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ABSTRACT 

Carbon/Carbons find increasing use as primary load-bearing structures and material properties such as 

hardness, impact, and compressive strength; flexural, creep and wear properties were required for designing 

with these composites. As part of the present investigation tests were performed to determine these and also to 

study the failure mode. An attempt to study the effect of configuration of the loading with respect to the axis of 

the load is made. The failure patterns have been studied using SEM to understand the fracture features. In 

literature we have studied, synthesis of C/C composites and characterization like hardness, compression, creep 

and oxidation tests were conducted. In the present study we concentrated only on SEM analysis, XRD, flexural 

and impact, properties which were not reported systematically in the literature. Hence we tried our own way of 

producing preformed yarn and synthesized C/C Composites. After preparing we tested above said properties 

and we analyzed in systematically in this paper. 
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I. INTRODUCTION 

 

Carbon/Carbon (C/C) materials are genetic class of composites, consisting of a fibrous carbon in a carbonaceous 

matrix. Although both constituents are of the same element, this fact does not simplify the composite behavior 

because the state of each constituent may range from amorphous carbon to graphite [1 and 2]. In the words of 

Fitzer and Huttner [3], the principal concept of C/C composites can be seen as an attempt to develop and tailor 

special graphite materials that utilize the chemical bonds to enhance their mechanical and thermal bulk 

properties. The synergetic nature of a composite material can be best explained from the work of fracture of the 

individual carbon fiber and that of the matrix carbon, which is about 10 J/m
2
, whereas that of a carbon-carbon is 

about 14 kJ/m
2
, -a phenomenal increase in magnitude [4]. 

The criteria that led to the selection of C/C composites for thermal protection systems and other applications 

were based on the following few requirements: 

1.  Retention of mechanical properties such as strength and stiffness up to 3000°C, 

2.  Sufficient stiffness to resist thermo-structural loads, 

3.  High thermal conductivity and low coefficient of thermal expansion to minimize induced thermal stresses 

and thereby improving thermal shock resistance, 

4.  Oxidation resistance sufficient to limit strength reduction, 
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5. Tolerance to impact damage and 

6. Manufacturing process within the state of the art and the ability to manufacture complex shapes. 

Carbon materials have long been recognized as a potential candidate for tribological applications. For example, 

graphite having hexagonally arranged carbon layers separated by weak Vander Waals bond is known to be good 

solid lubricants. Their applications in electrical bushes and bearings are well known [ 4]. The interest in the 

tribological response of this class of material escalated with the advent of carbon fiber reinforced carbon matrix 

composites for aircraft brake applications. The primary requirements for aircraft brake materials are high 

thermal capacity, good strength, adequate and consistent friction characteristics in conjunction with high wear 

resistance and high thermal conductivity [5 and 6]. Lighter and refractory, with equivalent mechanical 

properties, thermo structural composites replace more and more metallic parts of aeronautic structures. In 1969, 

carbon/carbon (C/C) composites were introduced in propulsion field and rapidly applied to aircraft brakes 

thanks to their excellent tribological properties, especially at high temperatures. With a low wear rate and a 

stable behavior, they are perfectly suited to all the aircraft brake applications: not only taxying and landing but 

also rejected take-off [7]. In the early 1980s, their use was extended to Formula 1 brake fabrication. However, 

such materials have never been applied to other types of surface transport, because of too high a cost and 

unsuitable tribological behavior in the concerned temperature ranges. 

 

II. EXPERIMENTAL PROCEDURE 

 

The present work deals with some aspects of fabrication and characterization of carbon-carbon composite with 

special emphasis on the PY production machine and mechanical properties as well as on the carbon 

microstructures [8]. Different precursor materials have been used to start with and the effect of these on the 

densification efficiency and microstructures formed are investigated. Composite made from PAN based C-fibers 

were fabricated using the hot press impregnation-carbonization route. The matrix precursor is coke and coal tar 

pitch is used for densification. Scanning electron microscope (SEM) is used to identify the matrix morphologies 

formed at various stages of processing. The degrees of graphitized composites depend on the matrix precursors. 

Hence subsequent to graphitization heat treatment, the extent of graphitization was investigated from the X-ray 

diffraction data. 

Carbon/Carbons find increasing use as primary load-bearing structures and material properties such as hardness, 

impact, and compressive strength; flexural, creep and wear properties were required for designing with these 

composites. As part of the present investigation tests were performed to determine these and also to study the 

failure mode. An attempt to study the effect of configuration of the loading with respect to the axis of the load is 

made. The failure patterns have been studied using SEM to understand the fracture features. In this study our 

concentration was on XRD, SEM analysis, flexural, impact, and wear properties. 

Table 2.1 gives the properties of carbon fiber which was fabricated by controlled pyrolysis of an organic fiber 

precursor Polyacrylonitrile, known as PAN, which is the commonly used precursor. Materials numbered 1, 2 

and 3 are supplied by DRDO (Defense Research and Development Organization) Hyderabad, India. Three 

different samples of C/C composite with different carbon fiber content such as 30%, 40% and 50% weight 

fractions have been prepared using above PY machine. Three different composition unidirectional samples of 
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C/C composite with different weight percent carbon fiber content were prepared; the compositions of the 

prepared samples are given in Table 2.2. 

Table 2.1 Properties of Carbon Fiber Used  

Diameter  7.1 µm 

Length of the fiber 5-6 m 

Density  1.7g/cc 

Tensile strength  3.45GPa 

Young‟s modulus 235 GPa 

Elongation 1.55% 

Table 2.2 Compositions of Preformed Yarn  

Specimen 

Type of  

Preform

ed Yarn 

Matrix (wt %) 

Fiber 

(Wt %) 

Sleeve 

(Wt %) 

Pitch and 

coke 

(Wt %) 

 

 Pitch 

binder    

(Wt %) 

1 PY-B50 40 50 50 10 

2 PY-B60 40 60 40 20 

3 PY-B75 40 75 30 30 

By cutting the endless preformed yarns, chopped yarns are obtained, which are used to produce carbon fiber 

reinforced C/C composites. The prepared preformed yarn is shown in figure2.1. These PY enable one easily to 

fabricate primary work pieces such as unidirectional sheets (UD), cloth sheets, tapes and chopped yarns. 

Further, it is possible to prepare pipe and tube shaped standby preforms. From these work pieces and preforms, 

the C/C composites can easily be produced by hot press molding method.  

 

Fig.2.1   Prepared PY Contains Carbon Fibers, Coke, and Pitch and Nylon Sleeve  
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III. RESULTS AND DISCUSSION 

3.1. SEM Analysis of C/C Composites 

For all the samples SEM photographs were taken to study how the fibers are oriented in matrix and are shown in 

micrographs. From figure 3.1 (50wt%fiber), it is seen that all the carbon fibers are oriented in unidirectional and 

measured diameter of carbon fibers had an average value of about 6.95~7.1 µm but all the carbon fibers were 

not completely surrounded by the carbonaceous matrix and some fibers are found to be oriented other direction; 

this is due to breaking of fibers while hot pressing. The SEM analysis reveals that the interfacial bond between 

the carbon fibers and carbon matrix is not so good in sample two and three hence the properties of the materials 

are less than the expected values. This is because of many factors. Insufficient matrix or binder, hot press 

conditions, number of pitch impregnation cycle, final heat treatment etc. play an important role in 

manufacturing C/C composites. Optimization of all these factors yields better interfacial bond strength and 

excellent properties would be expected.  

 

Fig. 3.1 SEM Image Showing Unidirectional Orientation-50wt%fiber 

 

3.2 X-Ray Diffraction (XRD) Analysis 

The XRD patterns of raw materials are shown in figures 4.6, 4.7 and 4.8. By comparing raw materials‟ and 

samples‟ pattern, it is that the amorphous carbon has almost been converted into crystalline graphite. The XRD 

pattern of the carbon- carbon composites with 30%, 40% and 50% weight fraction carbon fiber samples are 

shown in the figure 4.9, 4.10 and 4.11 respectively. The “d” spacing, d (0 0 2) is calculated using Bragg's 

equation: 

                              nλ = 2dsinθ  
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Fig. 3.2 XRD Pattern of the Sample With 30wt% Carbon Fiber 

By comparing the JCPDF file, it is concluded that carbon is present in graphite form for all the samples at 26.63º 

with„d‟ spacing 3.3346Aº. By this we can conclude that graphitization has been initiated and almost completed, 

it is revealed from X-RD pattern serration, peak of intensity line and width of intensity line.  

