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http://en.wikipedia.org/wiki/Composite_material 

 

Composite material 

 
A cloth of woven carbon fiber filaments, a common element in composite materials 

Composite materials (or composites for short) are engineered materials made from two 
or more constituent materials with significantly different physical or chemical properties 
and which remain separate and distinct on a macroscopic level within the finished 
structure. 

Background 

 
 
Plywood is a common composite material many people encounter in their everyday life 

 
 
Part of the fuselage of the Boeing 787, the first structurally all-composite fuselage from a 
major manufacturer 
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The most primitive composite materials comprised straw and mud in the form of 
bricks for building construction;. The ancient brick-making process can still be seen on 
Egyptian tomb paintings in the Metropolitan Museum of Art[1]. The most advanced 
examples perform routinely on spacecraft in demanding environments. The most visible 
applications pave our roadways in the form of either steel and aggregate reinforced 
portland cement or asphalt concrete. Those composites closest to our personal hygiene 
form our shower stalls and bath tubs made of fiberglass. Solid surface, imitation granite 
and cultured marble sinks and counter tops are widely used to enhance our living 
experiences. 

Two constituents: 

 Matrix and reinforcement. At least one portion of each type is required.  

The matrix material surrounds and supports the reinforcement materials by 
maintaining their relative positions.  

The reinforcements impart their special mechanical and physical properties to 
enhance the matrix properties.  

A synergism produces material properties unavailable from the individual constituent 
materials, while the wide variety of matrix and strengthening materials allows the 
designer of the product or structure to choose an optimum combination. Engineered 
composite materials must be formed to shape. The matrix material can be introduced 
to the reinforcement before or after the reinforcement material is placed into the 
mold cavity or onto the mold surface.  

The matrix material experiences a melding event, after which the part shape is 
essentially set. Depending upon the nature of the matrix material, this melding event can 
occur in various ways such as chemical polymerization or solidification from the 
melted state. 

A variety of molding methods can be used according to the end-item design 
requirements. The principal factors impacting the methodology are the (1) natures of 
the chosen matrix and reinforcement materials. And (2) The gross quantity of material 
to be produced.  

Most commercially produced composites use a polymer matrix material often called a 
resin solution. There are many different polymers available depending upon the starting 
raw ingredients. There are several broad categories, each with numerous variations. The 
most common are known as:  

polyester, vinyl ester, epoxy, phenolic, polyimide, polyamide, polypropylene, PEEK, and 
others.  
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The reinforcement materials are often fibers but also commonly ground minerals. 

Molding methods 
In general, the reinforcing and matrix materials are combined, compacted and processed 
to undergo a melding event. After the melding event, the part shape is essentially set, 
although it can deform under certain process conditions. For a thermoset polymeric 
matrix material, the melding event is a curing reaction that is initiated by the application 
of additional heat or chemical reactivity such as an organic peroxide. For a thermoplastic 
polymeric matrix material, the melding event is a solidification from the melted state. For 
a metal matrix material such as titanium foil, the melding event is a fusing at high 
pressure and a temperature near the melt point. 

For many molding methods, it is convenient to refer to one mold piece as a "lower" mold 
and another mold piece as an "upper" mold. Lower and upper refer to the different faces 
of the molded panel, not the mold's configuration in space. In this convention, there is 
always a lower mold, and sometimes an upper mold. Part construction begins by applying 
materials to the lower mold. Lower mold and upper mold are more generalized 
descriptors than more common and specific terms such as male side, female side, a-side, 
b-side, tool side, bowl, hat, mandrel, etc. Continuous manufacturing processes use a 
different nomenclature. 

The molded product is often referred to as a panel. For certain geometries and 
material combinations, it can be referred to as a casting. For certain continuous processes, 
it can be referred to as a profile. 

Open molding 

A process using a rigid, one sided mold which shapes only one surface of the panel. 
The opposite surface is determined by the amount of material placed upon the lower 
mold. Reinforcement materials can be placed manually or robotically. They include 
continuous fiber forms fashioned into textile constructions and chopped fiber. The 
matrix is generally a resin, and can be applied with a pressure roller, a spray device 
or manually. This process is generally done at ambient temperature and atmospheric 
pressure. Two variations of open molding are Hand Layup and Spray-up. 

Vacuum bag molding 

A process using a two-sided mold set that shapes both surfaces of the panel. On the 
lower side is a rigid mold and on the upper side is a flexible membrane. The flexible 
membrane can be a reusable silicone material or an extruded polymer film such as nylon. 
Reinforcement materials can be placed on the lower mold manually or robotically, 
generally as continuous fiber forms fashioned into textile constructions. The matrix is 
generally a resin. The fiber form may be pre-impregnated with the resin in the form of 
prepreg fabrics or unidirectional tapes. Otherwise, liquid matrix material is introduced 
to dry fiber forms prior to applying the flexible film. Then, vacuum is applied to the 
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mold cavity. This process can performed at either ambient or elevated temperature 
with ambient atmospheric pressure acting upon the vacuum bag. 

