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Abstract: Metal Matrix Composites are the ground-breaking materials that possess unrestrained opportunities
for modern material science and development. These materials satisfy the desired conceptions, objectives and
requisites of the designer. The reinforcement of metals can have many different objectives. Reinforcements for
metal matrix composites have a diverse demand outline, which is determined by production and processing and
by the matrix system of the composite material. The reinforcement of light metals will have profuse prospect of
application areas where weight reduction has first priority. This material group becomes motivating for the
utilization as constructional and functional materials, if the property contour of the conventional materials
either does not arrive at the increased standards of explicit demands, or is the solution of the problem.
However, the appreciative technology of MMCs is in competition with other modern material technologies. In
the present scenario, researchers and scientists are fascinated and involved in exploring new developments
pertaining to metal matrix composite materials. Numerous scientists and researchers have carried out an
extensive research work on mechanical and tribological behaviours of composite materials because of
appreciative and advantageous properties. In present circumstances, Metal Matrix Composites are primarily
important for military, automotive and aerospace applications. In the research work, Aluminium based
composites reinforced with Silicon Carbide and Graphite particles have been prepared by stir casting
technique.

Key words: Metal Matrix Composites, Material Science, Diverse Demand, Reinforcement, Researchers,
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1. INTRODUCTION

A composite material is a macroscopic combination of two or more dissimilar materials having an
identifiable interface between them. A composite material exhibits a significant proportion of the properties of
both constituent phases such that a superior combination of properties is realized. Composite materials
comprises of two phases: one is the matrix, which is continuous and surrounds the other phase, often called the
dispersed phase or reinforcement [1]. The main purpose of the reinforcement is to offer strength and stiffness to
the composite. A matrix is used to bind the reinforcement together by virtue of adhesive and cohesive
characteristics, and provides a solid form to the composite material. The matrix strongly holds the
reinforcements in proper orientation and position and distributes the loads consistently among the
reinforcements. The matrix material surrounds and supports the reinforcement materials by maintaining their
comparative proportions. The reinforcements impart their exceptional mechanical and physical properties to
augment the matrix properties. A synergism produces material properties unavailable from the individual
constituent materials, while the wide assortment of matrix and intensifying materials allows the designer of the
product or structure to choose a most favourable condition [2, 3].

Modern composite materials are typically optimized to accomplish a proper balance of properties for a
given range of applications [4]. Given the widespread range of materials that may be considered as composites
and the broad range of uses for which the composite materials may be designed, it is difficult to concur upon a
single, logical and practical definition. However, as a widespread practical definition, composite materials may
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be limited to focus those materials that contain a continuous matrix constituent that binds together and provides
to a succession of a stronger, stiffer reinforcement constituent. The resulting composite material has a balance of
structural properties that is superior to other constituent material alone [5].

Metal Matrix Composites are normally distinguished by characteristics of the reinforcement namely
particle reinforced MMCs, short fiber or whisker reinforced MMCs and continuous fiber or layered MMCs.
Metal Matrix Composites (MMCs) covers an extensive range of materials to simple reinforcements of castings
with low cost refractory wool, to complex continuous fires lay-ups in foreign alloys. The properties of MMCs
are controlled and supported by the matrix, the reinforcement and the interface. The characteristics of metal
matrix composites are determined by their microstructure and internal interfaces, which are influenced by their
production and thermal mechanical prehistory. The microstructure covers the structure of the matrix and the
reinforced phase. The chemical composition, grain or sub-grain size, texture, precipitation, behavior and lattice
defects are important to the matrix. The second phase is characterized by its percentage of volume, variety, size,
distribution and orientation. Local varying internal tension due to the thermal expansion behavior of the two
phases is an additional influencing factor [2]. The reinforcement is very noteworthy because it is accountable for
the estimation and optimization of mechanical properties, cost and performance of a given composite. In
particular, many of the considerations arising due to fabrication, processing and service performance of
composites are related exclusively to the metallurgical aspects that take place in the interfacial region between
matrix and reinforcement [3, 4, and 5].