Flexural Strength 

 

Fig. 3.3 Flexural strength and modulus of C/C composites as a function of fiber content 

The effect of fiber on the strength of composite was investigated by flexural tests as a measure of the bonding of 

fiber to the matrix as well as mechanical strengthening.  Figure 3.3 shows the flexural strength and modulus of 

C/C composites for 30%, 40% and 50 wt% fiber contents. The flexural strength increased from 184 MPa in the 

case 30% fiber to 203 MPa for 50% fiber. The flexural modulus increased from 35GPa in the case of 30% fiber 

to 46GPa for 50% fiber.  For fiber contents between 30% and 50wt%, the modulus increased steadily. This 

shows that a strong fiber-matrix bond exists for all fiber contents.   

This shows that the flexural strength C/C composites increased sharply to 203 MPa and the modulus increased 

to 46GPa for 50% fiber. The values decreased gradually for lower fiber contents. It is clear that the flexural 

properties of C/C were enhanced due to the addition carbon fibers. The PY C/C composites exhibited higher 

impact and flexural strengths compared to conventional C/C composites.  

Some important characteristics of composites have to be considered to correlate the results obtained. The quality 

of the interface in composites i.e. the fiber-matrix bonding and the interface stiffness play a very important role 
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in the material‟s capability to transfer stresses and elastic deformation from the matrix to the fibers [10].  This is 

especially true for composites because, they impart a high portion of interface. If the fiber-matrix interaction is 

poor, the fibers are unable to carry any part of the external load. The yield strength of fiber composite can be 

higher than that of the matrix alone when there is a good fiber-matrix bonding [11]. A high interfacial stiffness 

corresponds to a high composite modulus. Hence, the increase in flexural strength and modulus as observed for 

the C/C composites suggests that stresses are efficiently transferred via the interface.  

Fracture surface of the C/C composites (Fig. 3.4a) reveals a brittle behavior characterized by smooth areas. In 

contrast to the smooth surfaces typically show a micro-rough structure characterized by flow patterns aligned in 

the direction of the main crack propagation, along with hackle like structure. Such matrix deformation may 

occur by an energy-consuming mechanism in C/C composites, and the mechanism has been reported by several 

authors [12,13]. Other energy consuming mechanisms are fiber de-bonding, fiber pulled out (Fig. 3.4b) and the 

initiation of secondary cracks at local in homogeneities indicated by curved region.  

    

Fig.3.4 (a) Fracture Under Three Point Bending (b) Fiber Pulled out Region 

 

3.3 Charpy Impact Test 

 

Fig. 3.5 Charpy Impact Strength of C/C Composites as a Function of Fiber Content 

Charpy impact tests are high speed fracture tests measuring the energy to break a specimen under bending 

conditions. The specimens are deformed within a short time and therefore exposed to high strain rates. In the 

present work, the un-notched specimens were selected for impact test, keeping in mind that the notches may 

induce stress concentration at their vicinity and the impact strength of the C/C may be further reduced. Figure 

3.5 show the impact behavior C/C composites. For the 30 weight percentage C/C composite the impact strength 

reported is 22 KJ/m
2
; in the case of 40 weight percentage of fiber content strength increased gradually to 24.1 

KJ/m
2
. For 50% fiber composite, the impact value increased to 24.69 KJ/m

2
. It is clear that the increase in the 

amount of fiber resulted in the increased impact strength of C/C composites. In general, the fiber enhances the 
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impact properties of composites similar to strength and hardness enhancement as already seen. It is also 

confirmed that C/C composites do not become so brittle under high strain-rate conditions [15]. The main 

mechanisms that are found here are fiber de-bonding and fiber pulled out. 

 

IV. CONCLUSION 

 

The present study shows that increase in the weight fractions of carbon fiber in the preformed yarn (PY) C/C 

composites has shown remarkable increase (10-20%) in various physical and mechanical properties of 

composites over conventional C/C composites.  

From the flexural and impact study it is observed that as the weight fraction of carbon fiber increases the 

material properties also increased. But, these properties are still lesser than the expected values because extent 

of graphitization was not completed as glassy phases are revealed from XRD and SEM analysis. 
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ABSTRACT  

The importance of composites as engineering materials is reflected by the fact that out of over 1600 engineering 

materials available in the market today more than 200 are composites. These composites initially replaced Cast 

Iron and Bronze alloys but owing to their poor wear and seizure resistance, they were subjected to many 

experiments and the wear behavior of these composites were explored to a maximum extent and were reported 

by number of research scholars for the past 25 years. In the present study, based on the literature review, the 

effect of Silicon carbide on Stir cast Aluminium Metal Matrix Composites is discussed. Aluminium Metal Matrix 

Composites with Silicon carbide particle reinforcements are finding increased applications in aerospace, 

automobile, space, underwater, and transportation applications. This is mainly due to improved mechanical and 

tribological properties like strong, stiff, abrasion and impact resistant, and is not easily corroded. In the present 

scenario, a review of different researchers have been made to consolidate some of the aspects of mechanical 

and wear behavior of Aluminium Metal Matrix Composites reinforced with Silicon carbide particles in both 

untreated and precipitation hardened condition.  

 

Keywords: Aluminium alloy, Metal Matrix Composites, Silicon Carbide, Stir casting, Precipitation 

hardening 

 

I. INTRODUCTION 

 

Aluminum is used widely as a structural material especially in the aerospace industry because of its light weight 

properties however the low strength and low melting point of aluminum were always a problem. A cheap 

method of solving these problems was to use a reinforced element such as SiC particles and whiskers (1). The 

ceramic particle additions make it possible to increase the specific elastic modulus of aluminum and improve 

aluminum thermal properties (2, 3). Using powder metallurgy (PM) method to produce aluminum composites 

reinforced with SiC particulates produce a homogenous distribution of reinforcement in the matrix. While other 

methods of production like casting and thixoforming have the problems of reinforcement segregation and 

clustering, interfacial chemical reactions, high localized residual porosity and poor interfacial bonding. The rest 

of the production methods such as spray deposition is very expensive which render its application (4). Powder 

metallurgy also has the advantage of producing net-shape components minimizing machining process which is a 

great problem in case of aluminum silicon carbide composite as a result of high tool wear due to the inherent 
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abrasiveness of the hard SiC particles. Also the machining process causes cracking of SiC particles and 

debonded matrix-reinforcement underneath the machined ssurface (). However the aluminum silicon carbide 

composite produced by PM has a low strength relatively. This low strength is mainly due to the presence of an 

oxide layer surrounding the aluminum particle which prevents the welding of the particles during sintering 

process. This oxide film also prevents grain growth and movement of dislocations at the boundary or through 

them and produces high strength, brittle, and insensitivity to high temperature exposure composite. As a method 

to overcome this drawback the composite was extruded after sintering to break the oxide layer and produce 

welding between the aluminum particles. However this method eliminates the advantage of net shape products 

also the composite after extrusion shows a non-uniform distribution of the reinforcement in the matrix (6). In 

this work the problem of bad sintering of aluminum composite was solved by increasing the sintering 

temperature above the melting temperature of aluminum (660 Co). The high temperature sintering process cause 

the aluminum surrounded by the oxide layer in the particle to melt and expand in volume to rupture the oxide 

envelope surrounding it and makes contact with melted aluminum leaking from nearby particles and welding 

take place. The oxide layer broke into small shell fragments impeded in the aluminum matrix restricting the 

movement of dislocation and increase strength. The aluminum powder used has a high percentage of aluminum 

oxide Al2O3 in from of thick layer surrounding the particles. No canning: or degassing processes was used 

before mixing the powder to reduce cost. Seven different compositions were prepared and tested containing 0%, 

5%, 10%, 15%, 20%, 25% and 30% weight percent silicon carbide respectively. Compression, microhardness 

and microstructure samples were prepared and examined from samples at the green state and samples that was 

sintered at temperatures of 650, 700, 750, 800, 850 and 900 C0 respectively. 

