Framework. 
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Electric heater was used to dissolve the network material and treat the warmth. Support in the 

optimal weight division has been added, followed by regular liquefying mixing. The dissolve 

maintained a temperature of 750°C. The temperature of the pouring was noted. Vikas Sahu 

and Sarvesh Kumar[8] What we comprehend by the diary distributed by vikas sahu and 

sarvesh Kumar is the aftereffects of tests did on Aluminium-Silicon Carbide composite by 

taking 15% of silicon carbide utilizing Taguchi Technique. This analysis is led on this 

composite to effectively decide the ideal boundaries for wear expulsion rate and coefficient 

of grinding for 15% of Sic to the heaviness of the composite. In the test right off the bat input 

esteems are distinguished through which wear opposition and coefficient of grating ideal 

worth comes, after ID the qualities are placing in the recipe to locate the hypothetical 

determined and afterward test is being performed and affirmation test has been done to check 

if the hypothetical determined worth are tentatively practical and in the wake of looking at 

given and determined qualities. The point of the trial plan is to locate the significant variables 

and blend of components impacting the attire cycle to accomplish the base rates of wear and 

coefficients of grating. The tests were created dependent on a symmetrical exhibit, with the 

point of relating the impact of sliding rate, applied burden and sliding distance. These plan 

boundaries are particular and inherent component of the interaction that impact and decide 

the composite exhibition. 

The way that Al-Sic-cu MMCs worn is examined in the current work for changing support 

content, applied weight, and sliding speed. A mix projecting method and three different 

support rates (5, 10, 15% wt. Sic), and 3% wt. Cu, were used to create aluminium MMCs. 

The  was put through a wear test utilising the "nail to circle" apparatus. A test 

arrangement based on the L9 Taguchi symmetrical show is utilised to protect the wear data. 

Using an analysis of change, it is determined how three regulatory boundaries—Sic content, 

Normal burden, and sliding speed—affect wear from dry sliding of the composites. The sic 

content, sliding speed, and typical burden have all been found to affect the dry sliding wear. 

Least deterioration. 

2. Experimental Work 

2.1 Materials Selection and Fabrication Methodology 

We can select based on the application prerequisites, potential materials, and real 

standards. The top content. In choosing a material, we follow these steps: First, we choose the 
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requirements for the application. Second, we decide the materials we might employ in the 

application. Third, we determine whatever modifications to the material qualities are 

necessary. In the end, we decide which material, among the available materials, best meets 

the given the possibility of changes to the material's qualities, the application's requirements. 

Cost, accessibility, uses, and substance are all factors that influence the choosing of a 

composite material. Qualities that are depicted below. The second most common metal and 

component in the world, aluminium makes up 8% of the world's surface. Aluminium, after 

steel, is the metal that is used the most frequently due to its flexibility. Bauxite is a mineral 

that is used to make aluminium. Aluminium oxide (Alumina) is produced from bauxite using 

the Bayer interaction. Characteristics of Aluminum presented in Table 1. 

Table 1 Characteristics of Aluminum 

Property Value 

Melting point(0c) 660.32 

Coefficient of thermal expansion (m/m-0c) 24.8x10-6 

Thermal conductivity[w/m
0 

k] 204.2 

Density[g/cm
3
] 2.70 

Elastic modulus [Gpa] 70 

The Poisson ratio 0.35 

 

Silicon Carbide (Sic) in particulate form has been available for quite some time. It is 

very small and is commonly used for grating, recalcitrant, and compound reasons. There are 

two types of sic molecule fortifications: round and rakish morphology. Silicon Carbide 

Formula crystalline silicon, also referred to as carborundum, is a carbon and silicon 

compound that is one of the hardest material. Characteristics Silicon Carbide presented in 

Table 2 

Table 2 Characteristics of Silicon Carbide 

Property Value 

Melting point(0c) 2730 

Coefficient of thermal expansion (m/m-0c) 4.0 x 10-6 
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Thermal conductivity[w/m
0 

k] 120 

Density[g/cm
3
] 3.21 

Elastic modulus [Gpa] 410 

The Poisson ratio 0.14 

 

Copper (Cu) is a chemical element that is extremely ductile, reddish, and part of 

Periodic Group 11 (Ib). In its unbound metallic condition, copper can be found in nature. 

