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This book is dedicated to the hundreds of people
who have been involved over the last 37 years
with the composites programme in the Mechanical
Engineering Department at the University of
Nottingham

Preface

This book is about fibre-reinforced polymers (FRPs) excluding rubber
matrix materials. Although some contributors refer to 'composites', 'composite materials' or 'fibre-reinforced composite materials' the restriction to
fibre-reinforced thermoplastic and thermosetting polymers still applies and
rubber, metal and ceramic matrix composites are excluded. The overall
intention is to show that material selection, manufacturing feasibility and
material properties are strongly inter-related factors that have to be considered at an early stage in the design process in order to achieve costeffective products. Often this can be done without recourse to elaborate
calculations.
Following an introductory chapter that is intended to set the scene, there
are three main parts to the book. Part I describes the main material constituents and the main manufacturing processes. Part II is based on case
studies of some recent successful applications. The authors explain their
development approach for both product and manufacturing process. Part
II also includes chapters on adhesive technology and the growing importance of closed mould processes. Part III is an introduction to design
methods with due regard to manufacturing feasibility. Three substantial
appendices cover laminate analysis, sample material properties and a glossary of terms.
The provenance of the book lies in courses offered regularly by the
Department of Mechanical Engineering, University of Nottingham, over
the past 20 years. These comprise short intensive continuing professional
development (CPD) courses and final year undergraduate and master's
degree modules. CPD courses have also been presented at the premises
of individual firms and trade associations both in the UK and around
the world including South Africa, Singapore and other countries. The
editors intend the book to be -useful for similar courses and particularly
to individual engineers, scientists and managers in industry who might
be considering new products for which FRPs are unfamiliar candidate
materials.
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Preface

The editors have only acknowledged by name friends and colleagues
who have made direct contributions to the book. However, over the years
there have been hundreds of industrial collaborators, academic colleagues,
research assistants and research students who have participated in sponsored research programmes, who have also helped with courses and who
have made indirect contributions without which the present outcome would
not have been possible.
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Introduction
M J OWEN

This chapter serves as an introduction to the book. After reading it some
readers may prefer to proceed to Part II, before reading Parts I and I l l .

1.1

What are fibre-reinforced polymers?

Fibre-reinforced polymers or fibre-reinforced plastics (FRPs) are combinations of fibres and/or particulate fillers in a polymeric matrix material.
Generally the fibres and particles are regarded as reinforcements to carry
load or to control strain, whereas the matrix is regarded as a bonding
medium to transfer load and to provide continuity and structural integrity.
The most common fibres are glass, carbon (graphite) or aramid although
they may also be of natural, polymeric, metallic or ceramic origin. Commonly used fillers are of mineral origin such as chalk (calcium carbonate)
or alumina trihydrate but other ground minerals, powdered metals, pigments, etc, are also used. Polymer matrices fall into two main classes, either
thermosets or thermoplastics. Thermosets are liquid mixtures of chemical
constituents which can be caused to react after combination with the reinforcement to form a solid matrix which can only be further shaped by a
machining process. Thermoplastics can be softened or remelted by heat,
thus permitting some reshaping. Processing covers the activities of combining the constituent materials and shaping them economically. The properties of FRPs depend on the properties of the constituents, the relative
amounts of the constituents, their dispersion, and the processing route used
to form the final shape of the desired artefact or component. The final FRP
material and its properties are determined during the manufacturing operation for the desired component. Structural composites are load-bearing
materials in which particulates or fibres are introduced to a matrix to
achieve improved properties for the combined materials. Mechanical loads
may be associated with electrical, thermal or chemical stress. It is wrong to
restrict a definition of structural composites to ‘high-tech’ materials or to
the needs of one particular industry.
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In this book the words ‘composites’ and ‘composite materials’ are often
used in place of ‘FRP’ as is common in some industries. According to the
dictionaries the word ‘composite’ is an adjective conveying the meaning
‘made up of various parts or elements’.The word came into regular use for
‘composite materials’ or ‘composites’ only in the late 1960s, apparently to
enhance the image of glass-reinforced plastics and to encompass a wider
range of materials, including metal and ceramic matrix materials. It is usual
to exclude old-established materials such as rubber, plywood and reinforced
concrete. In quantitative terms, FRPs are overwhelmingly glass fibrereinforced thermoset or thermoplastic polymers.

1.2

Rationale

One of the main activities of engineers is to specify, design, manufacture
and procure devices, structures and systems to meet customers’ needs at
competitive prices while achieving proper levels of profit. In fulfilling these
aims, engineers must select materials that are the most appropriate in terms
of properties and that can be used to achieve designs at the lowest accountable cost. There is no special place for FRP or ‘composites’ in this context.
This book is about the exploitation of FRP in the design of engineering
artefacts to produce cost-effective products for general industrial use. A
knowledge of the relationships between basic material properties, processing, composite material properties, design and the performance of artefacts
is required to achieve efficient low-cost designs in appropriate materials.
The materials employed must be appropriate for the application and the
design methods justifiable in terms of both cost and rigour. Frequently, FRP
components will form only part of the total design.
The principal advantages of FRP may be expressed as follows:
Design freedom.
A wide range of materials.
A wide range of properties.
Low density.
High specific strength and specific stiffness.
Good corrosion and electrical resistance.
Part consolidation.
Choice of manufacturing routes.
Nett shape manufacture.
Choice of economical tool making methods.
The main disadvantages have been low modulus compared with steel and
aluminium, the cost of developing design methods and obtaining design
data, the need to develop and invest in new fabrication and production techniques, and the cost and lead-time to develop successful products.