Metal matrix composite (MMC) is engineered combination of the metal (Matrix) and hard particle/ceramic 

(Reinforcement) to get tailored properties. MMC‟s are either in use or prototyping for the space shuttle, 

commercial airliners, electronic substrates, bicycles, automobiles, golf clubs, and a variety of other applications.  

Like all composites, aluminum-matrix composites are not a single material but a family of materials whose 

stiffness, strength, density, thermal and electrical properties can be tailored. The matrix alloy, reinforcement 

material, volume and shape of the reinforcement, location of the reinforcement and fabrication method can all 

be varied to achieve required properties. The aim involved in designing metal matrix composite materials is to 

combine the desirable attributes of metals and ceramics. The addition of high strength, high modulus refractory 

particles to a ductile metal matrix produces a material whose mechanical properties are intermediate between the 

matrix alloy and the ceramic reinforcement. Metals have a useful combination of properties such as high 

strength, ductility and high temperature resistance, but sometimes have low stiffness, whereas ceramics are stiff 

and strong, though brittle. Aluminium and silicon carbide, for example, have very different mechanical 

properties: Young's moduli of 70 and 400 GPa, coefficients of thermal expansion of 24 × 10-6 and 4 × 10-6/°C, 

and yield strengths of 35 and 600 MPa, respectively. By combining these materials, e.g. A6061/SiC/17p (T6 

condition), an MMC with a Young's modulus of 96.6 GPa and a yield strength of 510 MPa can be produced [1]. 

By carefully controlling the relative amount and distribution of the ingredients of a composite as well as the 

processing conditions, these properties can be further improved. The correlation between tensile strength and 

indentation behavior in particle reinforced MMCs manufactured by powder metallurgy technique [2]. The 

microstructure of SiC reinforced aluminium alloys produced by molten metal method. It was shown that 
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stability of SiC in the variety of manufacturing processes available for melt was found to be dependent on the 

matrix alloy involved [3].  

Among discontinuous metal matrix composites, stir casting is generally accepted as a particularly promising 

route, currently practiced commercially. Its advantages lie in its simplicity, flexibility and applicability to large 

quantity production. It is also attractive because, in principle, it allows a conventional metal processing route to 

be used, and hence minimizes the final cost of the product. This liquid metallurgy technique is the most 

economical of all the available routes for metal matrix composite production [4], and allows very large sized 

components to be fabricated. The cost of preparing composites material using a casting method is about one-

third to half that of competitive methods, and for high volume production, it is projected that the cost will fall to 

one-tenth [5]. In general, the solidification synthesis of metal matrix composites involves producing a melt of 

the selected matrix material followed by the introduction of a reinforcement material into the melt, obtaining a 

suitable dispersion.  

The next step is the solidification of the melt containing suspended dispersoids under selected conditions to 

obtain the desired distribution of the dispersed phase in the cast matrix. In preparing metal matrix composites by 

the stir casting method, there are several factors that need considerable attention, including the difficulty of 

achieving a uniform distribution of the reinforcement material, wettability between the two main substances, 

porosity in the cast metal matrix composites, and chemical reactions between the reinforcement material and the 

matrix alloy. In order to achieve the optimum properties of the metal matrix composite, the distributionof the 

reinforcement material in the matrix alloy must be uniform, and the wettability or bonding between these 

substances should be optimized. The literature review reveals that the major problem was to get homogenous 

dispersion of the ceramic particles by using low cost conventional equipment for commercial applications. In 

the present work, a modest attempt has been made to compare the dispersion of SiC particles in Al matrix 

fabricated with the help of different processes viz. 

 (a) without applying stirring process 

 (b) with manual stirring process            

 (c) a two-step mixing method of stir casting. An effort has been made to establish a relationship between 

hardness, impact strength and weight fraction of SiC in particle reinforced MMC‟s developed with the help of 

two - step mixing method of stir casting technique.  

 

1.1 Metal Matrix Composites 

Metal matrix composites (MMCs) reinforced with ceramic or metallic particles are widely used due to their high 

specific modulus, strength and wear resistance. Furthermore, MMCs have been considered as an alternative to 

monolithic metallic materials or conventional alloys in a number of specialized applications [14]. In particular, 

aluminum matrix composites (AMCs) have been reported to possess higher wear resistance and lower friction 

coefficient with increasing volume fraction of reinforcement particles, compared to aluminum alloys without 

reinforcement.   

Metal matrix composites are materials that have a metal or metal alloy as the matrix phase. The dispersed phase 

may be particulates, fibers, or whiskers that normally are stiffer, stronger, and/or harder than the matrix.  

 

1.2 General Consideration  
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Three main types of MMCs can be classified according to these reinforcement; continuous-fiber, discontinuous-

fiber, and particulate reinforced. Continuous-fiber reinforced MMCs possess higher stiffness and strength 

because of continuous filaments. . Many types of discontinuous and particulate reinforced MMCs have been 

produced. These materials have the engineering advantage of higher strength, greater stiffness, and better 

dimensional stability than the unreinforced metal alloys.  Discontinuous-fiber reinforced MMCs are produced 

mainly by powder metallurgy and melt infiltration process. Whisker dispersion produces higher strength and 

stiffness than particulate ones. Nevertheless, the powder metallurgy processing and melt infiltration methods are 

more expensive.  

 

1.3 What is a Composite? 

As defined by Jartiz, [31] Composites are multifunctional material systems that provide characteristics not 

obtainable from any discrete material. They are cohesive structures made by physically combining two or more 

compatible materials, different in composition and characteristics and sometimes in form. 

Van Suchetelan [61] explains composite materials as heterogeneous materials consisting of two or more solid 

phases & the combination has its own distinctive properties. 

 

1.4 Characteristics of MMCs  

Metals are extremely versatile engineering materials. The broad use of metallic alloys in engineering shows not 

only their strength and toughness but also the relative simplicity and low cost of fabrication of engineering 

components by a wide range of manufacturing processes.  

The necessity of achieving better properties that those obtained in monolithic metals has allowed the 

development of different kinds of MMCs.  However, the cost of achieving appropriate improvements remains a 

challenge in many potential MMC applications.  

One of the main problems is focused on ensuring the optimum degree of chemical contact (or wetting) between 

the fibers or reinforcements and the matrix. In many systems, wetting is inhibited by oxide films or surface 

chemistry features of the reinforcing phase.[69]  

Composites consist of one or more discontinuous phases embedded in a continuous phase. The discontinuous 

phase is usually harder and stronger than the continuous phase and is called the „reinforcement, whereas the 

continuous phase is termed as the „matrix‟.  

 

1.5 Classification of Composites 

Composite materials can be classified in different ways [68]. Classification based on the geometry of a 

representative unit of reinforcement is convenient since it is the geometry of the reinforcement which is 

responsible for the mechanical properties and high performance of the composites. The two broad classes of 

composites are: 

1.5.1 Based on Matrix Material  

 Metal Matrix Composites (MMC) 

 Polymer Matrix Composites (PMC) 

 

1.5.2 Based on Reinforcing Material Structure  
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 Particulate Composites 

Hard particles dispersed in a softer matrix increase wear and abrasion resistance.  

Soft dispersed particles in a harder matrix improve machinability. Composites with high electrical conductivity 

matrices (copper, silver) and with refractory dispersed phase (tungsten, molybdenum) work in high temperature 

electrical applications.  

When dispersed phase of these materials consists of two-dimensional flat platelets (flakes) which are laid 

parallel to each other, material exhibits anisotropy (dependence of the properties on the axis or plane along 

which they were measured 

 Fibrous Composites 

Dispersed phase in form of fibers (Fibrous Composites) improves strength, stiffness and Fracture Toughness of 

the material, impeding crack growth in the directions normal to the fiber.  

