Surface Characterisation of CFRP Composites

3.7
Experimental Methodology
The purpose of this research is ultimately to gain more information and a greater understanding on the quality of the Class A surface that is achieved with the CBS 95 material. This is achieved by a series of analytical techniques – both traditional and modern. Stereo and electron microscopy is employed to examine surface anomalies and through thickness slices to determine initiation and origin of the defects. This is expected to show microstructural details that may lead to explanations about the cause and formation of the defects that are apparent on the Class A surface. Models are introduced to explain initiation and formation of the common defects. The objective of the experimentation will be achieved by assessing the substrate surface immediately after de-mould from the manufacturing route and analysing these defect sites individually.  

3.7.1
Manufacturing Route for CBS 95

3.7.1.1
Kitting of the Aston Martin DB9 Bonnet 

When laminating into a mould that takes the form of the final component, hence there is complex curvature, the material can be “kitted” for that individual mould to ensure that a perfect fit is achieved and also to reduce the time of laminating into the mould. Traditionally, the “kit” is cut to a rough size and it is down to the laminators discretion to place the kit in the mould the most suitable way they see fit and then trim the kit to size. However this takes time. Using CNC nesting and cutting technology (Figure 3.13) the kit was formed (the details of the CNC nesting and cutting used cannot be disclosed in this research due to confidentiality reasons), the kit is then pre-cut and consolidated prior to being paced into the mould (Figure 3.14). This process allows the lay-up of the plies into the mould to be accelerated to reduce the manufacturing costs of the component.

[image: image1.wmf]
Figure 3.13 – Kitting process (Courtesy of Gurit UK)

[image: image2.wmf]
Figure 3.14 - Example of a pre-combined kit and material breakdown of an automotive boot lid (Courtesy of Gurit UK)

The component is manufactured using nickel electroform tooling (Figure 3.15). The nickel electroform tooling has also been used in simple slush moulding processes; the tool is heated by a simple heat exchanger. The same technology was applied here, the use of a simple heat exchanger to heat the surface of the tool.

[image: image3.wmf]
Figure 3.15 – Creating the Nickel Electroform Tool (Courtesy of Gurit UK)

Due to this method of curing the laminate, the cure time is reduced significantly. Using the standard method of heating in an oven or autoclave the cure cycle would be at least up to 5 hours long as the oven has to bring the material up to the desired temperature for cure, but also the mass of the tool, therefore to ensure uniform heating occurs dwell stages have to be placed within the cure cycle so all the areas of the tool heat at the same rate. Whereas, with the tool heating the material only, the surface of the tool has to be heated to the desired cure temperature, this reducing the length of the cure cycle significantly as no dwell stages are required. Figure 3.16 shows the cure cycle that is followed for the CBS 95.


[image: image4.wmf]Cure Cycle for CBS 95 (based on the resin cure profile)
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Figure 3.16 – Cure cycle for CBS 95 [Courtesy of Gurit UK]

3.7.1.2
Lay-up of the Aston Martin DB9 Bonnet

Once the kit is placed into the tool and in the correct position, the assembly is then prepared for the cure cycle. The tool and kit are sealed in, using the vacuum bag method with appropriate consumables (Figure 3.17). This is the lay-up that was used for all components during this research. 
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Figure 3.17 – Vacuum bag lay-up with consumables (Courtesy of Gurit UK)
The components that were laid up are detailed in Table 3.3. 

	Test Material
	CBS 95 (See data sheet in Appendix 5.21)

	Bonnet No.
	Consumables Used
	Demould Temperature ((C)

	
	Non-perforated release film
	Breather
	Nylon( bagging film
	

	1
	A4000 Release Film
	Air Weave N-4
	WRIGHTLON( 5400
	50

	2
	A4000 Release Film
	Air Weave N-4
	WRIGHTLON( 5400
	25

	3
	A4000 Release Film
	Air Weave N-4
	WRIGHTLON( 5400
	25

	4
	A4000 Release Film
	Air Weave N-4
	WRIGHTLON( 5400
	25

	5
	A4000 Release Film
	Air Weave N-4
	WRIGHTLON( 5400
	25

	6
	A4000 Release Film
	Air Weave N-4
	IPPLON( with moisture-lok KM1300
	26

	7
	A4000 Release Film
	Air Weave N-4
	IPPLON( with moisture-lok KM1300
	26

	8
	A4000 Release Film
	Air Weave N-4
	IPPLON( with moisture-lok KM1300
	24

	9
	A4000 Release Film
	Air Weave N-4
	IPPLON( with moisture-lok KM1300
	24

	10
	A4000 Release Film
	Air Weave N-4
	IPPLON( with moisture-lok KM1300
	24

	The laminate material used to manufacture the 10 bonnets above was taken from the same batches. The lay-up and cure cycle used are given in Figures 3.17 and 3.16, respectively. The consumables used are from Tygavac [101].