The objective of developing these composite materials is to agglomerate the desirable properties of
metal and particulates. Metal Matrix Composites consists of at least two chemically and physically distinct
phases, rightfully distributed to provide properties not accessible with either of the individual phases. For many
researchers, MMCs is often associated with the term light metal matrix composites. Substantial growth in the
development of MMCs has been achieved in decent decades, so that they could be introduced into the most
essential applications [3, 5]. Among the various existing matrix materials, Aluminum and its alloys are mostly
used in the fabrication of these materials. Aluminium based MMCs with different reinforcements namely
Silicon Carbide, Aluminium Oxide, Zircon, Graphite and Mica have been important because of the possibilities
of these amalgamations in producing exceedingly productive composites. Aluminum-Silicon Carbide and
Aluminium-Graphite particulate MMCs are principally produced by solidification techniques which generally
represent a category of economical tailor-made materials for a variety of applications in engineering such as
automotive components, bushes and bearings. Their utility has been explored in view of their highest
technological and commercial properties namely low friction coefficient and low wear rate. This has led to
remarkable curiosity in the area of research by evaluating the method of producing MMCs [6, 7].

2. LITERATURE REVIEW

The literature concerning with mainly mechanical, tribological and thermal properties have been
included, that mainly focuses on aerospace and automotive applications. The research efforts and directions
related to the present work have been identified through literature survey. The research papers concerning with
the various properties of composite materials are discussed in this section.

C G Kang et al. [8] in their paper have described the one-dimensional heat-transfer analysis during
centrifugal casting of aluminum alloy and copper base metal matrix composites containing Al,05, SiCp, and
graphite particles. The model of the particle segregation has been calculated by varying the volume fraction
during centrifugal casting, and a finite difference technique has been adopted. The results indicated the thickness
of the region in which dispersed particles are segregated due to the centrifugal force is strongly influenced by
the speed of rotation of the mold, the solidification time, and the density difference between the base alloy and
the reinforcement. This study also indicated the presence of particles increases the solidification time of the
casting.

J. Zhang et al. [9] have investigated the effect of Silicon Carbide and Graphite particulates on the
resultant damping behavior of 6061 Al metal matrix composites to develop a high damping material. The
microstructural analysis has been performed using scanning electron microscopy, optical microscopy and image
analysis. It was shown that the damping capacity of Al 6061 could be significantly improved by the addition of
either Silicon Carbide or graphite particulates through spray deposition processing.

M. L. Ted Guo et al. [10] in their research paper have studied the tribological behavior of self-
lubricated Aluminium/Silicon Carbide/Graphite hybrid composites with various amount of graphite addition
synthesized by the semi-solid powder densification (SSPD) method. It has been found that the seizure
phenomenon which occurred with a monolithic aluminium alloy did not occur with the hybrid composites. The
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amount of graphite released on the wear surface increased as the graphite content increased, which reduced the
friction coefficient. Graphite released from the composites bonded onto the wear surfaces of the counter faces.

R.F. Cooper et al. [11] in their study have presented Silicon Carbide continuous fibre-reinforced glass
and glass-ceramic matrix composites showing high strength and fracture toughness using thin-foil transmission
electron microscopy and scanning transmission electron microscopy (AEM). The exceptional mechanical
behaviour of these materials is directly correlated with the formation of a cryptocrystalline carbon (graphite)
reaction-layer interface between the fibers and the matrix. AEM results are used to comment upon a possible
mechanism for the high-temperature embrittlement behavior noted for these materials when they undergo
rupture in an aerobic environment.

L.C. Davis et al. [12] in their research thesis have explained the thermal conductivity of metal matrix
composites, which are potential electronic packaging materials, has been calculated using effective medium
theory and finite element techniques. It has been found that Silicon Carbide particles in Al must have radii in
excess of 10 pum to obtain the full benefit of the ceramic phase on the thermal conductivity. Comparison of the
effective medium theory results to finite element calculations for axisymmetric unit cell models in three
dimensions and to simulation results on disordered arrays of particles in two dimensions confirms the validity of
the theory.

S Cem Okumus, Sredar Aslan et al. [13] in their paper have studied on Thermal Expansion and
Thermal Conductivity behaviours of Al/Si/SiC hybrid composites. It clearly highlights that Aluminium-Silicon
based hybrid composites reinforced with silicon carbide and graphite particles has been prepared by liquid phase
particle mixing and squeeze casting. The thermal expansion and thermal conductivity behaviours of hybrid
composites with various graphite contents (5.0; 7.5; 10 wt.%) and different silicon carbide particle sizes (45 pum
and 53 um) has been investigated. Results indicated that increasing the graphite content improved the
dimensional stability, and there was no obvious variation between the thermal expansion behaviour of the
45 pm and the 53 um silicon carbide reinforced composites.