Effect of the strength increase becomes much more significant when the fibers are arranged in a particular 

direction (preferred orientation) and a stress is applied along the same direction.  

 Laminate Composites 

Laminate composites consist of layers with different anisotropic orientations or of a matrix reinforced with a 

dispersed phase in form of sheets.  

 

1.6 Why a Composite? 

Over the last thirty years composite materials, plastics and ceramics have been the dominant emerging materials. 

The volume and number of applications of composite materials have grown steadily, penetrating and conquering 

new markets relentlessly. Modern composite materials constitute a significant proportion of the engineered 

materials market ranging from everyday products to sophisticated niche applications. 

Unlike conventional materials (e.g., steel), the properties of the composite material can be designed considering 

the structural aspects. The design of a structural component using composites involves both material and 

structural design. Composite properties (e.g. stiffness, thermal expansion etc.) can be varied continuously over a 

broad range of values under the control of the designer. Whilst the use of composites will be a clear choice in 

many instances, material selection in others will depend on factors such as working lifetime requirements, 

number of items to be produced (run length), complexity of product shape, possible savings in assembly costs 

and on the experience & skills the designer in tapping the optimum potential of composites.  

 

1.7 Applications of MMCs 

Aluminum Matrix Composites (MMC) are used for manufacturing automotive parts (pistons, pushrods, brake 

components), brake rotors for high speed trains, bicycles, golf clubs, electronic substrates, cores for high voltage 

electrical cables, aeronautical and aerospace components.  

 

1.8 Aluminum Metal Matrix Composites (MMC) 

This is the widest group of Metal Matrix Composites.  

Matrices of Aluminum Matrix Composites are usually based on aluminum-silicon (Al-Si) alloys and on the 

alloys of 2xxx , 6xxx and 7xxx series. 

1.9 Heat Treatable 2XXX Series Aluminum Alloys 

http://www.substech.com/dokuwiki/doku.php?id=classification_of_composites#fibrous_composites
http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram
http://www.substech.com/dokuwiki/doku.php?id=fracture_toughness
http://www.substech.com/dokuwiki/doku.php?id=classification_of_composites#laminate_composites
http://www.substech.com/dokuwiki/doku.php?id=wrought_aluminum-silicon_alloys_4xxx
http://www.substech.com/dokuwiki/doku.php?id=wrought_aluminum-copper_alloys_2xxx
http://www.substech.com/dokuwiki/doku.php?id=wrought_aluminum-magnesium-silicon_alloys_6xxx
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Table 1: Standard Alloy Designation 

 
 

 

 

 

 

 

 

 

Copper is the principal alloying element, though 

other elements (Magnesium) may be specified. These alloys require solution heat treatment to obtain optimum 

properties; in the solution heat-treated condition, mechanical properties are similar to, and sometimes exceed, 

those of low-carbon steel. In some instances, precipitation heat treatment (aging) is employed to further increase 

mechanical properties. This treatment increases yield strength, with attendant loss in elongation; its effect on 

tensile strength is not as great. The alloys in the 2xxx series do not have as good corrosion resistance as most 

other aluminum alloys, and under certain conditions they may be subject tointergranular corrosion.  Alloys in 

the 2xxx series are good when some strength at moderate temperatures is desired.  These alloys have limited 

weldability, but some alloys in this series have superior machinability. 

 

II. MATERIAL SELECTION 

2.1 Matrix Material 

One very crucial issue to consider in selection of the matrix alloy composition involves the natural dichotomy 

between wettability of the reinforcement and excessive reactivity with it [39]. Good load transfer from the 

matrix to the reinforcement depends on the existence of a strongly adherent interface. In turn, a strong interface 

requires adequate wetting of the reinforcement by the matrix. However, the attainments of wetting and 

aggressive reactivity are both favored by strong chemical bonding between the matrix and reinforcement. 

Adjusting the chemical composition to accomplish this delicate compromise is difficult as many subtleties are 

involved. To illustrate the complexity, several examples concerning alloying additions to aluminum matrix 

metal relative to Silicon carbide whiskers, Boron reinforced and Graphite reinforced aluminum composites and 

the effect of insidious impurities from various origins have been documented by numerous investigators 

[11,18].As a rule of alloying element addition, the added element should not form intermetallic compounds with 

the matrix elements and should not form highly stable compounds with the reinforcements. The best properties 

can be obtained in a composite system when the reinforcement whiskers or particulates and matrix are as 

physically and chemically compatible as possible. Special matrix alloy compositions, in conjunction with unique 

whisker coatings, have been devised to optimize the performance of certain metallic composites [14]. 

 

 

 

2.2 Why Al Matrix Selection? 

Alloy series Detail 

1XXX 99% Pure Aluminium 

2XXX Cu containing alloy 

3XXX Mn containing alloy 

4XXX Si containing alloy 

5XXX Mg containing alloy 

6XXX Mg and Si containing alloy 

7XXX Zn containing alloy 

8XXX Other alloys 
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Now a day‟s researchers all over the world are focusing mainly on aluminum [54] because of its unique 

combination of good corrosion resistance, low density and excellent mechanical properties. The unique thermal 

properties of aluminum composites such as metallic conductivity with coefficient of expansion that can be 

tailored down to zero, add to their prospects in aerospace and avionics. The choice of Silicon Carbide as the 

reinforcement in aluminum composite is primarily meant to use the composite in missile guidance system 

replacing certain beryllium components because structural performance is better without special handling in 

fabrication demanded by latter‟s toxicity [62]. Recently aluminum-lithium alloy has been attracting the attention 

of researches due to its good wettability characteristics [14]. 

 

2.3 Reinforcement 

The selection of reinforcement depends on the type of reinforcement, its method of production and chemical 

compatibility with the matrix & the various aspects of the reinforcement materialsuch as Size,Shape,Surface 

morphology,Structural defects,Surface chemistry,Impurities.Even when a specific type has been selected, 

reinforcement inconsistency will persist because many of the aspect cited above in addition to contamination 

from processing equipment and feedstock may vary greatly [46,52].  

Rohatgi and co-workers [1, 12, 42] have studied mica, alumina, silicon carbide, clay, zircon, and graphite as 

reinforcements in the production of composites. Numerous oxides, nitrides, borides and carbides were studied 

by Zedalis et al. as reinforcements for reinforcing high temperature discontinuously reinforced aluminum 

(HTDRA). It has been inferred from their studies that HTDRA containing TiC TiB2, B4C, Al2O3, SiC exhibit 

the highest values of specific stiffness. 

It is proven that the ceramic particles are effective reinforcement materials in aluminum alloy to enhance the 

mechanical and other properties [13,36]. The reinforcement in MMCs are usually of ceramic materials, these 

reinforcements can be divided into two major groups, continuous and discontinuous. The MMCs produced by 

them are called continuously (fiber) reinforced composites and discontinuously reinforced composites.  

 

2.4 Continuous fiber reinforcement 

According to T.W.Chou et al.  [67] the term fiber may be used for any material in an elongated form that has a 

minimum length to a maximum average transverse dimension of 10:1, a maximum cross sectional area of 

5.1X10-4 cm2 and a maximum transverse dimension of 0.0254 cm. Continuous fibers in composites are usually 

called filaments, the main continuous fibers includes boron, graphite, alumina and silicon carbide. 

The advantage of discontinuous fibers is that they can be shaped by any standard metallurgical processes such as 

forging, rolling, extrusion etc. 

 

2.5 Short fibers 

Short fibers are long compared to the critical length (lc = d Sf / Sm where d is the fiber diameter, Sf is the 

reinforcement strength and Sm is the matrix strength) and hence show high strength in composites, considering 

aligned fibers. Nevertheless, misoriented short fibers have been used with some success as AMC (Aluminum 

Matrix Composite) reinforcement [7,35]. Short fibers are still used mainly for refractory insulation purposes due 

to their low strength compared with others, but they are cheaper than fiber and whisker 

2.6 Whiskers 
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Whiskers are characterized by their fibrous, single crystal structures, which have no crystalline defect. The 

relative freedom from discontinuous means that the yield strength of a whisker is close to the theoretical 

strength of the material. 

