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Abstract— Particle reinforced metal matrix composites are 

skilled to fulfill the needs of cutting edge designing 

applications because of its tunable mechanical properties. Stir 

casting is one of the unmistakable and affordable strategies 

for preparing particle reinforced metal matrix composites. 

Computational fluid dynamics simulation along with the 

optimization technique is one of the effectual combinations 

to guide experimental research. In this stir casting process, 

flow pattern is the important factor for the dispersion of 

particles in the liquid metal. However, a complete study of 

analyzing the flow pattern of the particle is a challenge for the 

research community. Effectual flow pattern and uniform 

distribution of particles can be attained by optimizing stir 

casting parameters such as volume concentration, blade 

angle, impeller position, viscosity and holding time. In this 

research, computational fluid dynamics has been used to find 

the vortex pressure which influences the particle distribution. 

With the help of results of CFD, the stir casting parameters 

are optimized using Taguchi method. Visualization 

experiments also help to choose the exact parameters that 

need to be optimized. 
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I. INTRODUCTION 

A metal matrix composite (MMC) is composite material with 

at least two constituent parts, one being a metal necessarily, 

the other material may be a different metal or another 

material, such as a ceramic or organic compound. When at 

least three materials are present, it is called a hybrid 

composite. Reinforcing metals or ceramic materials into a 

metal matrix gives many benefits like thermal resistance, 

better strength and toughness etc. The matrix is often a light 

metal (Al, Ti or Mg). The reinforcement might be of SiC, 

Al2O3, nitrides of carbon, boron and so forth. Metal matrix 

composites are not as generally being used as their plastic 

partners (Kansal et al. 2006). High quality, toughness and 

stiffness are obtainable by metal matrix than that of their 

polymer partners (Jayamathy et al. 2004). They can withstand 

raised temperature in destructive condition than the polymer 

composites. The strength to weight proportions of the 

composites was higher than most of the alloys(Deshmanya et 

al. 2012).Mostly, the Metal Matrix Composites (MMCs) 

comprise of continuous or discontinuous fibers, whiskers or 

particulates reinforced in a matrix. When compared to the 

matrix, reinforcement possesses higher hardness, toughness 

and stiffness (Lindroos et al. 1995). [8]Aerospace field is 

demanding a material with superior strength and high 

resistance against wear, tear and corrosion. The current study 

aimed to develop a new material with high performance to be 

applicable in aerospace field.[9] This examination researches 

the diversion and the stressful appropriation in a length, thin 

cantilever beam or bar light emission rectangular cross 

section segment made of straight versatile the material 

behavior and mechanical properties that are homogeneous 

mixture. The redirections of a beam are basically a modeling 

of 3D issue. A flexible extending one way is joined by a 

pressure in opposite ways. This undertaking, structural and 

dynamic examination is a cycle to decide the stress, strain and 

distortion. Shaking qualities of a formation or a machine 

segment while it is being planned. It was gotten a significant 

choice to give an accommodating commitment in 

understanding control of numerous vibration wonders which 

experienced practically. Bone are most important tissues, 

consists of raw materials like calcium and phosphorus. They 

develop rapidly during one of early years and make good 

themselves. The bone is particular as a linear-elastic, 

isotropic process and uniform material. Bones are an essential 

part of the human skeleton. It helps to maintain the softer 

parts of the body. Trauma is a chief cause of death and 

disability in both developed and increasing countries. The 

humanity physical condition association predicts that by the 

year 2021, trauma will be the leading origin of years of life 

lost for both urban and increasing nations. Bone crack is one 

of the common traumas. [7] 

II. LITERATURE REVIEW 

Kishnan et al. (2019) investigated the feasibility of using car 

scrap Aluminum alloy wheels (SAAWs) as the matrix 

material and spent alumina catalyst (SAC) from oil refineries 

as reinforcement material. Superior mechanical properties 

were obtained when using alumina as reinforcement, and 

better mechanical properties can mainly be attributed to the 

morphology of the reinforcement and silicon eutectic phase 

mixture. Sharma et al (2020) adopted a novel approach where 

a newly developed distribution index and area fraction of the 

composites are quantitatively determined through 

microstructural image analysis method, and the process 

parameters are optimized for maximum area fraction and 

minimum distribution index. The stir casting process 

parameters (stirrer rpm, time of stirring, furnace temperature 

and preheat temperatures) are optimized by Box- Behnken 

design of response surface methodology. Nanjan et al (2020) 

prepared a Metal Matrix hybrid composite (MMHC) by 

reinforcing the following reinforcements like Graphite, 

Aluminum oxide, silicon carbide and boron carbide at a 

percentage of 4 and 5 is added with A6061. The SEM, wear, 

hardness tests are carried out to bring out the positive impact 

of the newly prepared samples. Nayeret al.(2003) projected 

that the uniform particle distribution is one of the major 

problems in manufacturing Metal Matrix Composites 

(MMCs). Thesimulation studies were conducted in order to 

optimize some of the parameters to get uniform distribution 

of the particles. The influence of stirrer geometry and speed 

on photography conditions (shutter speed, aperture control, 
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lighting), particles dispersion and settling times and vortex 

