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Figure 2.2 – Tensile properties for a select number of the carbon fibres available to construct unidirectional material are shown, as characterised by the five categories 
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Figure 2.3 – Example of a compression test specimen
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Figure 2.4 – Schematic of the IITRI compression test fixture
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Figure 2.5 – ASTM D 695 M compression test rig
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Figure 2.6 – Data from the Gurit Testing Data Base
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Figure 2.7 – Image showing end failure mechanism
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Figure 2.8 – Average compressive strength as a function of specimen thickness for T600/924C unidirectional laminates





32

Figure 2.9 – Failure progression for compression specimens exhibiting transverse failure modes
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Figure 2.10 – Fibre orientation relative to loading
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Figure 2.11 – Acceptable failure mechanisms as stated by BS EN ISO 14126:1999
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Figure 2.18 – Example of a compression test specimen
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Figure 2.19 – Typical ply drop off (a), example schematic of the laminate (b)
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Figure 2.22 – Microscopy equipment
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Figure 2.23 – JSM-6500F Scanning Electron Microscope
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Figure 2.24 – Talyscan 150
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Figure 2.25 – X-Tek Benchtop CT 160 Xi Tomography unit
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Figure 2.30 – Compression results from the Talyscan panels
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Figure 2.31 – Specimen 3 saw abrasion within the gauge length (batch 1 Method A)
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Figure 2.33 – The mean values of surface roughness vs. the mean values of compressive strength for each surface preparation technique researched
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Figure 2.34 – Images taken on the SEM of the Release stitch A surface finish
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Figure 2.35 – Test results from the 4 batches tested at Gurit UK and the Independent Test Centre
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Figure 2.36 – Schematic diagram from memory of the ITC compressive test rig
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Figure 2.37 – Compression test rig at Gurit UK
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Figure 2.38 – Misaligned compressive test specimen
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Figure 2.40 – Compressive sample viewpoint in CT images
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Figure 2.41 – 60% of average compressive strength
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Figure 2.42 – 70% of average compressive strength
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Figure 2.43 – 80% of average compressive strength





84

Figure 2.44 – 90% of average compressive strength
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Figure 2.45 – Exaggerated representation of cracks developing as the fibres start to buckle
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Figure 2.46 – (a) Through thickness crack (90% of the compressive load, sample 2), (b) Inclusion (sample 1)
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Figure 2.47 – Delamination at Ply Boundaries
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Figure 3.2 – SPRINT( CBS
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Figure 3.3 – SF95 Surface film 
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Figure 3.4 – Image of a pinhole in the surface of 2x2 twill weave carbon fabric and epoxy resin 
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Figure 3.5 – Example of woven twill
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Figure 3.6 – Schematic of length change verse temperature during cure
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Figure 3.7 – Example of print through on a composite painted surface
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Figure 3.8 – Schematic representation of the reflected light patterns seen from an undulating surface










104

Figure 3.9 – The spectra of wavelengths associated with long and short term waviness. The use of dullness, Wa and Wb to form the DOI is illustrated
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Figure 3.10 – Resultant profile broken down into the three main elements: roughness, short term waviness, and long term waviness
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Figure 3.11 – Measurement positions for a standard automotive paint analysis
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Figure 3.13 – Kitting process
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Figure 3.14 – Example of a pre-combined kit and material breakdown of an automotive boot lid
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Figure 3.16 – Cure cycle for CBS 95
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Figure 3.17 – Vacuum bag lay-up with consumables
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Figure 3.18 – The S-Type chromatic technique
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Figure 3.19 – Buehler Ecomet 4 automated polisher
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Figure 3.20 – Buehler Ecomet 4 automated polishing process
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Figure 3.21 – Microscopy equipment
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Figure 3.22 – TA Q800 DMA at Gurit UK
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Figure 3.23 – Three-point bend mode used in the DMA
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Figure 3.24 – Minolta spectrophotometer CM-500 series
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Figure 3.25 – Schematic of the characteristic defects found in the DB9 Bonnets
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Figure 3.26 – Microscopic image of a sink mark in the surface of the CBS 95
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Figure 3.27 – Proscan image of the sink mark
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Figure 3.28 – Microscopic image of surface film showing sink mark
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Figure 3.29 – Conceptual model describing the formation of the sink mark in the Class A surface of CBS 95
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Figure 3.30 – Pin holing from the edge of the DB9 bonnet 
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Figure 3.31 – Proscan image of pinholes
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Figure 3.32 – Conceptual model describing the formation of the pinholes in the Class A surface of CBS 95
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Figure 3.38 – Defects around badge geometry, (a) shows the area of the cracked line defect, (b) detailed image of defect
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167

List of Tables

Table 2.1 – Ply thickness data from the Gurit Composite Materials Handbook

31

Table 2.2 – Specimens Manufactured for this research




60

Table 2.3 – Compressive results of thickness panels





66

Table 2.4 – Results of average surface roughness





68

Table 2.5 – Compressive strength results for edge quality




71

Table 2.6 – Talyscan surface profile results






72

Table 2.7 – Compressive strength results for surface preparation techniques

73

Table 2.8 – Compressive strength results from cross testing 




77

Table 2.9 – Average strain and average crack length at stage of failure


86

Table 3.1 – Definitions of surface characteristics





108

Table 3.2 – Acceptable Combined Ford (CF) readings for different vehicles, paint types and positions









109

Table 3.3 – Components manufactured for this research




121

Table 3.4 – Defects observed on the 10 bonnets





131

Table 4.1 – Controlled defects for each failure mode





182




































15