Presently, silicon carbide whisker reinforcement is produced from rice husk, which is a low cost material. The 

physical characteristics of whiskers are responsible for different chemical reactivity with the matrix alloy [19].  

 

2.7 Particulates 

Particulates are the most common and cheapest reinforcement materials. These produce the isotropic property of 

MMCs, which shows a promising application in structural fields. Initially, attempts were made to produce 

reinforced Aluminum alloys with graphite powder [68], but only low volume fractions of reinforcement had 

been incorporated (<10%). Presently higher volume fractions of reinforcements have been achieved for various 

kinds of ceramic particles (oxide, carbide, nitride). The SiC particulate- reinforced aluminum matrix composites 

have a good potential for use as wear resistant materials. Actually, particulates lead to a favorable effect on 

properties such as hardness, wear resistance and compressive strength. The choice of reinforcement is not as 

arbitrary as this list of composites might suggest, but is dictated by several factors [14]. 

 

2.8 Aluminum Matrix Composites  

Aluminum Matrix Composites (MMC) is reinforced by Alumina (Al2O3) or silicon carbide (SiC) particles 

(particulate Composites) in amounts 15-70 vol%; Continuous fibers of alumina, silicon carbide, Graphite (long-

fiber reinforced composites); Discontinuous fibers of alumina (short-fiber reinforced composites); 

Aluminum Matrix Composites are manufactured by the following fabrication methods: 

1. Powder metallurgy(sintering); 

2. Stir casting; 

3. Infiltration. 

The following properties are typical for Aluminum Matrix Composites: 

 High strength even at elevated temperatures; High stiffness (modulus of elasticity); 

 Low density; High thermal conductivity; 

 Excellent abrasion resistance. 

 

2.9 Mechanical Properties 

MMCs [8] and the influence of the manufacturing route on the MMC properties has also been reviewed by 

several investigators [41, 43]. Improvement in modulus, strength, fatigue, creep and wear resistance has already 

been demonstrated for a variety of reinforcements [24, 48]. Of these properties; the tensile strength is the most 

convenient and widely quoted measurement and is of central importance in many applications 

 

2.10 Microstructure 

The most important aspects of the microstructure is the distribution of the reinforcing particles, and this depends 

on the processing and fabrication routes involved.  

During subsequent pouring of the composite melt, the particle content may vary from one casting to another or 

even it can vary in the same casting from one region to another. Therefore uniform distribution of the particles 

http://www.substech.com/dokuwiki/doku.php?id=classification_of_composites#particulate_composites
http://www.substech.com/dokuwiki/doku.php?id=graphite
http://www.substech.com/dokuwiki/doku.php?id=classification_of_composites#fibrous_composites
http://www.substech.com/dokuwiki/doku.php?id=classification_of_composites#fibrous_composites
http://www.substech.com/dokuwiki/doku.php?id=classification_of_composites#fibrous_composites
http://www.substech.com/dokuwiki/doku.php?id=solid_state_fabrication_of_metal_matrix_composites#sintering
http://www.substech.com/dokuwiki/doku.php?id=liquid_state_fabrication_of_metal_matrix_composites#stir_casting
http://www.substech.com/dokuwiki/doku.php?id=liquid_state_fabrication_of_metal_matrix_composites#infiltration
http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram
http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram
http://www.substech.com/dokuwiki/doku.php?id=physical_properties_of_metals#thermal_conductivity
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in the melt is a necessary condition for uniform distribution of particles in the castings. The properties of 

composites are finally dependent on the distribution of the particles. Hence the study of the distribution of the 

particles in the composite is of great significance. Several investigators [52,62] have examined the fracture 

samples of different metal matrix composites; it was observed that the fracture occurred mainly through the 

matrix in a ductile manner. 

 

III. PRODUCTION OF MMCs 

 

Jasmi Hashim et al.  (2007) [27] proposed modified stir casting method to remove various deficiencies of 

normal stir casting process. In a normal practice of stir casting technique, cast metal matrix composites (MMC) 

is produced by melting the matrix material in a vessel, then the molten metal is stirred thoroughly to form a 

vortex and the reinforcement particles are introduced through the side of the vortex formed. From some point of 

view this approach has disadvantages, mainly arising from the particle addition and the stirring methods. During 

particle addition there is undoubtedly local solidification of the melt induced by the particles, and this increase 

the viscosity of the slurry. A top addition method also will introduced air into the slurry which appears as air 

pockets between the particles. 

Rajan et al.  (2007) studied the effect of three different stir casting techniques on the structure and properties of 

fly ash particles reinforced Al-Si -Mg alloy composite. Among liquid metal stir casting, compo-casting (semi-

solid processing), and modified compo- 32 casting followed by squeeze casting routes were evaluated. Modified 

compo casting  resulted in a uniformly distributed and porosity-free fly ash particle-dispersed composites.  

Jayaseelan et al.  (2010) [63] compared the extrusion characteristics of Al-SiC  produced by two methods 

namely powder metallurgy & stir casting. Stir cast specimens exhibited finer microstructure & high hardness as 

compared to specimens produced by powder metallurgy. They also possessed higher strength. 

Alaneme & Aluko (2012) studied the double stir-casting method to cast the Al (6063) scrap billets and silicon 

carbide in order to produce 3, 6, 9 and 12 % by volume of SiC reinforcements in the composite. The Al (6063) 

billets were charged into the furnace and melting was done till a temperature of 750°C was attained. The melt 

was then allowed to cool to 600°C. They found that this stage, the silicon carbide and dehydrated borax mixture 

was added into the melt and mixture was stirred for about 20 minutes.  

Gopalakrishnan & Murugan (2012) drew attention to production of Metal matrix composite (MMC) by 

enhanced stir-casting method for improved specific strength, high temperature and wear resistance application. 

Al-TiCp composite is having a good potential and the composite was produced in an argon atmosphere by using 

an enhanced stir-casting method. The specific strength of the composite increased with addition of higher % of 

TiC.  

Naher et al.  (2004) produced Al-SiC composites by using liquid and semi solid stir-casting technique.Stirring 

speed ranged from 200 to 500 rpm. 10% volumes of 30 micrometer diameter sized SiC particles were used. The 

main aim was to produce a uniform distribution of SiC in the aluminium matrix. Faster solidification, after 

ceasing of mixing improved the uniformity of the SiC distribution significantly.  

Nabil Fat Halla et al.  (1988) [45]  compared the microstructure and mechanical properties of modified and non-

modified stir-cast commercial aluminium alloys A-S7G03 and A-S4G. This stir-cast structure slightly improved 

the mechanical properties in comparison to those of conventionally cast alloys, however the fracture of the stir-
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cast alloys revealed intergranular brittle fracture. The addition of 0.02% strontium, in the form of AI-5 mass% 

Sr master alloy, during stir casting modified the eutectic silicon into a very fine spheroidal morphology, while 

the phase particle showed the same morphology as the stir-cast alloys. This novel structure resulted in 

significant improvement of mechanical properties. The elongation of the modified stir-cast alloys was five times 

greater than that of the non-modified one.  

Among various manufacturing methods, stir casting is one of the low cost and efficient method to produce a 

composite. Among various surface finishing processes.  

 

IV. STIR CASTING 

 

The chosen four blade stirrer from the cold model study is connected to a 15 mm diameter hollow steel shaft. 

Inside the hollow shaft a rod of diameter 5 mm is concentrically placed The bottom end of the rod is attached to 

a tapered graphite plug. The mating hole is drilled in the crucible. Initially the shaft is placed at a level above the 

top surface of the crucible and the rod consisting plug closes the hole. After the Matrix material melts, the melt 

will be stirred at 500 rpm and then the reinforcement will be introduced in the vortex. The stirring is continued 

for about 3-4 min.  