Neolithic (New Stone Age) humanity first utilised this regional copper in place of stone circa 

8000 BCE. When copper was cast in moulds and transformed into metal in Mesopotamia, 

metallurgy was born (c. 4000 BCE). Around 3500 BCE, bronze from ore was purposefully 

alloyed with tin using fire and charcoal. Cyprus supplied the Romans with practically all of 

their copper. The name Cyprium, which meant "metal of Cyprus," was later abbreviated to 

cyprium and distorted into cuprum. The properties Copper presented in Table 3. 

Table 3 Properties of Copper 

Property Value 

Melting point(0c) 1083 

Coefficient of thermal expansion (m/m-0c) 17.6x10-6 

Thermal conductivity[w/m0 k] 386 

Density[g/cm
3
] 8.9 

Elastic modulus [Gpa] 120 

The Poisson ratio 0.33 

 

2.2 Techniques for Fabrication of Metal Matrix Composites -Stir Casting 

Mix Moulding is a fluid state strategy for the production of composite materials in 

which a Mechanical mixing methods are used to blend scattered Phase (earthenware particles, 

short strands) into a liquid network metal. The fluid following that, typical projecting 

procedures are used to cast composite material. And can also be prepared using standard 

Metal framing advancements. The diagram of Stir casting shown in Figure 1. 
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Fig 1. Diagram of a Stir casting system 

It is a fluid state method for creating composite materials that uses a dispersed stage. 

(Ceramic particles, short strands) a liquid lattice metal physically combined with. The least 

difficult and most cost-effective technique for fluid state manufacturing is mix giving a role. 

The fluid composite material is then projecting cast using conventional methods. And can 

also be prepared using conventional Metal framing advancements. The graphite cauldron is 

used to heat the framework material. The pot stands 12 inches tall, has an upper side distance 

across of 8 inches, and a base side measurement of 6 inches.  Pit heaters are heaters that are 

built in a pit and reach the floor level or slightly above. The Stir casting on pit furnace shown 

in Figure 2.Work pieces can be suspended from installations, held in crates, or placed on 

heater bases. Pit heaters are designed to warm long cylinders, shafts, and bars by standing on 

them vertically. This method of stacking results in negligible mutilation. Agitator is prepared 

of gentle carbon steel. The span of the Agitator is 95cm, and in addition to the sign sharp 

edge with crisscross point 900 on each side, the length of each side of the Agitator edge is 

9cm. each. The composition of specimen is listed in Table 4. The prepared specimen shown 

in Figure 3. 
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Figure 2. Stir casting on pit furnace 

Table 4 Specimen composition 

Specimen  Aluminium Silicon Carbide copper 

1 92%  5% 3% 

2 87%  10% 3% 

3 82%  15% 3% 

 

 

Figure 3 Specimen preparation 

The objective of the research was to create a numerical model that could forecast the 

effect of grating wear boundaries concerning weight loss of the trial composites. The Taguchi 

technique accustomed to conduct testing for dry sliding wear. The effect of various 

boundaries investigation was done on the rate of wear. Using the Signal-to-Noise (S/N) 

proportion and Analysis of Variance (ANOVA). The model was coordinated built on 

measurable methodology using the Minitab package. To connect every reaction to the wear 

boundaries, relapse conditions were created. Approval tests were also directed by using the 

boundaries between the low, medium, and undeniable quantities to confirm the sufficiency of 

the created relapse condition. Finally, multi-reaction enhancement was completed to 

streamline grating wear attributes of the composites. 

2.3 Design of Experiment 

In light of this, there were experiments. to assess the influence of various variables on 

the reaction. Techniques for a sign to signal ratios were used to identify the variations. This 

S/N ratio illustrates how hubbub affects many qualities. To assess the degree of influence of 

various borders on the reaction, an ANOVA was used. The L9 Orthogonal array presented in 
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Table 6&7. To determine the commitment of every boundary on the reaction, a quantitative 

estimation was used. As shown, the examination was then conducted by altering the applied 

burden, sliding rapidity, and fraction of support for three stages. The experimental plan is 

listed in Table 5. 