Autoclave molding 

A process using a two-sided mold set that forms both surfaces of the panel. One the lower 
side is a rigid mold and on the upper side is a flexible membrane made from silicone or 
an extruded polymer film such as nylon. Reinforcement materials can be placed manually 
or robotically. They include continuous fiber forms fashioned into textile constructions. 
Most often, they are pre-impregnated with the resin in the form of prepreg fabrics or 
unidirectional tapes. In some instances, a resin film is placed upon the lower mold and 
dry reinforcement is placed above. The upper mold is installed and vacuum is applied to 
the mold cavity. Then, the assembly is placed into an autoclave pressure vessel. This 
process is generally performed at both elevated pressure and elevated temperature. The 
use of elevated pressure facilitates a high fiber volume fraction and low void content for 
maximum structural efficiency. 

Resin transfer molding 

A process using a two-sided mold set that forms both surfaces of the panel. The lower 
side is a rigid mold. The upper side can be a rigid or flexible mold. Flexible molds can be 
made from composite materials, silicone or extruded polymer films such as nylon. The 
two sides fit together to produce a mold cavity. The distinguishing feature of resin 
transfer molding is that the reinforcement materials are placed into this cavity and the 
mold set is closed prior to the introduction of matrix material. Resin transfer molding 
includes numerous varieties which differ in the mechanics of how the resin is introduced 
to the reinforcement in the mold cavity. These variations include everything from 
vacuum infusion to vacuum assisted resin transfer molding. This process can be 
performed at either ambient or elevated temperature. 

Other 

Other types of molding include press molding, transfer molding, pultrusion molding, 
filament winding, casting, centrifugal casting and continuous casting. 

Tooling 
Some types of tooling materials used in the manufacturing of composites structures 
include invar, steel, aluminum, reinforced silicon rubber, nickle, and carbon fiber. 
Selection of the tooling material is typically based on, but not limited to, the coefficient 
of thermal expansion, expected number of cycles, end item tolerance, desired or required 
surface condition, method of cure, glass transition temperature of the material being 
molded, molding method, matrix, cost and a variety of other considerations. 
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Mechanics of composite materials 
The physical properties of composite materials are generally not isotropic in nature, but 
rather are typically orthotropic. For instance, the stiffness of a composite panel will often 
depend upon the directional orientation of the applied forces and/or moments. Panel 
stiffness is also dependent on the design of the panel. For instance, the fiber 
reinforcement and matrix used, the method of panel build, thermoset versus 
thermoplastic, type of weave, and orientation of fiber axis to the primary force. 

In contrast, isotropic materials (for example, aluminium or steel), in standard wrought 
forms, typically have the same stiffness regardless of the directional orientation of the 
applied forces and/or moments. 

The relationship between forces/moments and strains/curvatures for an isotropic material 
can be described with the following material properties: Young's Modulus, the Shear 
Modulus and the Poisson's ratio, in relatively simple mathematical relationships. For the 
anisotropic material, it requires the mathematics of a second order tensor and can require 
up to 21 material property constants. For the special case of orthogonal isotropy, there are 
three different material property constants for each of Young's Modulus, Shear Modulus 
and Poisson's Ratio for a total of 9 material property constants to describe the relationship 
between forces/moments and strains/curvatures. 

Categories of fiber reinforced composite materials 
Fiber reinforced composite materials can be divided into two main categories normally 
referred to as: 

**  short fiber reinforced materials 

** continuous fiber reinforced materials. Continuous reinforced materials will often 
constitute a layered or laminated structure. The woven and continuous fiber styles are 
typically available in a variety of forms, being pre-impregnated with the given matrix 
(resin), dry, uni-directional tapes of various widths, plain weave, harness satins, braided, 
and stitched. 

The short and long fibers are typically employed in compression molding and sheet 
molding operations. These come in the form of flakes, chips, and random mate (which 
can also be made from a continuous fiber laid in random fashion until the desired 
thickness of the ply / laminate is achieved). 

Failure of Composites 
Shocks, impact, loadings or repeated cyclic stresses can cause the laminate to separate at 
the interface between two layers, a condition known as delamination. Individual fibers 
can separate from the matrix e.g. fiber pull-out. 
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Examples of composite materials 
Fiber Reinforced Polymers or FRPs include Wood comprising (cellulose fibers in a lignin 
and hemicellulose matrix),  

 

Carbon-fiber reinforced plastic or CFRP,  

 

Glass-fiber reinforced plastic or GFRP (also GRP).  