 

V. CONCLUSIONS 

 

The literature survey shows that variety of work has been done to improve properties of Aluminum Metal 

Matrix Composites reinforced with particulate Silicon carbide .Also characterization of the produced MMCs 

presentedin the survey clearly shows the advantage of enhanced properties of these composites and that‟s why 

newer and newer applications of these materials will come to fore in the future. 
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ABSTRACT 

Orthogonal frequency Division Multiplexing (OFDM) is a type of multicarrier modulation technique (MCM) in 

which higher data stream is divided into a number of lower data streams and transmitted over a large number 

of subcarriers. Various digital modulations techniques can be combined with OFDM for enhancing the 

performance of OFDM system. This paper focuses the MATLAB simulink model of BPSK, QPSK and QAM 

based OFDM system which calculates the BER. A comparative study of bit error rate (BER) under normal 

AWGN channel has been done among various digital modulation techniques of OFDM using MATLAB Simulink 

model.  

 

Keywords: Bit error rate (BER), Multicarrier modulation (MCM), MATLAB, Simulink. 

 

I. INTRODUCTION 

 

As the customer in today‟s world not only requires the mobile phone to be connected to other network, they 

require multimedia services (like data, audio, video) and want everything to be connected to single network. It 

can be possible only if the lower data rate can be converted into higher data rate. OFDM technique is the 

solution. In OFDM technique, higher data rate is divided into number of lower data rate and are transmitted 

simultaneously over a large number of subcarriers. OFDM is a type of multi-carrier modulation (MCM) 

technique which transmits signals through multiple carriers. These multiple carriers (subcarriers) have different 

frequencies and all subcarriers are orthogonal to each other [5]. It is used in both wired (ADSL) and wireless 

communications (wireless LAN). 

As there is a demand for higher data rate and it can be possible only by using OFDM systems. As Bandwidth is 

efficiently used in OFDM system and interference among carriers is also less (as orthogonal subcarrier are 

used).But OFDM suffers from certain disadvantages such as higher complexity and has high peak to average 

power ratio (PAPR) and also suffers from inter-carrier interference (ICI) & intersymbol interference(ISI). The 

paper is organized into different sections. Section II gives the description of OFDM model. A brief introduction 

to BER is presented in section III. The introduction to various digital modulation techniques (BPSK, QPSK 

&QAM) and its simulation model are presented in section IV. Section V describes the Simulation analysis & 

results. Lastly the conclusion is presented in section VI. 
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II. OFDM MODEL 

 

OFDM is a type of frequency division multiplexing (FDM) in which a single channel utilizes multiple sub-

carriers on adjacent frequencies. As the sub-carriers in an OFDM system are overlapping, so it enhances the 

spectral efficiency [5]. OFDM system has less interference because of the presence of orthogonal subcarriers. So 

OFDM system is widely used in wireless communication. 

 

Figure1 Block Diagram of OFDM Model 

The block diagram of OFDM model is shown in Figure 1.In this figure 1, the serial data from the source is first 

converted into parallel form and then the modulation (mapping) technique is done. After mapping technique, the 

IFFT (Inverse Fast Fourier Transform) operation is performed to convert frequency domain signal into time 

domain and then the signal is passed to channel and then at the receiver end the FFT (Fast Fourier Transform) 

operation is performed to convert back the time domain signal into frequency domain and then demodulation is 

done and the recovered signal is obtained after passing it to parallel to serial converter [2]. 

 

III. BIT ERROR RATE (BER) 

 

Bit Error rate (BER) is a performance parameter which is used in digital transmission. During the transmission 

of data over a link, there is a possibility of errors being introduced into the system. Presence of errors in data 

degrades the performance of the system [3]. So for assessing the performance of digital system, bit error rate 

(BER) is used to calculate the errors. It is the rate at which errors occur in a transmission system. The bit error 

rate is given as: 

Bit Error Rate (BER) = Number of errors that occurred during transmission /Total number of transmitted bits 

BER is inversely proportional to Signal to Noise ratio. High value of signal to noise ratio (SNR) indicates small 

value of  bit error rate (BER) and has no noticeable effect on the overall system.  

In OFDM system, the bit-error-rate (BER) is severely affected by the nonlinearity of the high power amplifier 

.For low SNR value, QPSK gives better BER performance whereas QAM results are better for high SNR value. 

The bit error rate (BER) can be defined in terms of the probability of error (POE). The POE is proportional to 

Eb/No and it is a form of signal to noise ratio. BER can be affected by  
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 Lower order modulation:   Lower order modulation schemes can be used, but it results in less data 

throughput.  

 Reduce bandwidth: BER can be reduced by reducing the bandwidth. Bandwidth reduction leads to lower 

levels of noise and therefore the signal to noise ratio will improve. But it results in a reduction of the data 

throughput. 

 

IV. DIGITAL MODULATION TECHNIQUES 

 

This section deals with the various digital modulation techniques that can be used for OFDM system. They are 

BPSK, QPSK and QAM. 

 BPSK 

BPSK stands for Binary Phase shift Key. In this digital modulation two phases are generated for the two bit 

(1/0) information. For the transmission of „1‟ bit the phase shift is 0 degree and for „0‟ bit transmission, the 

phase shift is 180 degree. 

 QPSK 

It stands for Quadrature phase shift key .It is a type of Phase shift key in which two bits are send at the same 

time and two bits represents one symbol and four different phases are generated.  

 QAM 

It stands for Quadrature amplitude modulation. It is a combination of both Amplitude shift key (ASK) and phase 

shift key (PSK). 

 A comparative study of Bit Error Rate (BER) performance of the modulation techniques BPSK, QPSK and 

QAM using an OFDM transmission system has been done using simulink tool. The work is divided into 

following steps: 

i. Modeling an OFDM system with BPSK, QPSK and QAM digital modulation schemes using MATLAB 

Simulink. 

ii. System Simulation using an Additive White Gaussian noise Channel (AWGN) 

iii. Comparative analysis of BER for the simulated models. 

 

V. SIMULINK MODEL 

 

This section describes the simulation models of various digital modulation techniques used for OFDM system. 

In this model a random signal generator feeds into the digital modulation techniques (BPSK, QPSK and QAM) 

used for transmission. Then it is passed through OFDM modulator. An AWGN noise channel is introduced in 

the transmitted channel. After passing through the channel, then the signal is demodulated using various digital 

demodulation techniques and then the received signal is used to calculate the error rate for transmission process. 

MATLAB Simulink tool is used for simulation. 

 

VI.  SIMULATION RESULTS & ANALYSIS 

 

The Simulink model for BPSK, QPSK and QAM based OFDM system is shown in the figures 2, 4&6.The BER 

output of BPSK, QPSK and QAM based OFDM system is shown in figures 3, 5 & 7. 
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Figure2 Simulink Model for OFDM System Using BPSK Modulation 

 

Figure3 BER Output of OFDM System Using BPSK Modulation 

 

Figure 4 Simulink Model for OFDM System Using QPSK Modulation 
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Figure 5 BER Output of OFDM System Using QPSK Modulation 

 

Figure 6 Simulink Model for OFDM System Using QAM Modulation 

 

Figure 7 BER Output of OFDM System Using QAM Modulation 

Table1 summarize the performance of OFDM system using various digital modulation techniques (BPSK, 

QPSK and QAM) on the basis of BER calculation. 
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Table 1 BER Calculation of Various Digital Modulation Techniques 

S.NO Digital Modulation BER value 

1 BPSK based OFDM system 0.2727 

2 QPSK based OFDM system 0.3636 

3 QAM  based OFDM system 0.6363 

 

It is concluded from the table1 that BER value is less in case of BPSK modulation and higher in case of  

QAM system. As BER is inversely proportional to SNR (signal to noise ratio) so if BER is less, than the SNR is 

high and SNR is used to measure the quality of transmission channel. The high SNR ratio will easily isolate & 

eliminate the source of noise. So minimum value of BER is required to enhance the performance of OFDM 

system. 

