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Introduction
The high specific strength and stiffness of composite materials have made polymer-reinforced composites attractive not only in weight sensitive aerospace applications, but also in marine, automotive, civil structure and sporting goods. Composite materials are versatile products and can be engineered to provide many advantages compared to traditional materials including: weight reduction, increased structural stiffness, chemical resistance, thermal resistance, and in some cases, reduced manufacturing costs. The automotive industry has exposed the potential benefits that composites offer over conventional materials by optimising the manufacturing routes for use within a commercial environment.

Polymer matrix composites can be characterised into two groups due to their chemical forming process, the first group is thermoplastics (polymers that can soften and then can be re-shaped with the addition of heat) and secondly, thermoset (polymers that acquire their final shape after an irreversible process). Micron level reinforcements are commonly used, such as carbon, glass and aramid fibres with the polymer matrix. 

This research is focused on carbon and glass fibre reinforced thermoset polymers. There are two applications within the automotive industry that are of interest; these are structural members such as a chassis and aesthetic body panels. 

1.1 Structural Applications of CFRP in the Automotive Industry

Carbon fibre reinforced polymers are used in the Formula 1 car racing industry and similar industries for structural members and aesthetic body panels. However, the use of them in the domestic automotive market is not so widely spread. This is mainly due to the cost of the materials and repeatability of manufacturing them. Composites can be engineered so they have a predominant strength for the required application. However this also introduces processing difficulties if being introduced into a new environment. As the existing environment is likely to be set up for the manufacture and production of traditional materials. The conversion and testing is very different to traditional materials such as steel and aluminium. 

The focus of this section of research is specifically compression testing. The specific interest with regards to the compression testing of the unidirectional carbon fibre is the repeatability and reproducibility of this test. The material that is manufactured for this application is produced in batches that are approximately 40 linear metre long rolls of unidirectional carbon fibre. Each batch of material has to be tested to ensure that the unidirectional carbon fibre meets the criteria for the compression strength that is required for this specific application. Therefore, it is critical that the mechanical compression test used can be relied upon for an accurate result to be given for the strength of the unidirectional carbon fibre. 

The aim of this section of research is to use a common end loading mechanical compression testing method and critically examine key areas such as: thickness of test specimen, edge roughness and surface roughness. That could significantly affect the repeatability and reproducibility of the final result achieved. 

1.2 Surface Characterisation of CFRP Composites

The use of carbon fibre materials for aesthetic body panels on domestic cars has been minimal to date. The vehicles that have applied carbon fibre have been higher end super cars (Ferrari Enzo, Mercedes SLR, Bugatti Veron etc.) and more often than not these are only produced in a limited quantity. The reasoning for this is the time taken to manufacture a carbon fibre based body panel and consequentlt the cost. The most common methods used are prepreg carbon fibre that is cured in an autoclave. This method is time consuming and very expensive. Additionally, due to the weave of the carbon fibre and thermal cycles that a body panel can experience (day and night), these cars have to be re-sprayed every 1-2 years to ensure a perfect paint surface finish across the vehicle (this is termed print through and is discussed at depth in Chapter 3). 

Gurit UK has developed a carbon fibre based material called CBS 95. Which can be processed using standard vacuum bagging methods (discussed in Chapter 3), therefore not requiring the use of an autoclave and additionally, there is no evidence of print through at the surface. As this is a new material there has been no research to date with regards to its surface quality, the possibility of defects due to the manufacturing route and the behaviour of this material when exposured in different environments. 

The CBS 95 is the focus of this next section of research. The aims of this research are to characterise the natural finish of the CBS 95 and to identify defects that may be detrimental to the surface of the component. A sub-section of research investigates the environmental effects on the surface of the CBS 95 in three different environments (hot/dry, hot/wet and chemical).
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