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Project Aim 

To study the effects of Ultra-violet (UV) radiation and humidity on damaged and undamaged carbon fibre reinforced plastic (CFRP) samples. In other words, this will provide information on the remnant life of CFRP composite structures, in particular airframes, when subjected to any type of damage during service. 
[Grab your reader’s attention with a great quote from the document or use this space to emphasize a key point. To place this text box anywhere on the page, just drag it.]

Background and Rationale 
The use of composite materials such as carbon fibre reinforced plastics (CFRPs) has started several years ago to get into engineering applications such as the automotive and aerospace due to its low density and high strength (Yancey, 2013). The material is built-up into layers using the hand-lay-up process or using the compression moulding approach (ACA, 2015). Some of the issues encountered by this material include the change in properties when subjected to humidity, temperature, ultra-violet (UV) radiation or damage. 
The humidity means that water particles can penetrate through the material and possibly cause delamination of the layers and therefore weakness of the structure (Lei, 2000). On the other hand, the UV radiation can cause breakage of bonds of the polymeric material in the composite and this leads to deterioration and eventually failure of the structure (KUMAR, 2002). The above mechanisms become even worse when there is a damage at the surface of the composite material, which is something that needs to be addressed. It is therefore important to study the effect of the UV radiation on the properties and therefore the failure of composite materials.
In the current project, the environmental conditions such as humidity and UV radiation can be studied in the lab using CFRP materials (Chin, 2002). The loading of the material can take several forms such as bending or impact as well as tensile testing to simulate the real-life loading conditions. The various loading scenarios might lead to cracking in the matrix, delamination, fibre fracture and eventually failure of the material. The influence of UV can speed up the failure mechanism and this can evaluated in the current project. (Ullah, 2012). The results will provide a sort of comparison between fresh samples, i.e. undamaged and undamaged samples. The influence of the various factors can be studied in these materials and the reduction in strength between the damaged and undamaged samples can be evaluated. This will provide information on the safety aspects in particular when such components are damaged while in service and therefore the remnant strength and life of such structures. 

Objectives 
The following objectives can be proposed to meet the main aim of the current project:
· To investigate the influence of damage on CFRP structures
· To obtain information on the effects of UV and humidity on CFRP structures
· To research the effect of duration of exposure to UV/humidity interactions on the overall performance of CFRP materials
· Analyse the mechanism by which UV and humidity affect the internal structure of CFRP materials
· To propose a test matrix that simulates the real-life situation in airframe structures
· To evaluate the strength of materials under mechanical testing conditions
· To compare the performance of damaged and undamaged CFRP samples and the influence of the exposure to UV/humidity interactions.
· To reach conclusions and suggest redocumentations for future work.





Methodology
The method of testing of the material can evaluated as follows:
1. Build up the CFRP samples in the lab.
2. Apply Non-Destructive testing (NDT) techniques to check the quality of the manufactured samples, e.g. Ultrasonic scanning.
3. Test undamaged, i.e. fresh samples, in bending and record the strength (this will be the baseline strength).
4. Subject some samples to 60% of the strength recorded in point 2 (above). This will simulate the damage that might occur in real-life situations.
5. Subject the damaged and undamaged samples to UV radiation for a certain period.
6. Subject the damaged and undamaged samples to humidity for a certain period.
7. Test all samples in bending and record the strength value of each sample.
8. Study the mode of failure in materials under the various conditions using microscopy.
9. Carry out weight loss and surface roughness measurements throughout the experiment. This can be done at various stages:

· When samples are manufactured, measure the mass of each sample
· After exposure to UV radiation, measure the mass of each sample
· After exposure to humidity, measure the mass of each sample

10.  It is expected that the UV radiation might cause curing, i.e. drying, of the polymeric resin and therefore loss of the volatiles in the polymeric material alongside cracking of the surface (Liau, 2004), (Jain, 2012).
11. Compare results and draw conclusions.




Resources Requirements 
The project will require various items to be covered and this includes:
· The material has to purchased or manufactured in the university’s lab.
· Machines have to be allocated for testing the samples.
· There will be a requirement for a UV chamber.
· There will be a need for a humidity chamber.
· There will be a need for a microscopy facility.
· There will be a need for an NDT testing equipment.
· There might be a need for a budget to purchase the relevant testing standards (BS or ASTM standards).
· There will be a need for a library to study and a lab/workshop where testing can be carried out.
· There will be a need for a PC for data analysis and writing up of dissertation.
· There will be a need for someone to supervise the project (academic) and technically guide me through the work (technician).