 

VII. CONCLUSION 

 

In this paper different digital modulation technique (BPSK, QPSK&QAM) has been applied on OFDM system 

using AWGN channel. A simulation study is performed using MATLAB Simulink tool to study the BER 

performance parameter on AWGN channel. It has been found that BPSK based OFDM system has least BER 

value as compared to other digital modulation techniques. Hence the performance of BPSK based OFDM 

system is better than others. BER enhancement can be improved further in OFDM by using channel coding(such 

as cyclic or linear block codes). 
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ABSTRACT 

RF carriers are nowadays being replaced by the much faster optical carriers for Inter-Satellite links (ISLs).Use 

of optical carriers instead of the conventional RF carriers enables high data rate upto several Gbps to be 

transmitted. The focus of this paper is the performance analysis of IS-OWCs (Intersatellite-Optical Wireless 

Channel). The choice of transmitting wavelength is significant. Though 1550nm gives a lower Q-factor of 18.22, 

it is more robust against scattering. The length of OWC directly affects the Q-factor. 10 Mbps cannot be 

transmitted beyond a distance of 3000 km as the Q-factor decreases to 5.22. 

 

Keywords: Inter-Satellite Link (ISL), Optical Wireless Channel (OWC), Transmitting Wavelength, 

Bit-Rate, Q-Factor. 

 

I. INTRODUCTION  

 

Inter-Satellite links (ISLs) are used to provide connections between earth stations in the service area of one 

satellite to earth stations in the service area of another satellite when neither of the satellites covers both sets of 

earth stations. There are two different links possible: radio and optical links depending on the mass and power 

consumed. Radio links are more advantageous for low throughputs (less than 1 M bit/s). Optical links are 

preferred for high capacity links (in Gbps) [1].Z.Sodnik et.al [2] have discussed the notable achievements in 

optical inter-satellite communications. The European Space Agency (ESA) and Japanese Space Agency (JAXA) 

have been very active in this field. Several experiments conducted have proved the reliability and feasibility of 

optical links for ISLs. The success of SILEX (Semiconductor laser Inter-satellite Link Experiment) has made 

ESA a world leader in optical inter-satellite links.  This paper focuses on different transmitter wavelength and 

data rates and their impact on the performance of the ISL for Optical Wireless Channel (OWC). This paper aims 

to find the most suitable transmitting wavelength and the maximum channel length for different data rates for 

ISLs.The simulation model with the necessary parameters is presented in section II. The performance for 

various modulation types have been investigated using the Q-factor, the results and discussion is presented in 

section III. Finally, section IV concludes the paper findings. 

 

 

 

II. SYSTEM MODELLING  
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The ISL link for Optical Wireless Channel (OWC) has been modelled using OptiSystem v9 software. The 

arrangement is as shown in Fig 1.The system consists of a transmitter, OWC (Optical Wireless Channel) and a 

receiver section. A CW laser with input power of 10dBm is considered .It is externally modulated by MZ 

modulator. The OWC channel consists of a pair of telescope lenses and the free space channel between them. 

The major loss of signal power is due to the free space path loss of the channel. The receiver section essentially 

consists of a photodetector, filter and 3R regenerator as shown in Fig1. 

 

Fig 1: Block Diagram of Inter-Satellite Link 

TABLE I: Static Parameters for IS -OWC System 

Parameters Value 

Input power of CW Laser 10dBm 

Wavelength 850 nm/1550nm 

Responsivity 0.8A/W 

Dark current 10nA 

Transmitter and Receiver aperture 

diameter 

15cm 

The static parameters considered in this paper are given in Table I. The OWC distances 200-5000 kms have 

been considered for simulation. The data rate is varied from 1Mbps to 10 Gbps and the resulting Q-factor is 

observed for each case. 

 

III. RESULTS AND DISCUSSION 

 

Fig. 2 shows the simulation setup for IS-OWC on Optisystem software. This paper simulates the IS-OWC and 

the performance of the link is interpreted through the Q-factor.  The data rates are varied from 1 Mbps upto 

10Gbps and distance from 200-5000kms. The subsequent effect on Q-factor is observed from the BER analyser. 

 

Fig 2: Simulation set-up for ISL 

The PSRB Generator is varied through 1Mbps, 10Mbps, 100Mbps, 1Gbps and 10Gbps. This binary bit is 

converted into NRZ format before being modulated by the Mach-Zehnder modulator. The frequency of the CW 

laser is fixed at 1550 nm and power at 10 dB. The IS-OWC consists of transmitter telescope, free space channel 
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and receiver channel. The default size of aperture diameter for transmitter and receiver telescope is 15 cm. Free 

space path loss is enabled. On the receiver side, the APD photodetector converts the optical to electrical signal 

from which the original data is recovered by means of 3R regenerator. The eye diagram and Q-factor are viewed 

using the BER analyzer. 

Case 1: Effect of Transmitting wavelength on eye diagram 

In optical communication, transmitting wavelength of 850 nm and 1550 nm are commonly used. The effect of 

wavelength is observed through the eye diagram presented in Fig. 3(a) and 3(b) .The data rate and optical 

wireless channel distance are held constant at 1Gbps and 500 kms respectively. 

           

Fig 3(a): Eye Diagram for 850 nm          Fig 3(b): Eye Diagram for 1550 nm  

                                      Wavelength                                                Wavelength 

In Fig.3 (a), when a transmitting wavelength of 850 nm is used, a very high Q-factor i.e. 57.05 is obtained. In 

the case of 1550 nm, the Q-factor is reduced to 18.22 as shown in Fig.3 (b). It is, thus, observed that when the 

transmitting wavelength is higher, more bit-errors are present. However, longer wavelengths are practically 

preferred as they reduce the effect of scattering. Also, attenuation due to Rayleigh and Mie scattering is 

inversely proportional to the wavelength. Hence, 1550 nm is suitable for IS-OWC. 

Case 2: Effect of Channel length on eye diagram 

The IS-OWC length is varied from 1000km to 3000 km for a data rate of 10 Mbps.  
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Fig 4(a): Eye Diagram for Channel                  Fig 4(b): Eye Diagram for Channel  

Length of 1000 km                                     Length of 3000 km 

From Fig 4(a), it is seen that for a distance of 1000km a Q-factor achieved is 48.43 while for a distance of 3000 

km the Q-factor sharply decreases to 5.22 as seen from Fig. 4(b). This decrease in Q-factor is due to the free-

space path loss, which increases with transmission distance. 

Case 3: Max Q-factor versus distance for different bit rates 

In Fig 5, the data rate is varied from 1 Mbps to 10 Gbps. For each data rate the distance is varied through 200-

5000kms. The maximum Q-factor obtained for each case is noted from the BER analyser. It is seen that for the 

maximum distance considered i.e. 5000km, data rate greater than 1Mbps cannot be supported. 1Mbps at 

5000km gives a Q-factor of 5.96. 10 Mbps can be transmitted upto 3000km for a Q-factor of 5.55. 100Mbps at 

2000km gives a Q-factor of 14.94. 1Gbps cannot be transmitted beyond 1000km while 10Gbps may be 

transmitted over a maximum of 200km only for a Q-factor of 6.14. 

 

Fig 5: Max Q-Factor Versus Distance for Different Bit Rates 

 

IV. CONCLUSIONS 

 

The goal of this paper was to analyze the performance of the Inter-satellite link for OWC based on different 

parameters. It is found that the most suitable wavelength for transmission over OWC is 1550nm. The results 
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show that 1550nm wavelength for OWC achieves a Q-factor of 18.22 for data rate of 1Gbps at 500kms. The 

maximum possible data rates for different channel lengths were also investigated. For a distance of 200km, a 

maximum data rate of 10Gbps corresponding to Q-factor of 6.14 may be supported. However, only 1Mbps may 

be transmitted when the channel length is 5000km. 
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ABSTRACT 

The present study has been made to evaluate the current status of physio-chemical contaminants and 

groundwater forms the major source of drinking water supply in the municipal area of Erode city. The city 

depends on the Cauvery River and ground water resources for their domestic, agricultural and industrial 

purpose. Urbanization and industrialization leads to disposal of solid waste, textile effluent and sewage which 

contaminate the ground water resources in this area.  Ten water samples were collected from ten different 

locations in Erode city during January 2012. Their physio-chemical characteristics such as pH, turbidity, 

electrical conductivity (EC), total dissolved solids (TDS), total hardness (TH), calcium (Ca
2+

), magnesium 

(Mg
2+

), sodium (Na
+
), potassium (K

+
) and iron (Fe) are analysed and the result is compared with the BIS 

standards and WHO standards of drinking water quality. The study indicates that groundwater near Erode area 

are not fit for human with consider to many parameters. 