 

If classified by matrix then there are:  

** Thermoplastic Composites, short fiber thermoplastics, long fiber thermoplastics or 
long fiber reinforced thermoplastics  

** There are numerous thermoset composites, but advanced systems usually incorporate 
aramid fibre and carbon fibre in an epoxy resin matrix. 

Composites can also utilise metal fibres reinforcing other metals, as in Metal matrix 
composites or MMC. Ceramic matrix composites include Bone (hydroxyapatite 
reinforced with collagen fibers), Cermet (ceramic and metal) and Concrete. Organic 
matrix/ceramic aggregate composites include Asphalt concrete, Mastic asphalt, Mastic 
roller hybrid, Dental composite, Syntactic foam and Mother of Pearl. Chobham armour is 
a special composite used in military applications. 

Engineered wood includes a wide variety of different products such as Plywood, Oriented 
strand board,  

 

Wood plastic composite (recycled wood fiber in polyethylene matrix), Pykrete (sawdust 
in ice matrix), Plastic-impregnated or laminated paper or textiles, Arborite, Formica 
(plastic) and Micarta. 

 

Typical Products 
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Composite materials have gained popularity (despite their generally high cost) in high-
performance products such as aerospace components (tails, wings , fuselages, propellors), 
boat and scull hulls, and racing car bodies. More mundane uses include fishing rods and 
storage tanks 

 
http://www.science.org.au/nova/059/059key.htm  
Putting it together – the science and technology of composite 
materials 
This topic is sponsored by the Cooperative Research Centre for Advanced Composite Structures Ltd and the Australian 
Government's National Innovation Awareness Strategy.  
Light, strong and corrosion-resistant, composite materials are being used in an increasing 
number of products as more manufacturers discover the benefits of these versatile materials.  

 
 

In an advanced society like ours we all depend on composite materials in some aspect of our lives. 
Fibreglass, developed in the late 1940s, was the first modern composite and is still the most common. It 
makes up about 65 per cent of all the composites produced today and is used for boat hulls, surfboards, 
sporting goods, swimming pool linings, building panels and car bodies. You may well be using something 
made of fibreglass without knowing it.  

What makes a material a composite?  

Composite materials are formed by combining two or more 
materials that have quite different properties. The different 
materials work together to give the composite unique 
properties, but within the composite you can easily tell the 
different materials apart – they do not dissolve or blend into 
each other.  

Composites exist in nature. A piece of wood is a composite, with 
long fibres of cellulose (a very complex form of starch) held 
together by a much weaker substance called lignin. Cellulose is 
also found in cotton and linen, but it is the binding power of the 
lignin that makes a piece of timber much stronger than a bundle of 
cotton fibres.  

Not a new idea  

Humans have been using composite materials for thousands of years. Take mud bricks for example. A cake 
of dried mud is easy to break by bending, which puts a tension force on one edge, but makes a good strong 
wall, where all the forces are compressive. A piece of straw, on the other hand, has a lot of strength when 
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you try to stretch it but almost none when you crumple it up. But if you embed pieces of straw in a block of 
mud and let it dry hard, the resulting mud brick resists both squeezing and tearing and makes an excellent 
building material. Put more technically, it has both good compressive strength and good tensile strength.  

Another well-known composite is concrete. Here aggregate (small stones or gravel) is bound together by 
cement. Concrete has good strength under compression, and it can be made stronger under tension by 
adding metal rods, wires, mesh or cables to the composite (so creating reinforced concrete).  

Making a composite  

Most composites are made up of just two materials. One material (the matrix or binder) surrounds and 
binds together a cluster of fibres or fragments of a much stronger material (the reinforcement). In the 
case of mud bricks, the two roles are taken by the mud and the straw; in concrete, by the cement and the 
aggregate; in a piece of wood, by the cellulose and the lignin. In fibreglass, the reinforcement is 
provided by fine threads or fibres of glass, often woven into a sort of cloth, and the matrix is a plastic.  

The threads of glass in fibreglass are very strong under tension but they are also brittle and will snap 
if bent sharply. The matrix not only holds the fibres together, it also protects them from damage by 
sharing any stress among them. The matrix is soft enough to be shaped with tools, and can be softened by 
suitable solvents to allow repairs to be made. Any deformation of a sheet of fibreglass necessarily stretches 
some of the glass fibres, and they are able to resist this, so even a thin sheet is very strong. It is also quite 
light, which is an advantage in many applications.  

Over recent decades many new composites have been developed, some with very valuable properties. By 
carefully choosing the reinforcement, the matrix, and the manufacturing process that brings them together, 
engineers can tailor the properties to meet specific requirements. They can, for example, make the 
composite sheet very strong in one direction by aligning the fibres that way, but weaker in another direction 
where strength is not so important. They can also select properties such as resistance to heat, chemicals, 
and weathering by choosing an appropriate matrix material.  