Table 3.3 – Components manufactured for this research

3.7.2
Analytical Methods

3.7.2.1
Proscan 2000

The Proscan 2000 gives a precise characterisation of the surface texture, waviness and the general form. It is a non-contact measurement technique with fast data capture and an extremely broad range of measurement areas. The Proscan 2000 is capable of measuring 20,000 individual points per line and can measure sections of up to 150mm long. It also has cut-off filters that can remove the influence of shape or texture from the scan between 0.08 - 8.00mm. 

On the Proscan 2000 there is a unique high resolution sensing technology. The S type sensors used on the Proscan Roughness Measurement system has a unique patented measurement technique with unmatched measuring performance. Utilising the natural frequency range of transmitted light, this completely safe technique offers resolutions of up to 3 nanometres and measurement ranges of 80(m to 10mm. 

By transmitting white light through a lens with abundant chromatic aberration built into it, it is possible to focus each colour frequency at a slightly different distance through the range of a sensor. As a part is placed in the measurement field a particular colour frequency is reflected back and analysed by a spectrometer. As the part is moved under the sensor, changes in surface shape are recorded as the colour frequencies change. Precise 3D images are generated by combining displacement to the sample surface with the accurate location of an X/Y linear positioning stage. 

[image: image6.wmf]
Figure 3.18 – The S-Type Chromatic Technique (Courtesy of Scantron)

Light from a white light source is reflected by a beam splitter and transmitted along a fibre optic cable to a measurement head. The measurement head focuses the white light through a lens with spectral aberration. This lens causes the different wavelengths of light to be focused at different positions in the measurement range. As the light falls onto the object to be measured only one wavelength is in focus for a given position on the object (Figure 3.18). 

The light returning from the object passes through the spectral aberration lens and back along the fibre optic cable. This time it passes through the beam splitter and is projected onto an optical pinhole. This has the effect of only allowing the wavelength in focus to pass through. 

To detect the wavelength of receiving light a spectrometer grating deflects the incoming light onto a CCD (Charged Coupled Device) sensor (the different wavelengths are deflected by different amounts). So from the position of the image on the CCD sensor and the wavelength of the light, the position of the object can be measured. 

3.7.2.2
Polishing Method

The polishing method that is used to prepare the samples for microscopic and optical observation is a fully automated technique. Figure 3.19 shows the polisher that is used from Buehler, it is an Ecomat 4. The process that is followed is detailed in Figure 3.20.
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Figure 3.19 – Buehler Ecomet 4 Automated polisher

A pre-programmed speed and pressure is set within the Buehler Ecomet 4 automated polisher. The motor is set to turn the polish table at 200rpm and the pressure that the head applies is 8 psi per specimen, the tray can hold up to 8 specimens at any one time. 
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Figure 3.20 – Buehler Ecomat 4 automated polishing process

3.7.2.3
Optical Microscope

The Olympus SZX9 Stereo Microscope (Figure 3.21) has been used for observation purposes. This microscope has a zoom ratio of 9 (as given by Olympus), which is 0.63X to 5.7X. The magnification indentations are 6.3x, 8x, 10x, 12.5x, 16x, 20x, 25x, 32x, 40x, 50x, and 57x. The images that have been taken with this microscope and used for the purpose of this report are each individually labelled with the magnification they were captured with. The bonus of using a stereomicroscope is that it gives depth to the images, which provides further clarity to the image. The Olympus BX51 Microscope has also been used for detailed images as the magnification ranges from 25x to 2000x. 
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Figure 3.21 – Microscopy equipment

3.7.2.4
Dynamic Mechanical Analysis (DMA)

Dynamic Mechanical Analysis (DMA) is a high precision technique for measuring the visco-elastic properties of materials. It consists of the application of a sinusoidal, step or fixed deformation to a specimen of material and measuring the resulting force transmitted through the specimen over a spectrum of time (frequency) and temperature. The DMA is a highly versatile piece of equipment able to determine mechanical properties, detect molecular motions and develop property-structure relationships. The DMA that was used for the purpose of this research was a TA Q800 DMA (Figure 3.22), using non-contact, linear-drive technology to provide precise control of stress, and air-bearings for low-friction support. Strain is measured using optical encoder technology that provides an extremely high level of sensitivity and resolution. 
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Figure 3.22 – TA Q800 DMA at Gurit UK.