 

Keywords: Physio-Chemical Analysis, Ground Water Samples, Drinking Water Quality Parameters 

 

I. INTRODUCTION 

 

Erode city is a municipal corporation, the head quarter of Erode district which is located on the bank of Cauvery 

River in Tamil Nadu. The city is well known for handlooms, power loom textile products and readymade 

garments. The study area covers an area of about 118 km
2
 and lies within the latitudes of 11°16’00’’N to 

11°22’30”N and 77°41’30”E to 77°46’30”E  of longitudes. The city depends on Cauvery River and groundwater 

resources for their domestic, agricultural and industrial purposes. The annual average rainfall in the area 

receives about 700 mm and the average temperature varying from 20ºC to 39ºC. The area is underlain by 

granitic rocks. This area depends on Cauvery River for its drinking water supply. In addition to Cauvery River 

water, people in this region also depend on the groundwater resources for their domestic, agricultural and 

industrial needs. During the last two decades, Erode has gone through rapid industrialization and population 

growth, though it is an agricultural area. Industrialization, urbanization and improper disposal are causing 

pollution, especially groundwater contamination in the area of concern. Textile dyeing and agriculture are the 

major activity in this area (K.Ramesh et al., 2013). 

Water is a most precious and important natural resource on the earth. Water is an universal solvent, so it has 

capability to dissolve nearly all natural compounds. The safe potable water is absolutely essential for human 

living. Groundwater is ultimate and most suitable for fresh water resource for human consumptions in both 
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urban and rural areas. The importance of groundwater for existence of human society cannot be 

overemphasized. There are several states in India where more than 90% populations are dependent on 

groundwater for drinking and other purposes. Ground water is the main source for rural water supply as well as 

for irrigation purposes. The quality of ground water from the phreatic aquifers in the canal command areas is 

good and can be used for domestic purposes whereas in other parts it is highly mineralised and found unsuitable 

for drinking purposes. The quality of the shallow aquifers in and around the textile, bleaching and dyeing units, 

which use a wide variety of chemicals and dyes at Erode, Bhavani and Chennimalai and their environs are 

highly polluted due to the indiscriminate discharge of untreated effluents in the nearby low lying lands and 

rivers and found unsuitable for all purposes (M.Ravikumar et al., 2011).  

 

II. MATERIALS AND METHODS 

2.1 Study Area 

Erode district predominantly agrarian in nature is emerging gradually but steadily as industrially promising 

district. The district lies between the latitudes 10°36’ N and 11°58’ N and longitudes 76°49’ E and 77°58’ E and 

171.91 meters above mean sea level. It has an area of 8162 km
2
 accounting for 6.3% of the total area of the 

state. The town is situated on the bank of river Cauvery. Due to urbanization, industrialization and increase in 

population the environment in erode district is getting polluted day by day. 

 

2.2 Collection of Water Samples 

Ground water samples were collected from 12 open wells and bore wells at various locations in the study area 

during December 2014. Ground water sample were collected in white polythene container of two litre capacities 

as per standard procedure. The samples should reach the lab within 24 hours from the time of collection.  

 

2.3 Analysis 

Ground water sample was analyzed to determine the hydrogen ion concentration (pH) and electrical 

conductivity (EC) was measured using pH and EC meter. Total Dissolved Solids (TDS) were computed by 

multiplying the EC by a factor 0.7. Carbonate (CO3) and bicarbonate (HCO3) were estimated by titrating with 
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H2SO4. Total Hardness (TH) as CaCO3 and Calcium (Ca) were analyzed titrimerically, using standard EDTA. 

Magnesium (Mg) was calculated from the TH and Ca. Sodium (Na) and potassium (K) were measured by a 

flame photometer, Chloride (Cl) was estimated by standard AgNO3 titration, sulphate (SO4), nitrate (NO3) were 

analyzed using a colorimeter. The results were compared to WHO and BIS standards. 

 

III. RESULT AND DISCUSSION 

 

pH: The water samples ranged from 7.21 to 8.75. Almost all the sites show that pH is slightly alkaline 

which is within the permissible limit except the sample stations S4, S5, S7, S9 and S10 shown in fig.1. If 

pH values are higher than the permissible limit, this will affect adversely alkalinity of soils, microbial 

life and corrosion rate. The turbidity ranged from 0 to 1 and these values were found to be within the 

limits shown in table.1 

Electrical conductivity: The values were found to vary from 1072 to 7098µmhos/cm, which are 

quite higher than the limits of the prescribed standards (1500µmhos/cm) as recommended by WHO 

except samples S2, S3, S5, S6, S7, S8 shown in fig.2. 

Total hardness: The samples ranged from 176 to 680mg/L shown in fig.3. On the basis of total 

hardness, water samples analysed can be classified as soft (0-70mg/L), moderately hard (75-

150mg/L), hard (150-300mg/L) and very hard (above 300mg/L). Hence, it was observed that the 

samples S1, S4, S9, S10 are hard and S2, S3, S5, S6, S7, S8 are very hard. 

Total dissolved solids: Total dissolved solids were observed in the range of 751 to 4968mg/L (fig.4) 

and these values exceed the limit as prescribed by IS:10500-1983. The samples which have high 

values of TDS are unsuitable for drinking and irrigation. These samples may affect the soil porosity. 

Calcium: Calcium ranged from 38 to 184mg/L and these values are above the desirable limit of 

75mg/L except the samples S4, S9 and S10 shown in fig.5. The magnesium values ranged from 17-

60mg/L. Magnesium values are higher than the prescribed standard value of 30mg/L except the 

samples S2, S3, S4, S6, S7, S8, S10. The concentration of iron ranged from 0.06-0.27mg/L and the values 

are within the limits. 

Sodium: The values varied from 140-360mg/L and these samples S2, S5, S6 and S7 are with higher 

sodium values shown in fig.6 than the standard values (200mg/L) as prescribed by WHO. Potassium 

ranges from (6-120mg/L). These minerals, however, are insoluble so that the potassium levels in 

ground waters are normally much lower than the sodium concentration. 
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Table.1 Physio-chemical analysis of ground water samples 

 

 

Parameters 

 

 

Unit 

Station 

S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

pH - 7.45 7.21 7.42 8.08 8.04 7.80 8.19 7.67 8.73 8.11 

Turbidity NTU 1 0 1 0 0 0 0 0 0 0 

EC 

µs/c

m 1198 2313 1759 1190 4098 2601 2139 2252 1072 1403 

TDS mg/L 839 1619 1231 833 2968 1921 1497 1576 751 982 

TH mg/L 248 580 324 272 440 680 420 556 176 280 

Ca
2+

 mg/L 58 148 77 56 144 184 100 120 42 38 

Mg
2+

 mg/L 25 50 32 32 19 53 47 60 17 44 

Na
+
 mg/L 148 256 200 140 360 292 240 248 140 196 

K
+
 mg/L 16 20 84 6 120 18 84 28 15 14 

Fe mg/L 0.11 0.09 0.06 0.14 0.08 0.11 0.13 0.20 0.06 0.27 
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IV. CONCLUSION 

 

A study of the groundwater quality analysis of Erode city shows that it is not fit for drinking purposes with 

respect to the highly pollution of groundwater. The groundwater sources, once get polluted, the effects of the 

pollutants may persist for longer duration. Ground water forms the major source of drinking water supply in the 

municipal area of Erode city. Hence, people consuming it are prone to health hazards. Therefore, an effective 

water quality management plan is needed for the Erode district. Also, an attempt is made to improve the 

groundwater quality in Erode city. 
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