height were analyzed. The results of this research were to 

improve the MMC production. Suresh et al.(2013)used stir 

casting method for the manufacturing of Aluminum alloy - 

titanium boron particles composites. When compared with 

the other methods of manufacturing of MMC, using stir 

casting process had more advantage. Experimental 

investigation was carried out based on the volume fraction of 

the TiB2 and also all the parameters were kept constant. The 

worn surface and wear tracks were analyzed with the help of 

wear mechanism. Microscopic examination also used to 

analyze the worn surface and wear tracks. This research 

proves that wear resistance of the composites were improved 

by the addition of the TiB2 particles. The addition of the TiB2 

particles not only improved the wear resistance of the 

composite but also improved the mechanical properties such 

as tensile test and harness test. Ravi et al.(2007) discussed the 

effect of stir casting parameters on the processing of Al-SiC 

composites by stir casting process with the help of water 

model. Various parameters such as blade angle, rotating 

speed, effect of the baffles, and direction of impeller rotation 

were optimized and investigated. The result shows that the 

axial concentration of the graphite particles increases with the 

absence of the baffles, when compared to the four vertical 

baffles (sharma et al. 2020). The variation obtained in the 

watermodel gave very close agreement with the real molten 

Aluminum-SiC system. The results showed that the 

clockwise and counter clockwise rotations of the stirrer also 

possess some improvement in the variation in the graphite 

concentration.  

III. METHODOLOGY 

Visualization experimental set up was designed for the 

simulation of the actual stir casting process for particle 

reinforced metal matrix composite(Biswas et al. 1999). Due 

to the higher working temperature of the stir casting process 

it is not feasible to trace or observe the flow pattern of the 

reinforced particles (Bui et al. 1994).Based on their 

characteristics, glycerol water has been chosen instead of 

molten aluminum and graphite particle.The glycerol water 

mixture – graphite particle (1.0g/cc-1.8g/cc) was that the 

density is approximately nearer to that of the Al-SiCp 

(2.3g/cc- 3.2g/cc) synthesis (Chawla et al. 2001). A 

transparent glass vessel having a diameter of 7cm and a 

height of 9cm is chosen, as the particle distribution canbe 

easily viewed inside the plastic vessel (Figure 3.1). A 

Schematic diagramof beaker with stirrer was shown in the 

Figure 3.2. Agitation was provided by four bladed impellers 

with five different blade angles (0o,30 o,45 o,60 o and 90o). 45o 

and 90o stirrer blades are shown in the Figure 3.3.A motor 

was attached to the impeller, to provide rotation to the 

impeller and a variac was connected to the motor to produce 

five different speeds (100rpm, 150 rpm, 200 rpm, 250 rpm, 

and 300rpm). 

 
Fig. 1: Pyrex beaker 

 
Fig. 2: Stirrer blades 

 The viscosity of the glycerol water solution is 

similar to that of molten Aluminum at that corresponding 

temperature. Details of the blending proportion of glycerol 

water mixtures are tabulated in Table 3.1.The vortex height, 

settling time, clustering of graphite particle were captured 

using the high resolution camera (NIKOND7100, lighting 

apertures (fx400) and zooming lens (200mm macro lens)). 

 
Fig. 3: stir casting process setup 

 
Fig. 4: Modeling 

Temperature 

of Al(oC) 

Viscosity 

of Al 

(m.Pa.s) 

Glycerol water 

mixture for 

(200mL) 

Viscosity 

of 

glycerol-

water 

mixture. 
Glycerine Water 

700 1.24 0.014 0.186 1.25 

730 1.18 0.010 0.190 1.17 

750 1.13 0.008 0.192 1.13 

780 1.08 0.005 0.195 1.08 

800 1.04 0.003 0.197 1.05 
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Table 1: The blending proportion of glycerol and water 

IV. EXPERIMENTAL WORK  

A. STIR Casting Process 

For this experimental investigation, the Silicon Carbide(SiC) 

and Aluminum(Al8011) materials which are potentially 

suitable to propose the fabrication approach as reinforcement 

and matrix materials respectively. Aluminum alloy 8011 has 

been chosen in this study as matrix materials because of its 

low density, higher fatigue resistance and good co-efficient 

of thermal expansion. It possesses good mechanical 

properties like better stability at high temperature, high 

strength and stiffness and wear resistance. PRMMCs are used 

in many advanced applications in the field of automobile, 

defense, aerospace and the like. The following datasheet will 

provide more details about Aluminum. Aluminum 8011 alloy 

Silicon Carbide SiCas has been selected in this study as 

reinforcement material owing to its high hardness and 

chemical stability (Sanesh et al. 2017). When SiC is 

reinforced with Al8011 alloy, wear properties of the 

composites improve. In the manufacturing of automobile 

engine and body parts, the blend of Al8011 and SiC was 

applied specifically because of its light weight and high 

temperature resistance (Singh et al.2017). 

