
Introduction to Process and Mechanical
Modelling of Engineering Composites

Composite materials are increasingly used in various engineering
applications due to their unique combination of properties, such as high
strength-to-weight ratio, stiffness, and corrosion resistance. These
materials are composed of two or more distinct phases, with the reinforcing
phase (e.g., fibres) embedded in a matrix phase (e.g., resin). The
properties of the composite depend on the properties of the individual
phases and the interaction between them.
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Process and mechanical modelling play a critical role in the design and
optimisation of composite structures. Process modelling involves simulating
the manufacturing processes of composites, such as lay-up, curing, and
consolidation. Mechanical modelling involves predicting the behaviour of
composites under various loading conditions, such as tension,
compression, bending, and shear. These modelling techniques help
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engineers understand the complex behaviour of composites and design
structures that meet specific performance requirements.

Types of Composites

There are different types of composites, classified based on the type of
reinforcement and matrix. Some common types include:

Fibre-reinforced composites: These composites have fibres as the
reinforcing phase, embedded in a polymer, metal, or ceramic matrix.
Examples include carbon fibre-reinforced polymers (CFRPs),glass
fibre-reinforced polymers (GFRPs),and metal matrix composites
(MMCs).

Particle-reinforced composites: These composites have particles as
the reinforcing phase, embedded in a polymer, metal, or ceramic
matrix. Examples include rubber-toughened plastics and ceramic-
reinforced metals.

Structural composites: These composites are designed to carry
structural loads. They typically have a high strength-to-weight ratio and
are used in applications such as aerospace, automotive, and
construction.

Functional composites: These composites are designed to have
specific functional properties, such as electrical conductivity, thermal
conductivity, or magnetic properties. They are used in applications
such as sensors, actuators, and energy storage devices.

Manufacturing Processes

Composites can be manufactured using a variety of processes, including:



Lay-up: This process involves stacking multiple layers of
reinforcement material in a mould. The layers are then impregnated
with a matrix material and cured under heat and pressure.

Pultrusion: This process involves pulling continuous fibres through a
resin bath and then through a heated die. The fibres are impregnated
with the resin and cured as they pass through the die.

Filament winding: This process involves winding continuous fibres
around a mandrel. The fibres are impregnated with a resin and cured
as they are wound.

Compression moulding: This process involves placing a prepreg
(pre-impregnated) composite material into a mould and applying heat
and pressure to cure the material.

Injection moulding: This process involves injecting a molten polymer
or metal matrix into a mould containing the reinforcement material.

Process Modelling

Process modelling involves simulating the manufacturing processes of
composites to predict the resulting microstructure and properties of the
material. This information can be used to optimise the manufacturing
process and improve the quality of the final product. Some common
process modelling techniques include:

Finite element analysis (FEA): This technique involves dividing the
composite structure into small elements and solving the governing
equations for each element. The results are then assembled to obtain
the overall behaviour of the structure.



Micromechanics-based modelling: This technique involves using
micromechanics models to predict the behaviour of the composite
based on the properties of the individual phases and their interaction.

Process simulation: This technique involves simulating the entire
manufacturing process of the composite, from raw material preparation
to final curing. This information can be used to identify potential
defects and improve the process efficiency.

Mechanical Modelling

Mechanical modelling involves predicting the behaviour of composites
under various loading conditions. This information can be used to design
composite structures that meet specific performance requirements. Some
common mechanical modelling techniques include:

Finite element analysis (FEA): This technique involves dividing the
composite structure into small elements and solving the governing
equations for each element. The results are then assembled to obtain
the overall behaviour of the structure.

Micromechanics-based modelling: This technique involves using
micromechanics models to predict the behaviour of the composite
based on the properties of the individual phases and their interaction.

Damage mechanics: This technique involves modelling the damage
mechanisms that occur in composites under loading. This information
can be used to predict the failure behaviour of the material.

Applications of Process and Mechanical Modelling



Process and mechanical modelling are essential tools for the design and
optimisation of composite structures. These techniques are used in a wide
range of applications, including:

Aerospace: Composites are used in aircraft structures due to their
high strength-to-weight ratio and stiffness. Process and mechanical
modelling are used to optimise the design of these structures and
predict their behaviour under various loading conditions.

Automotive: Composites are used in automotive components due to
their lightweight and corrosion resistance. Process and mechanical
modelling are used to optimise the design of these components and
predict their behaviour under various loading conditions.

Construction: Composites
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