Na Chen, Zhang et al. [14] have reviewed on metal matrix composites with high thermal conductivity
for thermal management applications, it emphasizes that the latest advances in manufacturing process, thermal
properties and brazing technology of SiC/metal, carbon/metal and diamond/metal composites has been
presented. Key factors controlling the thermo-physical properties were discussed in detail. The problems
involved in the fabrication and the brazing of these composites were elucidated and the main focus was put on
the discussion of the methods to overcome these difficulties. This review shows that the combination of
pressure-less infiltration and powder injection molding offers the benefits to produce near-net shape composites.

3. RESEARCH SIGNIFICANCE OF HYBRID METAL MATRIX COMPOSITES

Aluminium Matrix Composites (AMCs) consists of Aluminium or its alloys as the continuous matrix
and a reinforcement that can be particle, short fiber or whisker or continuous fiber. Research and development
activities of the last decade have resulted in the evolution of a class of MMCs termed as Discontinuously
Reinforced Aluminium (DRA) composites. Particle or discontinuously reinforced AMCs have become
extremely important because they are economical when compared to continuous fiber reinforced composites and
they have relatively good isotropic properties compared to fiber-reinforced composites. These materials are
comparatively easier to manufacture than the continuously reinforced composites and have a great potential to
be available at low cost. These AMCs, which are high performance materials, have also attracted considerable
attention from automotive companies and component suppliers. Though originally aimed only at aerospace and
defense products, AMCs have progressively moved into higher volume applications. These materials employ a
metallic matrix such as Aluminium to which is added reinforcement materials such as Alumina (Al,O3) or
Silicon Carbide (SiC). The net result is a composite material with superior mechanical properties principally
with regard to density and stiffness [15, 16, 17 and 18].

The most important property of composite material is light weight and low production cost, which will
attract the researchers from all perspective. Among modern composite materials, particle reinforced Aluminium
Matrix Composites (AMCs) are finding increased application due to their mechanical properties and good wear
resistance [16]. Generally, Metal Matrix Composites possess high strength, ductility and temperature resistance
properties of metals together with high stiffness. Usually, Aluminum reinforced with Silicon Carbide possesses
superior properties namely high electrical and thermal conductivity, good wear resistance and lower thermal
expansivity. These properties provide an admirable choice for structural applications mainly concerned with
aerospace and automobile applications. Metal Matrix Composites can be designed to process the thermal
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qualities namely low coefficient of thermal expansion, high thermal capacity and high thermal conductivity that
are best suited for electronic packaging applications. A good combination of high strength and ductility of
Aluminium based metal matrix composites have shown phenomenal growth towards industrial applications. The
simplicity, flexibility and applicability of Aluminium to large scale production has benefitted engineering
application in terms of production capacity and cost efficiency [16]. Aluminium alloy based MMCs have
offered designers, researchers and scientists to comprehend the added benefits that are specifically suited for
applications requiring good strength at high temperatures, good structural rigidity, dimensional stability, light
weight and low thermal expansivity [18] .

Aluminium Matrix Composites (AMCs) are not only a single material, but a group of materials whose
stiffness, strength, density, thermal and electrical properties can be tailored for specific applications. The
applications of AMCs are being increasingly broaden in both structural and functional parts of air and land
vehicles. High quality AMCs are available in large quantities with major producers scaling up production and
promising lower prices. The rapid development of new materials have met many challenges being recognized in
automotive industries such as improving fuel economy, enhancing performance and profitability, minimizing
vehicular pollution and emissions, maintaining safety and quality. Continuous efforts are made to develop new
manufacturing techniques and processes using Aluminium alloy materials for automotive engine components
and other sophisticated applications. These materials play a dominating role by transferring the detonating
impact from the combustion chamber to the connecting rod with high thermal resistance and structural strength
[18]. In recent years, greater emphasis is given to graphite particle matrix composites, which exhibits better
mechanical, tribological and thermal properties. Aluminium Graphite composites are used expansively in a large
number of automotive components like cylinder liners, pistons and various types of brakes, air diffusers and
bushings.