The DMA measures changes in the visco-elastic properties of the material resulting from changes in temperature, atmosphere and time. The DMA is a stress force (or force) controlled instrument, which comprises of a motor that applies the force or stress to the sample and a displacement sensor measures the subsequent strain (or amplitude). When an experiment is defined, the deformation is described in the form of amplitude or strain. The sample is then held using the clamp appropriate for the application (for this research a three point bend clamp was used – Figure 3.23) and then deformed by the way of the pre-determined experiment. 
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Figure 3.23 – Three-point bend mode used in the DMA

The DMA then detects any change in the systems resonate frequency and subsequently adjusts the force applied by the motor in order to maintain the preset amplitude. The frequency of oscillation is a measure of the modulus (or stiffness) of the material, and the amount of force required to maintain the amplitude is a measure of the damping properties of the material. 

3.7.2.5 Thermal Imaging Camera

The IRISYS IR 1011 is a universal thermal imager. This infrared camera is ideal for predictive and preventative maintenance using temperature measurements. The specification of the equipment is as follows:

· Temperature measurement ranges: Range 1: -10°C to +150°C 

· Range 2: -10°C to +300°C

· Field of view (FOV): 20° x 20°

· Spectral Response: 8 to 14 micrometers

· Sensitivity: 0.5°K @ 30°C 

· Displayed IR Image: 96 x 96 pixels interpolated

· Detector: 16 x 16 pixel array

· Frame Refresh Rate: 8Hz

· Laser Pointer: Built in Class II to highlight the reference pixel

· Image Storage: Up to 1000 infra red images per MB of Memory

3.7.3
Environmental Analysis

3.7.3.1
MINOLTA Spectrophotometer CM-500 Series

The Minolta Spectrophotometer CM-500 Series (Figure 3.24) will be used to identify any changes within the Lab colour space of the panels that were submitted for environmental testing. This is a diffuse sphere spectrophotometer, integrated with a microcomputer. In this instrument, the light source illuminates the sample indirectly, eliminating many of the spectral interferences that can bias measurements. Replacing the simple photoelectric cell is a sophisticated monochromatic lens. Instead of measuring only three wavelengths, the monochromatic lens analyses the light reflected by the sample at discrete wavelengths across the entire range of the visible spectrum, typically taking measurements at increments from 400 to 700 nm. 

The environmental testing has taken place in America, one panel was sent to south Arizona for testing in a hot-dry environment, the second was sent to south Ohio for testing in a chemically exposed environment, and the third was sent to south Florida for a hot-wet environment. Results for the Lab colour space have been recorded every two weeks for a twenty week exposure time. The test details for each location are given in Appendices 5.22-5.24.
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Figure 3.24 - Minolta Spectrophotometer CM-500 Series

3.7.3.2
Gloss Analysis

Gloss is associated with the capacity of a surface to reflect more light in some directions than in others. The directions are associated with mirror (or specular) reflection normally have the highest reflectance’s. Measurements by this test method (ASTM D 523 1989 [102]) correlate with visual observations of surface shininess made at roughly the corresponding angles. The corresponding angles to read the gloss values in accordance with this ASTM are 20° and 60°. The 60° angle is used for comparing most specimens and for determining when the 20° may be more applicable. The 20° geometry is advantageous for comparing specimens 60° gloss values higher than 70. 

Measured gloss ratings by this test method are obtained by comparing the specular reflectance of the specimen to that from a black glass standard. Since specular reflectance depends also on the surface refractive index of the specimen, the measured gloss ratings change as the surface refractive index changes. In obtaining the visual gloss ratings, however, it is customary to compare the specular reflectances of the two specimens having similar surface reflective indices. The instrumental ratings are affected more than the visual ratings by changes in the surface refractive index, disagreement between the instrumental and visual gloss ratings can occur when a high gloss specimen surfaces differing in refractive index are compared. This is not possible within this area of research, as the panels were sent to an independent test company, therefore visual inspection could not be completed.

Each of the samples had recorded readings taken every two weeks over a twenty week period, prior to the result being recorded each of the samples was washed in warm water to remove surface dirt and debris that could interfere with the true result. 
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