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Materials

-metals

-polymers

Ceramics

Composite materials

It is made of two or three different phases to make a single phase that gives better pr

Pol ymers composite, ceramic composite &

How do we select a material?

In general several applications are available such assece , marine , biomediéal . e
Hence, selected materials must be of a good quality and good performance

Good quality product: needs to consider

Design, material and processing technology

PRODUCT
QUALITY

PROCESSING TECHNOLOGY
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Innovative Material Research...

Internal changes External changes
> Alloying > Reinforcing with
> Heat treatment fibers, rods,
whiskers, particles

Resulting

. -~

Improved Properties of the Material »

Steps in Processing of Advanced Materials

Innovative Product
Designs Requirements in Use

Leads to

- Aa

Innovative Materials

Call for

Processing Technology foskAdvanced Materials
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Factors affect selecting the materials

The Challenge of Selection

An ever-increasing VARIETY of
materials are now available,
each having its own

characteristics,

applications,
advantages,
limitations.

The challenge is to select the optimal
material according tc the requirement

Ex. Teethe brushes

Since there are large variety of materials
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VARIETY of Materials
= Ferrous Metals

= Nonferrous Metals (aluminum,
magnesium, copper, nickel,
titanium)

Plastics (thermoplastics,
thermosets)

Ceramics and Diamond
Composite Materials

Nano-materials, shape-memory
alloys

The first step its important to understand the property of the material

PROPERTIES of Materials

When selecting materials for
products, consideration is given to

Mechanical properties such as
strength, toughness, ductility,

hardness, elasticity, fatigue, and
creep

The strength to weight ratios of
materials are also important,
particularly for aerospace and
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Properties...

= Physical Properties

The density, specific heat, thermal
expansion and conductivity, melting
point, electrical and magnetic
properties

= Chemical Properties
Oxidation, corrosion, general
degradation of properties, toxicity,

flammability are the important
factors to be considered

Properties...

Manufacturing Properties
Castability, Formability, Machinability
and Weldability are important

The methods used to process
materials to the desired shapes can
adversely affect the product’s final
properties, service life and cost
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Other properties shoud be taken into account

Cost and Availability

The ECONOMIC aspects of material
selection are as important as
technological considerations of
properties and characteristics of
materials

B :
If raw or processed materials are not
available in the desired shapes,
dimensions, and quantities

WHATTO DO ?

Substitutes or additional processing
may be required that can contribute
significantly to the PRODUCT COST

Product Design may be modified to
ake advantage of standard
dimensions of raw materials and thus
avoid extra manufacturing costs
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ALSO...

= Reliability of supply, as well as
demand affects the COST

Most countries import numerous raw
materials that are essential for
production

= The broad political implications of
relying on other countries may be
negative
Diffetent costs are involved in
processing materials by different
methods

Appearance

The appearance of materials after
they have been manufactured into
products influences their appeal to
the consumer

Color, feel and surface texture are
characteristics that are considered
before making a decision about
purch@sing a PRODUCT
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Service Life

= Time and service dependent
phenomenon such as wear, fatigue,
creep and dimensional stability are

important

= These factors need to be controlled,
may result in complete failure of the
product

= Galvahic corrosion between mating
parts made of dissimilar metals
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Recycling

Recycling and proper disposal of
materials at the end of designed life
has become increasingly important

Emphasis on conserving resources
and ascertaining a clean and green
environment

Norms and regulations have been
formed in order to achieve the
objective

Criteria for Selection

Materials are primarily selected for their
mechanical, physical and chemical
properties to ensure proper functioning

When several materials are suitable,
and when no other requirements are to
be met, the cheapest material is
usually selected

No consideration to manufacturing
tecnniques

- The need of DFM...
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What are “composites”?

Importance and areas of application

Classification

Advantages of fiber-reinforced composites

* Composite: Two or more chemically different
constituents combined macroscopically to
yield a useful material.

* Examples of naturally occurring composites
— Wood: Cellulose fibers bound by lignin matrix

— Bone: Stiff mineral “fibers” in a soft organic matrix
permeated with holes filled with liquids

— Granite: Granular composite of quartz, feldspar,
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What 1s Composite?

A composite material 1s formed by the combination of two or
more different materials which combined together generate
enhanced properties of the developed matenal (composite)

B s

Composite
Reinforcement

Components in a Composite Material

= Matrix

* Provides the bulk form of the part or product made
of the composite material

 When a load 1s applied, the matnix shares the load
with the reinforcing element

= Reinforcing element
.
e Remnforce the matrnix
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Some examples of man-made composites

— Concrete: Particulate composite of aggregates
(limestone or granite), sand, cement and water

— Plywood: Several layers of wood veneer glued
together

— Fiberglass: Plastic matrix reinforced by glass fibers
— Cemets: Ceramic and metal composites

— Fibrous composites: Variety of fibers (glass, kevlar,
graphite, nylon, etc.) bound together by a
polymeric matrix



