Surface Characterisation of CFRP Composites 

3.9
Discussion
CBS 95 is a material that has been designed for automotive aesthetic body panel applications. This material has been used in an innovative manufacturing method using nickel shell tooling. This research was concerned with the characterisation and behaviour of the Class A surface.

3.9.1
Surface Anomalies 

It has been suggested through the application of models and the examination of cross-sections under the microscope that the sink marks and pinholes originate from the same source: porosity.

It has been shown with the aid of microscopes that the sink marks that had formed in the Class A surface were surrounded by porosity underneath the surface. Unfortunately, the same could not be achieved for the pinholes. Although, the subsequent research into the formation of worm tracks (Section 3.8.2) does provide sufficient evidence to suggest that the pinholes in the Class A surface originate from porosity within the surface film resin. The worm tracks produce a collection of pinholes at the surface on the edge of the bonnet as there is a higher density of porosity under the Class A surface in the surface film resin. 

The worm tracks also originate from porosity however, this is a localised concentration of porosity due to the fact that it is trying to escape from the component when the resin is at minimum viscosity and prior to the resin gelling under the encouragement of the vacuum pressure. 

All of the defects described above have originated from porosity within the resin. Additionally, each one of these defects is detrimental to the quality assessment of the final component, as the component would be deemed a scrap component, and therefore not used in production. This is costly for the supplier and if it persists it could become a major through put problem in the manufacturing of the components. 

The remaining defects that were present on the Class A surface of the manufacture DB9 bonnet are predominantly regarding the fibre/matrix relationship. 

The fibre bridging that was visible around the badge detail highlighted kitting errors. The polyester scrim had migrated under the surface and the subsequent layers of fibre in the CBS construction were under tension as they had to take into account the badge curvature additional to following the line of the component, therefore travelling further. Due to the tows in the CBS and surfacing film being pulled taught as they are travelling a greater distance the resin from the CBS had seeped through to the surface film layer, this had then caused the defects on the Class A surface around the badge as the resin alone does not have the structural integrity to form and hold the required curvature. 

These findings suggest that the tows of the fabric in the CBS are under too much tension in this particular area. The solution to prevent the defects on the Class A surface from returning was to make a small incision in the kit (following the same line as the cross-section in Figure 3.40). The bonnets manufactured after this modification did not suffer with the same defect in this location.

The cause of the distortion around the vents (Teddy Bears Ears) was attributed to the type of vacuum bag used in the lay-up of the component. After analysing the data there was a clear connection between the types of vacuum bag used and the presence of the witnessing of the distortion around the vents on the Class A surface. 

However, the other factors discussed could contribute to the formation of the teddy bears ears in small increments. Unfortunately there is not an analytical method that can demonstrate which of these factors could be directly related to the formation of the distortion and those which are not. 

The print through that was witnessed on bonnet 1 of the DB9 bonnets to be produced was a serious concern for Gurit UK. Although, the print through was only witnessed the once, the source of the print through was critically important to locate. If a component is not fully cured there would be increasing problems if it had slipped through the quality assurance and into production. Eventually, the component would have fully cured, however, as it had been removed from the mould there is not the support to encourage the component to keep the same geometry. If the component was left in a warm environment (i.e. paint process) the component would soften as the Tg would be lower than nominal and there would be evidence of permanent distortion in the Class A surface. 

The tool is now calibrated using the thermal camera and thermo-couples regularly to ensure each component produced is fully cured over the whole surface area. 

3.9.2
Environmental Effects

The environmental test panels had been sent to America for environmental exposure in the three different locations – Arizona: hot and dry, Florida: hot and wet, and Ohio: chemical. These tests were intended to gain knowledge from this new and novel material regarding its behaviour in these harsh environments. 

The total colour change data and the subsequent lightness factor, red/green factor and the yellow/blue factor results showed the same trends for each of the environmental test locations. 

There were some good correlation patterns between the environmental test panels and the actual average high/low temperature and the average precipitation data recorded from the three environmental test destinations. 

The direct affect of regular precipitation in Florida and Ohio correlated well with the lightness factor for the last (1300 hours of exposure. Both of these environmental test panels lightened significantly compared to the environmental test panel in Arizona, where there was minimal precipitation.

The extreme low temperatures of Ohio correlated well with the oscillation of results for the red/green factor, the low temperatures either having a direct affect on the integration of results from the spectrophotometer or directly affecting environmental mechanisms occurring on the surface of the CBS 95. However, when one or more environmental degradation mechanism is present the resulting affects are complex and difficult to characterise. 

The panel tested in Ohio showed no signs of surface or internal degradation, possibly due to a phenomenon of toxic chemicals in the atmosphere forming a protective film/barrier on the surface of the CBS 95, therefore preventing the other environmental factors such as moisture uptake coupled with UV exposure from attacking the surface. On the other hand, the panels tested in Arizona and Florida showed evidence of blisters on the surface and in the extreme case of Florida a crack that had potentially initiated from a surface blister penetrating into the surface film of the CBS 95. 

This proves that a surface coating is required for a body panel constructed from CBS 95 to achieve the surface finish in the working environment. If there were no surface coating the Class A surface would rapidly degrade and potentially fail as cracks could form in the component. 
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