 
Fig. 4: Silicon Carbide 

V. MICROSTRUCTURAL ANALYSIS 

A. Optical Microscope 

With Optical Microscope (OM) appeared in Figure 3.23, the 

light magnifying lens is utilized to contemplate the 

microstructure of small specimen; optical and enlightenment 

frameworks are its essential components (Suresh et al. 2019). 

For materials that are opaque to visible light, just the surface 

is dependent upon perception, and the light magnifying 

instrument must be utilized in a reflecting mode. 

Differentiations in the picture delivered result from contrasts 

in reflectivity of the different location of the microstructure 

(Singh et al. 2015). Examinations of this sort are regularly 

named metallographic, since metals were first inspected 

utilizing this method. 

B. Scanning Electron Microscope (SEM) 

A very helpful analytical device is the Scanning Electron 

Microscope (SEM) appeared in Figure 3.24. The surface of a 

specimen to be analyzed is filtered with an electron beam, and 

the reflected light emission is gathered, at that point showed 

at a similar examining rate on a cathode ray tube. The picture 

on the screen, which might be shot, shows the surface 

highlights of the specimen. In SEM, scan the specimen in the 

magnification from 100x to1000x, the images are illustrated 

in result (Lukusak et al. 1993) 

C. Friction and Wear Analysis 

The wear and friction testing were conducted on sample 

number. 2, 4 and 8 as reported in Table 3.7. The wear and 

friction testing were conductedby using the DUCOM pin-on- 

disc wear testing apparatus as shown in Figure 3.41. The test 

specimens of 6mm diameter and 25mm length were prepared 

by machining the casted samples    shown in   Figure   3.42 

(Singh et al. 2016). The test was conducted as per ASTM G-

99 standard under dry sliding condition in air. 

Applied load 5N 

Sliding distance 1000m, 1250m, 1500m 

Sliding speed 400rpm, 500rpm, 600rpm 

Sliding velocity 0.83m/s, 1.05m/s, 1.26m/s 

Track dia on disc 40mm 

Sliding time 20min 

Table 2: Parameters to be considered for dry sliding wear 

test 

VI. RESULT AND DISCUSSION 

The conclusion from the visualization experiments helps to 

choose the parameters that need optimization. The results of 

the computational fluid dynamics were analyzed for the 

effective vortex pressure with the help of Taguchi design of 

experiments. Micro structural images were analyzed for 

uniform distribution of the particles. From the result of the 

micro structural analysis, three samples were carried out for 

mechanical testing. Tensile test, Hardness Test and wear test 

results were analyzed for the better mechanical properties of 

the particle reinforced metal matrix composites The 

visualization experiments conforms that the impeller position 

of 40% from the base provides better flow pattern when 

compared to the impeller position of 20% from the base. So 

based on the results of CFD simulation, optimization and 

visualization experiment, the conformation experiments was 

done using the stir casting parameters,45 degree blade angle, 

impeller position 40% from the base, viscosity of Al melt 

1.04 mPa.s,10% volume concentration of SiC particle and 

10 minutes holdingtime. 
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Fig. 5: Vortex pressure 

A. Scanning electron microscope analysis 

The Scanning Electron Microscope (SEM) analysis was done 

after propetching and polishing for clear view. The images 

were taken at different magnifications ranging from 100x to 

1000x. 

 
Fig. 6: SEM analyses of Specimen 1 magnification 1000x 

and 500x 

 The Figure 4.39 shows the scanning electron 

microscope image of 95% Al8011 with 5% reinforcement of 

Silicon carbide. Melting temperature of Al-8011 700ºC, 90º 

angle blade is use to stir and distribute particles and impeller 

position was 20% of height from bottom of crucible. The 

SEM image reveals the presence of Silicon carbide particles 

at several locations of the composite. It also shows the 

particle distribution was moderately distributed in the 

magnification of 1000x and 500x. The Figure 4.40 shows the 

scanning electron microscope image of 95% Al8011 with 5% 

reinforcement of Silicon carbide. Melting temperature of Al-

8011 700ºC, 45º angle blade is use to stir and distribute 

particles and impeller position was 40% of height from 

bottom of crucible. The SEM image reveals the presence of 

Silicon carbide particles at several locations of the composite. 

It also shows the particle distribution was fine distributed in 

the magnification of 1000x and 500x. 

VII. CONCLUSION 

The scanning electron microscope image of 90% Al8011 with 

10% reinforcement of Silicon carbide. Melting temperature 

of Al-8011 800ºC 45º angle blade is use to stir and distribute 

particles and impeller position was 40% of height from 

bottom of crucible. The SEM image reveals the presence of 

Silicon carbide particles at several locations of the composite. 

It also shows the particle distribution was fine in the 

magnification of 1000x and 500x.Microstructural analysis 

was carried out in optical microscope and in scanning 

electron microscope. Sample 2, Sample 4 and Sample 8 

achieved uniform distribution of SiC particles 

experimentally. 
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