4. APPLICATIONS OF HYBRID METAL MATRIX COMPOSITES

In present circumstances, Metal Matrix Composites are primarily important for military and aerospace
applications. Experimental MMC components have been developed for use in aircraft, satellites, jet engines,
missiles and National Aeronautics and Space Administration (NASA) space shuttle. The most important
commercial application of MMC is Diesel engine piston made by Toyota. It has been estimated that 3, 00,000
such pistons are produced and sold in Japan yearly. This development has become very important because it has
demonstrated that MMCs are at least not prohibitively expensive for a very cost sensitive application. Other
commercial applications include cutting tools and circuit-breaker contacts. MMCs with high specific stiffness
and strength could be used in robots, high speed machinery and high speed rotating shafts for ships and land
vehicles. The two important thermal properties namely thermal expansivity and thermal conductivity are
applicable in LASERS, precision machinery and electronic packaging.

In aerospace applications, low density attached with imperative features namely thermal conductivity
and thermal expansivity, high stiffness and strength are the principle drivers. The cost factor and performance
are the driving potential for the development of materials. The reduction in the weight of a component is a
remarkable driving force for any application in the field of aerospace engineering. In automotive engineering,
the fabrication of Diesel crown pistons is an important application of Metal matrix Composites. The use of
carbon fiber and alumina particles in an Aluminium matrix for cylinder liners is yet another application in the
field of automobile engineering.

Metal Matrix Composites are greatly beneficial compared to other composites. Hybrid MMCs are the
distinctive materials that are fabricated by reinforcements of at least two types of materials into a tough metal
matrix. These hybrid composite materials are expansively used in structural, aerospace and automotive
industries. Hybrid MMCs have greater relevance to automotive engineering concerning with piston rods, piston
pins, braking systems, frames, valve spring caps, disk brake caliper, brake disks, disk pads and shaft [15].
Presently, MMCs have the tendency to cluster around two peculiar types. The first type consists of high
performance composites reinforced with expensive continuous fibers and requires sophisticated processing
methods. The second type consists of comparatively inexpensive and low performance composites reinforced
with moderately reasonably priced particulate or fibers. The cost of the first type is expensive for any military or
space applications, whereas the second type is economical.

It has been envisaged that aircraft manufacture is not the only area in which composite materials will
produce remarkable transformations in future, it emphasizes the industrial future of composites also. The
practicable engineering materials are expected to modernize the entire aircraft industry within 5 to 10 years. In
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the present era, the technology of advanced composites has been advanced to an extent where emerging military
aircraft systems have a number of composite components in production. For next-generation aircraft, high
intensity production should utilize composites which are more competitive with metals. To satisfy these
anticipated production requirements on a cost-competitive basis, aircraft manufacturers have been investigating
needs and installing modern equipments required for a methodical conversion to extensive use of the new
material form. The advanced composite aircraft technology will effectively deal with sophisticated structures
and involve innovative manufacturing methods to fabricate composite assemblies [2].

5. FABRICATION OF HYBRID METAL MATRIX COMPOSITES

Metal Matrix Composites have evoked a keen interest in recent scenario for potential applications in
aerospace and automotive industries owing to their superior strength to weight ratio and high temperature
resistance. The widespread adoption of particulate metal matrix composites for engineering applications has
been hindered by the high cost of producing components. Although several technical challenges exist with
casting technology, yet it can be used to overcome this problem. Achieving uniform distribution of
reinforcement within the matrix is one such challenge, which affects directly on the properties and quality of
composite material. In the present research, a modest attempt has been made to develop Aluminium matrix alloy
with Silicon Carbide and Graphite reinforcements with an objective to accomplish thermal characterization of
hybrid metal matrix composites.

In the present research work, hybrid metal matrix composites has been considered, where Al 6061 is
the matrix alloy and Silicon Carbide and Graphite are the major reinforcements. Al 6061-Silicon Carbide-
Graphite hybrid metal matrix composites has been prepared by stir casting technique. Research and
development activities of the last decade have resulted in the evolution of a class of MMCs termed as
Discontinuously Reinforced Aluminium (DRA) composites. AMCs materials have captivated the attention of
researchers and manufacturers all over the world because of their outstanding properties such as high-strength-
to-weight ratio, improved wear and elevated temperature resistance and low density. These materials are
comparatively easier to manufacture than the continuously reinforced composites and have a great potential to
be available at low cost. These AMCs, which are high performance materials, have also attracted considerable
attention from automotive companies and component suppliers. Though initially aimed only at aerospace and
defence products, AMCs have progressively moved into higher volume applications.

