




















Composite Materials are new generation materials developed to meet the demands
of rapid growth of technological changes of the industry. There is always an urge
from the engineer for finding an alternative to conventional materials keeping in
view a combination of properties expected from new ones. The greatest advantage
of compositematerials is strengthand stiffness combinedwith lightness.Bychoosing
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. Especially the demands of the aerospace industry for a material
that can combine very high strength coupled with low density have resulted in the
development of a variety of materials. In this regard an engineer has taken clues
from the nature. Ex: coconut tree branch containing many leaves which bends into
an arc of a circle. Can take bending stresses being a fibrous material.

Composite materials (or composites for short) are engineering materials made
from two or more constituent materials that remain separate and distinct on a
macroscopic level while forming a single component. Consists of a matrix and
reinforcement, matrix is the bulk of the material holding the reinforcement together
in position and help in transferring the loads. The matrix material surrounds and
supports the reinforcement materials by maintaining their relative positions. The
constituents of a composite materials can be generally identified macroscopically.
The engineering importance of a composite materials is that two or more distinctly
different materials combines together to form a composite that is either superior or
important in some other manner to the properties of the individuals components.
Most composites have been created to improve combinations of mechanical
characteristics such as stiffness, toughness, ambient and high temperature strength,
wear resistance and also aesthetic properties.
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2 Composite Materials

Reinforcement is the loadbearingmaterial andalsoprovidesadditionalproperties
like Wear resistance, corrosion resistance, Impact strength Lubricating property,
damping properties to the composite. The reinforcements impart their special
mechanical and physical properties to enhance the matrix properties. 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,PEEKandothers.The reinforcementmaterials
are often fibers but also commonly ground minerals.
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Fig. 1.1 Fiber + resin = composite

Humans have been using composite materials for thousands of years. Take
mud bricks for example.Acake 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.Apiece of straw, on the other hand, has a lot of strength when 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
squeezingand tearingandmakesanexcellent buildingmaterial. Putmore technically,
it hasbothgoodcompressive strength andgood tensile strength.Anotherwell-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).
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CompositeMaterialsarenewgenerationmaterialsdeveloped tomeet thedemands
of rapid growth of technological changes of the industry. There is always an urge
from the engineer for finding an alternative to conventional materials keeping in
view a combination of properties expected from new ones. Especially the demands
of the aerospace industry for a material that can combine very high strength coupled
with low density have resulted in the development of a variety of materials. In this
regard an engineer has taken clues from the nature.

1.1 DIFFERENCES BETWEEN
NATURAL FIBER AND MAN MADE FIBER

Natural fibers Man-made fibers

• A natural fiber is any hair like raw
material directly obtainable from an
animal, vegetable, or mineral source
and convertible into non woven
fabrics such as felt or paper or, after
spinning into yarns, into woven cloth.

• A natural fiber may be further
defined as an agglomeration of cells
in which the diameter is negligible in
comparison with the length.

• Ex:-jute,sisal,coir,cotton, mohair,
silk, wool.

• Natural fibers are much shorter and
have uneven surfaces.

• Fiber quality cannot be varied

• Natural fibers creates fabrics with
matter rather than reflective surfaces

• Low cost

• Absorbs large amount of humidity

• Natural fibers can normally only be
processed at low temperatures
(below 250°)

• Good thermal and acoustic insulating
properties

• Man-made fiber is raw, hair like
material used to produce yarns and
fabrics, including cellulose fibers
made by modifying natural materials
and synthetic fibers made by
chemical synthesis.

• Ex: - glass, Boron, Kevlar, Nylon,
Polyester.

• Man-made fibers can be as long as
the manufacturer chooses.

• Variation in fiber quality

• Man-made fabrics are reflective

• Expensive

• Absorbs less amount of humidity

• They can withstand high
temperatures

• Low thermal and acoustic insulating
properties than natural fibers

Contd.,



4 Composite Materials

Practically everything is a composite material in some sense. For example, a
commonpieceofmetal is acomposite (polycrystal)ofmanygrains (or singlecrystals).
The following is an operational definition for the purpose of this lecture.