Table 5 Experimental plan 

Controllable 

factors 

A:Weight(

N) 

B:Sliding velocity 

(m/s) 

C:% Reinforcement 

1 10 1 5 

2 20 2 10 

3 30 3 15 

Table 6 L9 Orthogonal Array 

 

Exp.No 

 

Load(N) 

Sliding Velocity 

(m/s) 

 

%Reinforcement 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

 

Table 7 L9 orthogonal array for experiment 

 

Exp. No 

 

Load(N) 

Sliding velocity 

(m/ s) 

 

% Reinforcement 
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1 10 1 5 

2 10 2 10 

3 10 3 15 

4 20 1 10 

5 20 2 15 

6 20 3 5 

7 30 1 15 

8 30 2 5 

9 30 3 10 

 

 

 

 

 

 

 

2.4 Wear Test 

 

Figure 4 Experimental setup of Friction wear testing machine 



JOURNAL OF CRITICAL REVIEWS  
                                                                                    
                                                                                              ISSN- 2394-5125             VOL 6, ISSUE 03, 2019 
 

318 
 

The pin on circle analyser was the target of the dry sliding wear test. Like what is seen in 

Figure. The example's dimensions for the test for wear was 12 mm in breadth by 30 mm in 

length. The examples were machined and cleaned in accordance with ASTM standards before 

testing. Before the test, CH3)2CO was used to completely clean the worn track, composite 

instances. Holding the pin against a pivoting circle made of EN32 steel and adding loads to 

the device's left arm were the methods used to conduct the test. The track width was 100 mm 

and the sliding distance was 1500 m during the test conditions. The Experimental setup of 

Friction wear testing machine as shown in Figure 4.The experimental value of wear test is 

presented in Table 8. 

Table 8 Wear Test Experimental data 

Exp.no Initial weight of specimen 

(grams) 

Final weight of specimen 

(grams) 

Weight loss 

1 6.77 6.7115 0.05841 

2 6.85 6.8422 0.007725 

3 6.90 6.8916 0.00833 

4 6.85 6.8393 0.010658 

5 6.90 6.89 0.00991 

6 6.77 6.7624 0.007525 

7 6.90 6.701 0.0198375 

8 6.77 6.7595 0.010454 

9 6.85 6.8387 0.01125 

 

3. RESULTS AND DISCUSSION 

The experiment was carried out in accordance with the orthogonal array to get the 

findings for various parameter combinations. 

3.1 Results of L9 orthogonal array. 

The Taguchi's orthogonal array L9 (34) is used to identify which elements are more 

important than others and how they affect the performance requirements. The Analysis of 
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Mean (ANOM), S/N ratio, Turkey Method, and Analysis of Variance are used to accomplish 

the objectives of this study (ANOVA). Table 9 displays the L9 orthogonal array's results. 

Table 9. L9 Orthogonal array results 

Exp. 

No 

Load 

(N) 

Sliding 

Velocity 

(m/s) 

% Reinforcement Wear Rate 

(mm3/m) 

S/N Ratio 

(db) 

1 10 1 5 0.001402 57.0618 

2 10 2 10 0.001854 54.643 

3 10 3 15 0.0020 53.5555 

4 20 1 10 0.002558 51.8458 

5 20 2 15 0.002380 52.46487 

6 20 3 5 0.001806 54.8706 

7 30 1 15 0.004761 46.4441 

8 30 2 5 0.002509 52.0149 

9 30 3 10 0.0027 51.0567 

 

3.2 Response table for Wear Rate and S/N Ratio 

For each output function, the signal-to-noise ratio (S/N) of each machining parameter 

level must be assessed. In order to determine the ideal machining settings. An ideal level is 

indicated by the machining parameter level utilizing the S/N. The wear rate to S/N ratio is 

presented Table 10. 

Table 10 Wear Rate and S/N Ratio 

Level 
Load 

(N) 

Sliding velocity(m/s) %Reinforcement 
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1 55.23 51.78 54.65 

2 53.06 53.04 52.62 

3 49.94 53.41 50.96 

DELTA 5.28 1.62 3.68 

RANK 1 3 2 

 

 3.3 Response1 Wear Rate 

ANOVA for Response Surface Linear Model 

Analysis of variance table [Partial sum of squares - Type III] 

Using the ANOVA test, can compare more than two groups at once to see if there is a 

correlation between them. The analysis of varience  presented in Table 11. 