In the research work, Al 6061 is selected as the matrix alloy and the reinforcements are Silicon Carbide
and Graphite. Table 3.1 illustrates the percentage compositions of the samples considered for the research work
with varying weight fractions.

Table 1: Percentage compositions of the hybrid metal matrix composites with varying weight fractions

Particulars Weight fraction with reinforcements
Al 6061 No reinforcements
Al 6061 + 1.25% SiC + 1.25% Graphite 1.25% Silicon Carbide and 1.25% Graphite
Al 6061 + 2.5% SiC + 2.5% Graphite 2.5% Silicon Carbide and 2.5% Graphite
Al 6061 + 3.75% SiC + 3.75% Graphite 3.75% Silicon Carbide and 3.75% Graphite
Al 6061 + 5% SiC + 5% Graphite 5% Silicon Carbide and 5% Graphite

Metal Matrix Composites can be produced by different techniques. The focus of the selection of appropriate
process engineering is the desired kind, quantity and distribution of the reinforcement, the matrix alloy and the
application. By altering the manufacturing method, the processing and the finishing, as well as by the form of the
reinforcement components, it is possible to obtain different characteristic profiles, although the same composition and
the amount of the components involved. The production of a precursor material, the processing to a construction unit or
s semi-finished material and the finishing treatment must be separated. Some of the prominent melting metallurgical
processing of composite materials recommended are pressure infiltration, squeeze casting, reaction infiltration and stir
casting [2].
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The stir casting method is extensively used among the different processing techniques available. The
simplest and most commercially used technique is the vortex or stir casting technique. Stir casting usually
involves prolonged liquid reinforcement contact, which can cause considerable interface reaction. In the present
study, the effect of Silicon Carbide and Graphite on stir cast Aluminium Metal Matrix Composites has been
discussed. 3 kg of Al 6061 alloy pieces in the sintering furnace is heated and allow the same to melt at 780°C
and care has been taken to achieve complete melting. Fig 1 shows the sintering furnace. The alloy pieces are
kept in the crucible and preheat the mould at the required temperature 750°C - 800°C. Fig 2 shows the
fabrication process using a mould box. Preheat the reinforcements Silicon Carbide and Graphite at the same
temperature range. Slag has been removed using scum powder to avoid poor quality casting and maintained at
the same temperature for about 20 minutes to remove the moisture casting. Approximately 5% weight of solid
dry hexachloro-ethane tablets or degassing tablets has been used to degas the molten metal at temperature
780°C. Figures 3 and 4 show the scum powder and degassing tablet used for the fabrication of composites.
Stirring process of the molten metal to create vortex by means of stir casting process and the temperature of
molten metal has been maintained around 750°C. The stirring of the mixture has been carried out to ensure
uniform distribution of reinforcements in the matrix material. Continuous stirring has been accomplished at the
range 400 — 750 rpm to a time of about 10 minutes. After smooth solidification process, preheat the mould to
avoid shrinkage of casting metal for about 3 hours to complete the process. Figures 5 and 6 show the mould box
and accessories used to prepare the samples based on stir casting process.

The decisive characteristic in stir casting technique is to create good wetting property between the
particulate reinforcements and allow the liquid aluminium alloy to melt. It has been reported in the literature
that, the homogeneous mixing and wetting property can be obtained by selecting appropriate processing
parameters like stirring speed, time and temperature of molten metal, preheating temperature of mould and
uniform feed rate of particles. The preheating of Silicon Carbide particles leads to the artificial oxidation of the
particle surface forming SiO,. This layer helps in improving the wettability of the particle. In order to achieve
the optimum properties of the metal matrix composites, the distribution of the reinforcements in the matrix alloy
must be uniform, the wettability or bonding between these materials should be optimized and the porosity levels
need to be minimized. Fig 1 indicates the schematic of the setup of stir casting technique.
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Fig 1. Schematic of the setup of Stir Casting unit

The principle components in the stir casting unit are:
1. Motor

2. Shaft
3. Molten Aluminum
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4. Thermocouple

5. Particle Injection Chamber
6. Insulation Hard Chamber
7. Furnace

8. Graphite Crucible

Fig 1: Sintering Furnace at Ghousia College of Engineering, Ramanagaram, Mysuru, Karnataka, India

Fig 2: Mould Box used for fabrication of composites Fig 3: Scum powder used for fabrication of composites
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Fig 4: Degassing tablet used for fabrication of composites

