
COMPOSITES: NO LIMITS TO 
YOUR IMAGINATION

Imagine a lightweight, strong and durable material which 
can be manufactured in complex shapes in a cost-effective 
way. Imagine that its properties can be tailor-made by 
choosing a proper combination of components and layup 
sequences. Would you like to take the opportunity and 
unleash your imagination to design innovative solutions for 
a new challenging technical problem?



WHAT ARE COMPOSITES?

Composites are special materials combining two different 
components: the matrix and the reinforcement. The matrix is the 
“glue” that holds the reinforcement together and protects it from 
the effects of the environment. Reinforcement is an umbrella term for 
fibres, flakes or particles dispersed inside the matrix. Because of the 
superior physical and mechanical properties of the reinforcements 
when compared to the matrix, their choice will control the stiffness, 
strength, conductivity and or any other specific property. 

The only type of reinforcement considered here - for the sake of 
simplicity – is the fibres. Since the mechanical properties of the 
fibres are invariably higher than those of the polymeric matrix, these 
composites are also called fibre-reinforced polymers (FRP). Filler 
particles – such as calcium carbonate or talc – can also be present in 
the formulation of composites for various reasons.

The most widely used combination of materials is glass fibres and 
polyester resin, which is called “fiberglass”. In its various forms, this 
material accounts for about 95% by weight of the total European 
composites market. When carbon or aramid fibres are used, the 
combination with epoxy resins is preferred due to the superior 
mechanical and thermal properties. 
The third group of composites is based on natural fibres. 
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WHAT ARE COMPOSITES USED FOR?

In some fields, composites have already almost entirely replaced 
traditional materials due to their lightweight, durability and  
energy-efficiency characteristics: some examples are airplanes, 
cars, wind turbines, boats, houses, bridges, bats, snowboards, skis, 
bicycles, x-ray devices, etc. For many applications composites are also 
more economical than traditional materials - especially in the long run. 

The use of composites is continuously growing especially in 
energy-intensive applications - such as vehicles - to reduce energy 
consumption and subsequently the greenhouse gas emissions (carbon 
footprint). A well-designed composite component can also extend 
the lifecycle of the product, since the material is corrosion-free and 
more durable in harsh environments compared to traditional materials. 
Lighter components are also easier to handle and install. 

Modern aeroplane structures are largely made of composite materials: 
carbon fibre structures allow for weight savings of at least 25% 
compared to traditional materials. Structural optimization has allowed 
composites to access engineering applications which would not have 
been accessible with traditional materials, such as wind turbine blades. 
Composite structures can also easily integrate different functions 
and properties, so avoiding the separate components required with 
traditional materials.

Future development include multi-material hybrid structures to 
combine the best properties and features of different materials in 
one single component: the only hindrance is the boundaries of the 
imagination. Composite materials will shape tomorrow’s world into an 
increasingly sensible place to live.

PROPERTIES

The properties of fibre-reinforced composites 
depend on the type, length, content and 
orientation of the fibres. For a given fibre choice, 
the best mechanical properties are obtained 
when the fibres are continuous and oriented in 
the same direction, which also allows to achieve 
the highest possible fibre content. This type of 
composite is called unidirectional (UD) but has 
no practical use, due to the fact that properties 
are optimized in only one direction. In order to 
balance this effect - which is called anisotropy 
- fibres are crossed to each other at different 
angles by using woven fabrics or, more frequently, 
by overlapping different layers so as to produce 
laminates. 
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COMPOSITES AND THE ENVIRONMENT

Composites are fully compatible with our environment and help 
making a more efficient use of natural resources. Although the 
production of the raw materials can be somewhat energy-intensive 
(especially for fibres) the processes are equivalent or even cleaner than 
those used for other traditional structural materials. The conversion 
processes are simpler and less energy intensive instead. The great 
advantage of composites in terms of environmental impact, however, 
is achieved during the use phase, in which lightness and durability 
are a great advantage. The end-of-life possibilities are many, and not 
limited to landfill or grinding: they can be used efficiently for cement 
production, plastic foil for roofing and natural stone. Also chemical 
recycling – although still under evaluation in terms of environmental 
impact – is possible in principle.  In conclusion, it can be clearly 
foreseen that one of the main driving forces for the application 
of composite materials in the future will be their effectiveness in 
environmental protection.

The present brochure is based on Finnish brochure «Komposiitit - Loputtomasti mahdollisuuksia», 
the work of Professor Jyrki Vuorinen, Tampere University of Technology, Mika Mustakangas, 
Patria Aerostructures Oy, and Minna Annala, the Composites Group of Finnish Plastics Industries 
Federation. We gratefully acknowledge their contribution.

HOW COMPOSITES  
ARE MADE?

The common manufacturing 
methods for composites have 
always been additive - thus 
ahead of time of the current 
trends in additive manufacturing 
technologies like 3D printing. 
The traditional composite 
manufacturing methods are 
divided into open and closed 
mould technologies. Open 
mould technologies include 
hand lay-up, injection moulding 
and filament winding. Closed 
mould technologies include 
vacuum infusion (VI), resin transfer 
moulding (RTM), compression 
moulding and pultrusion.
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