A composite material is defined as a structural material created synthetically or
artificially by combining two or more materials having dissimilar characteristic. The
constituent are combined at macroscopic level and are not soluble in each other.
One constituent is called Matrix phase and the other is called reinforcing phase.
Reinforcing phase is embedded in the Matrix to give desired characteristic.

Reinforcing phase : Fibers, flakes, Particulates, whiskers etc
Matrix phase : Continuous phase
E.gConcrete,Boron reinforcedpolymer,GlassFiber reinforcedpolymer,Epoxy

resin reinforced with graphite fiber.
Acompositematerialconsistsof twoormorephysicallyand/orchemicallydistinct,

suitably arranged or distributed phases, with an interface separating them. It has
characteristics that are not depicted by any of the components in isolation. Most
commonly, composite materials have a bulk phase, which is continuous, called the
matrix, and one dispersed, non-continuous, phase called the reinforcement, which is
usuallyharder andstronger.Theconceptof compositematerials is ancient: tocombine
different materials to produce a new material with performance unattainable by the
individual constituents.Anexample is adding straw tomud forbuilding strongermud
walls. Some more recent examples, but before engineered materials became

Natural fibers Man-made fibers

• High resistance to fracture

• Better electrical resistance

• Renewable materials

• Mechanical and physical properties
are highly inconsistent due to
variation of cross section throughout
their length and depends on
geometric, climatic growth condition

• Low wetting and bonding properties.

• Durability is much longer

• Materials are self repaired

• Low resistance to fracture

• Low electrical resistance

• Non-renewable materials

• Mechanical and physical properties
are consistent

• High wetting and bonding properties.

• Less durability than natural fibers

• Materials are not self repaired
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prominent, are carbon black in rubber, steel rods in concrete, cement/asphalt mixed
with sand, fiberglass in resin etc. In nature, examples abound: a coconut palm leaf,
cellulose fibers in a lignin matrix (wood), collagen fibers in an apatite matrix (bone)
etc. The essence of the concept of composites is this: the bulk phase accepts the
load over a large surface area, and transfers it to the reinforcement, which being
stiffer, increases the strength of the composite. The significance here lies in that
there are numerousmatrixmaterials andasmany fiber types,which canbe combined
in countless ways to produce just the desired properties. Most research in engineered
compositematerialshasbeendone since1965.Today,given themost efficient design,
of say an aerospace structure, a boat or a motor, we can make a composite material
that meets or exceeds the performance requirements. Most of the savings are in
weight and cost. These are measured in terms of ratios such as stiffness/weight,
strength/weight, etc.

1.2 NECESSITY FOR DEVELOPING COMPOSITE MATERIALS

The main advantage of a composite material over the conventional material like a
monolithic metal is combination of different properties which are seldom found in
theconventionalmaterials.Theunusualcombinationofproperties includehighstrength
toweight ratio, higher stiffness toweight ratio, improved fatigue resistance, improved
corrosional resistance, higher resistance to thermal expansion, excellent optical and
magnetic properties ,in combination with wear resistance and fracture toughness
etc.

• Composites offer significant weight saving over existing metals. Composites
materials used forAircraft Bodies

• Composites material for Trusses and benches used in satellites for space
applications. Since coefficient of linear thermal expansion are low compared
tomonolithicmaterials.

• Unidirectional fiber compositeshave specific tensile strength (ratioofmaterial
strength to density) about 4 to 6 times greater than that of steel and aluminum.

• Composite material for abrasive Grinding and cutting wheels. Since grinding
and cutting wheels are formed from alumina (Al2O3),silicon Carbide (SiC) or
Cubic Boron Nitride (CBN) embedded in glass or ceramic or polymer matrix.
The matrix provides the base and the abrasive provides the cutting edge.

• Unidirectional Composites have Specific modulus (ratio of material stiffness
to density) about 3 to 5 times greater than that of steel and aluminum.
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