Fig 5: Mould box for preheating and solidification processes Fig 6: Accessories used to fabricate the composites

In a stir casting process, the reinforcing phases are distributed into molten matrix by mechanical
stirring. In 1968, S Ray introduced stir casting of metal matrix composites, by introducing alumina particles into
Aluminium melt by stirring molten Aluminium alloys containing ceramic powders. In stir casting, mechanical
stirring in the furnace is regarded to be the key element. The resultant molten alloy with ceramic particles can
then be used for the die casting. Stir casting is appropriate for manufacturing composites with up to 30% volume
fractions of the reinforcements. The cast composites are further extruded to reduce porosity, refinement of
microstructure and homogenize the distribution of the reinforcements. The prominent concern associated with
the stir casting process is the segregation of reinforcing particles which is caused by the surfacing or settling of
the reinforcement particles during the melting and casting processes. The final distribution of the particles in the
solid depends on material properties and process parameters such as wetting condition of the particles, strength
of mixing, relative density and the rate of solidification. The distribution of the particles in the molten matrix
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depends on the geometry of the mechanical stirrer, stirring parameters, positioning of the mechanical stirrer,
melting temperature and the characteristics of the particles [10, 14 and 17].

Stir casting process is mainly used for manufacturing of particulate reinforced metal matrix
composites. Manufacturing of Aluminium alloy based materials by stir casting technique is one of the most
economical methods of processing metal matrix composites. The process of stir casting, operating parameters
and processing and preparation of AMC material using Al 6061 as matrix alloy and reinforcements Silicon
Carbide and Graphite have been fabricated by varying weight fractions. Among all well-established metal
matrix composite fabrication methods, stir casting is most economical. Stir casting is currently the most
celebrated commercial method of producing aluminium based composites. The major advantages are simplicity,
litheness and applicability to large quantity production. It is also striking because, in the principle of operation,
it allows a conventional metal processing route to be used, and hence minimizes the final cost of the product.

6. CONCLUSIONS

Composites characteristically have a discontinuous fiber or particle phase that is stronger than the
continuous phase matrix. Generally, there must be a substantial volume fraction of the discontinuous phase in
order to provide reinforcement. However, composites are used for generally structural applications and the
definition can be restricted to include only those materials that contain a reinforcement supported by a matrix [2,
3 and 4]. The significance of composites as engineering materials is reflected by the fact that out of over 1600
engineering materials accessible in the market today more than 200 are composites. Composite materials which
are being extensively used in day-to-day applications play a staggering role in the manufacturing sector for the
fabrication of highly sophisticated equipments and components. Predominantly in automotive industry, Metal
Matrix Composites have been used commercially in fiber reinforced pistons and aluminum crank cases with
strengthened cylinder surfaces as well as particle-strengthened brake disk. The composite materials usually
divulge superior characteristics when compared to the characteristics of matrix material alone.

Particles Reinforced Aluminium Matrix Composites (PRAMC) have recognized supreme recognition in
electronic packaging and thermal management such as power module base plates, printed wiring board cores,
microprocessor lids or electric enclosures, for their flexible fabrication techniques, adaptable thermo-physical
properties and reliable specific mechanical properties [19]. Generally, the hybrid metal matrix composites have
higher thermal conductivity and low thermal expansion coefficient, The hybrid composites not only have the
desirable low CTEs, but also have relative low content of Silicon Carbide reinforcement compared to Al-SiCp
composites. Particle Reinforced Matrix Composites (PMMCs) possess distinct advantages over fiber reinforced
composites in terms of cost, isotropic mechanical properties and the potentiality to be processed using the
technology similar to that used for monolithic materials. Al/SiC/Graphite hybrid metal matrix composites
exhibits better and favourable thermal properties and are extensively used for aerospace application [20].

In future, composite materials will produce significant changes both in aircraft manufacture and
industries. They provide structural efficiency at lower weights than equivalent metallic structures. Advanced
composites are rapidly emerging as the primary material for the use in next-generation aircraft structures. The
technology of advanced composites has already well advanced, where all newly emerging military aircraft
systems have a number of composite components in production. For next-generation aircraft system, high-
volume production should make use of composites that are highly competitive with metals. Thus, to expand the
existing production base and prepare for the projected high-volume, cost competitive production, airframe
manufacturers must re-evaluate and upgrade their requirements, facilities and technology significantly [20].
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