Choosing materials for the matrix  

For the matrix, many modern composites use thermosetting or thermosoftening plastics (also called 
resins). (The use of plastics in the matrix explains the name 'reinforced plastics' commonly given to 
composites). The plastics are polymers that hold the reinforcement together and help to determine the 
physical properties of the end product.  

Thermosetting plastics are liquid when prepared but harden and become rigid (ie, they cure) when they are 
heated. The setting process is irreversible, so that these materials do not become soft under high 
temperatures. These plastics also resist wear and attack by chemicals making them very durable, even when 
exposed to extreme environments.  

Thermosoftening plastics, as the name implies, are hard at low temperatures but soften when they are 
heated. Although they are less commonly used than thermosetting plastics they do have some advantages, 
such as greater fracture toughness, long shelf life of the raw material, capacity for recycling and a cleaner, 
safer workplace because organic solvents are not needed for the hardening process.  

Ceramics, carbon and metals are used as the matrix for some highly specialised purposes. For example, 
ceramics are used when the material is going to be exposed to high temperatures (eg, heat exchangers) and 
carbon is used for products that are exposed to friction and wear (eg, bearings and gears).  

Choosing materials for the reinforcement  
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Although glass fibres are by far the most common reinforcement, many advanced composites now use fine 
fibres of pure carbon. Carbon fibres are much stronger than glass fibres, but are also more expensive to 
produce. Carbon fibre composites are light as well as strong. They are used in aircraft structures and in 
sporting goods (such as golf clubs), and increasingly are used instead of metals to repair or replace 
damaged bones. Even stronger (and more costly) than carbon fibres are threads of boron.  

Polymers are not only used for the matrix, they also make a good reinforcement material in composites. For 
example, Kevlar is a polymer fibre that is immensely strong and adds toughness to a composite. It is used 
as the reinforcement in composite products that require lightweight and reliable construction (eg, structural 
body parts of an aircraft). Composite materials were not the original use for Kevlar – it was developed to 
replace steel in radial tyres and is now used in bulletproof vests and helmets.  

Choosing the manufacturing process  

Making an object from a composite material usually involves some form of mould. The reinforcing 
material is first placed in the mould and then semi-liquid matrix material is sprayed or pumped in to form 
the object. Pressure may be applied to force out any air bubbles, and the mould is then heated to make the 
matrix set solid.  

The moulding process is often done by hand, but automatic processing by machines is becoming more 
common. One of the new methods is called pultrusion (a term derived from the words 'pull' and 'extrusion'). 
This process is ideal for manufacturing products that are straight and have a constant cross section, such as 
bridge beams.  

In many thin structures with complex shapes, such as curved panels, the composite structure is built up by 
applying sheets of woven fibre reinforcement, saturated with the plastic matrix material, over an 
appropriately shaped base mould. When the panel has been built to an appropriate thickness, the matrix 
material is then cured.  

In many advanced composites (such as those used in the wing and body panels of aircraft), the structure 
may consist of a honeycomb of plastic sandwiched between two skins of carbon-fibre reinforced composite 
material. Such sandwich composites combine high strength, and particularly bending stiffness, with low 
weight. Like everything to do with aircraft, they can be very costly!  

So why use composites?  

The greatest advantage of composite materials is strength and stiffness combined with lightness. By 
choosing an appropriate combination of reinforcement and matrix material, manufacturers can produce 
properties that exactly fit the requirements for a particular structure for a particular purpose (Box 1: 
Composites in Australia).  

Modern aviation, both military and civil, is a prime example. It would be much less efficient without 
composites. In fact, the demands made by that industry for materials that are both light and strong has been 
the main force driving the development of composites. It is common now to find wing and tail sections, 
propellers and rotor blades made from advanced composites, along with much of the internal structure and 
fittings. The airframes of some smaller aircraft are made entirely from composites, as are the wing, tail and 
body panels of large commercial aircraft.  

In thinking about planes, it is worth remembering that composites are less likely than metals (such as 
aluminium) to break up completely under stress. A small crack in a piece of metal can spread very rapidly 
with very serious consequences (especially in the case of aircraft). The fibres in a composite act to block 
the widening of any small crack and to share the stress around.  
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The right composites also stand up well to heat and corrosion. This makes them ideal for use in products 
that are exposed to extreme environments such as boats, chemical-handling equipment and spacecraft. In 
general, composite materials are very durable.  

Another advantage of composite materials is that they provide design flexibility. Composites can be 
moulded into complex shapes – a great asset when producing something like a surfboard or a boat hull.  

The downside of composites is usually the cost. Although manufacturing processes are often more efficient 
when composites are used, the raw materials are expensive. Composites will never totally replace 
traditional materials like steel, but in many cases they are just what we need. And no doubt new uses will 
be found as the technology evolves. We haven’t yet seen all that composites can do.  

 
 