   Table 11 Analysis of Varience table 

Source 

   Sum of 

Squares 

                        

df 

   Mean 

Square 

                           

F Value 

     p-value 

Prob > F 

Model 6.48E-06 3 2.16E-06 10.6 0.0132 

A-Load  3.70E-06 1 3.70E-06 18.19 0.008 

B-Sliding 

Velocity 8.18E-07 1 8.18E-07 4.02 0.1014 

C-

Reinforcement 1.95E-06 1 1.95E-06 9.6 0.0269 

Residual 1.02E-06 5 2.04E-07    

Cor Total 7.49E-06 8      

 

 3.4 Wear rate data Analysis 

 The model's F-value of 10.60 suggests that it is significant. Only 1.32% of the time could 

noise account for a "Model F-Value" this large. Model terms are regarded as significant when 

"Prob > F" is less than 0.0500. In this case, key model terms include A and C. If the value is 
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higher than 0.1000, model terms are not significant. If your model has a lot of extraneous 

terms, model reduction may improve it (except those needed to maintain hierarchy). The 

wear rate data analsis is presented in Table 12. 

Table 12 Wear rate data analysis 

Std. Dev. 4.51E-04 R-Squared 0.8641 

Mean 2.44E-03 Adj R-Squared 0.7826 

C.V. % 18.48 Pred R-Squared 0.4791 

PRESS 3.90E-06 Adeq Precision 9.018 

 

 As one may typically anticipate, the "Pred R-Squared" of 0.4791 is farther away from the 

"Adj R-Squared" of 0.7826. This can a large block impact, or it could indicate a problem with 

your model or data. Outliers, model reduction, and response transformation, etc. are things to 

take into account. Signal-to-noise ratio is measured using "Adeq Precision." The ideal ratio is 

at least 4.. Your ratio of 9.018 shows a strong enough signal. Use this model to navigate the 

design space. 

 

3.5 Regression Analysis 

 Regression analysis is a powerful statistical method that enables you to explore the 

relationship between two or more important variables. There are many different types of 

regression analysis, but at their core, they all focus on how one or more independent variables 

influence a dependent variable. 

  Wear Rate =  +4.66778E-004+7.85667E-005  * Load -3.69167E-004  *Sliding  Velocity+1.14133E-004  * Reinforcement ---------------------(1) 
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Figure Effect of wear rate a) Load Vs Reinforcement b) Sliding velocity Vs load c) 

Reinforcement Vs Sliding Velocity. 

From the figure  5(a) it seems that the optimum wear rate atained at minimum reinforcement 

and load. From the figure  5(b) it seems that the optimum wear rate atained at minimum load 

and maximum sliding velocity. 5(c) it shows that the optimum wear rate is atained at 

minimum Reinforcement and maximum sliding velocity. Table 13 presents that different 

wear rates with experimental and regression model. 

Table 13. different wear rates with experimental and regression model 

 

 

Exp .No 

 

 

Exp.Wear Rate 

(mm3/m) 

 

 

Reg.Model Wear 

Rate (mm3/m) 

 

 

%Error 

1 0.00 1991 0.001913 4.01 

2 0.002452 0.002602 5.75 

3 0.003153 0.003101 1.92 
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4. CONCLUSION 

The Taguchi boundary design can provide a systematic method for accurately and effectively 

identifying the ideal wear rate of the composite. This investigation demonstrates how to use 

the Taguchi boundary design to save cost while reducing wear rate. The composite's level of 

resistance to wear increased by using silicon carbide as a crucial support with an expanding 

structure. Using S/N proportion analysis and ANOVA, the best circumstances for the lowest 

wear rate were discovered. According to the investigation, wear rate increases as applied 

burden and support are increased, while sliding speed decreases. According to the Plot of the 

main impacts for means and S/N percentage, L=10 N, V=3 m/s, and %R=5 result in the 

lowest wearing off. The ANOVA shows the effect of rate commitment on wear for each 

control boundary. 
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