Constraints 
The project will have various constraints, and this includes:
· The time of the project is limited to 4 months, which is very limited.
· The required materials and testing have to completed before the end of the project timeframe.
· The work has to be carried out in the lab inside the university and not elsewhere.
· The budget for the project is constrained by the college per student.
· The work has to be carried out by the nominated person and not anyone else (help is provided but the actual work by the student).

Potential Problems 
Some issues and difficulties might encountered during the project. This includes:
· A delay in obtaining the CFRP materials from the supplier
· A delay in building up the samples in the lab
· A delay in testing the materials in the lab due to the limited number of testing frames
· The unavailability of testing machines in the lab (due to breakdown, calibration requirements, etc.)
· Some delay due to the limited time of the technician or absence of the person in charge of the workshop
· There might be some delay due to high demand on testing frames and equipment in the lab by other students
· The absence of the supervisor or the student in charge of this project, which might delay some milestones and deliverables.
· Unexpected results from testing the samples might obtained during the project and this requires investigations (equipment errors, personal errors, materials behaviour, etc.)
· There might be some delay in finishing the testing and the analysis of results and therefore writing up of the dissertation.
· The work might delayed due to sick leave or personal matters, which require immediate action.
· The proposed plan might encountered by difficulties and this requires a mitigation plan to be set in place.
· Unexpected injuries or health and safety issues might encountered, and this will delay the progress of the project.
· The obtained results from testing might be in conflict with results from literature. This has to be justified and discussed with the supervisor.

Literature Review 
Definition
The CFRP materials are manufactured of carbon fibres mixed with a polymeric resin. The carbon is responsible for the strength of the material while the polymeric resin holds tight the fibres together. The fibres are stiffer and can be made of any material such as carbon, glass, metal and others (Composites, 2018). The epoxy resin is widely used in composite materials where additives can added to improve its performance. The resin acts as a binder that holds the fibres together in a defined orientation as well as protect the fibres from the environmental conditions and damage while in service. Moreover, the resin distributes the stress between the fibres and enhances the toughness of the composite structure. This means that the resin has a lower stiffness but a better toughness in comparison to the fibres of a better stiffness but less toughness. This means that the composite material benefits from both characteristics of the fibres and the resin (Masuelli, 2013). 
Influence of UV Radiation
Composite materials are attractive when it comes to their high strength and low density as well as the resistance against corrosion. However, the UV radiation is considered detrimental to composite materials as they it leads to damage of the interior structure of the composite and result in crasing, cracking and brittleness of the structure (Brennan, 1987). In this regard, the solar radiation can be split into three categories: ultra-violet (UV), infra-red (IR) and visible light. Of these, around 47% is visible light whereas the IR is about 51% and the remaining (2)is UV light. Despite the fact that UV light is minimal, it is very harmful to humans, animals and materials (Radiation_Solar, 2018). The wavelength if UV is between 290 and 400nm and contains 290-460kJ/mole. This energy is adequate to break the bonds in the polymeric material and cause a photo-oxidative reaction. This results in chemical changes in the structure of the polymer and leads to deterioration of the structure. The oxidative reactions lead internally to what is called ‘chain scission’ which results in a significant drop in the strength of the material and eventually failure (Kumar, 2002). 
To decrease the detrimental effects of UV light on polymeric materials, some additives are added to the polymer to reduce the rate of these reactions and protect the polymeric matrix. It is worthwhile mentioning that the UV light does not significantly affects the fibres as the carbon is able to convert these wavelengths to less damaging rays (Ota, 1985). The UV light also leads to weight loss especially that it causes the polymer to evaporate. 
This means that a protective layer might work better alongside the additives to reduce such harmful effects of UV radiation (TIPTON, 2000). In addition to the above, the UV light can have a direct influence on the surface and this becomes evident through roughness and changes in colour. This might be damaging to the interior structure in particular if water is to exist on the surface. This means that there will be an easy path for the water molecules through the cracks to perpetrate through the structure ad cause internal damage (KUMAR, 2002),


Influence of Water (Moisture)
One of the downfalls of composite materials is its susceptibility to moisture. This is due to the fact that water molecules can penetrate through the material and cause damage to the resin matrix, loss of adhesion between the matrix and the fibres as well as delamination of the matrix. All of these factors can contribute to a loss of strength and integrity of the material and eventually failure of the structure. The amount of moisture as well as the time of exposure are factors, which affect the absorption rate inside the composite material. Moreover, the thickness of the structure affects the damaging effects, i.e. small thicknesses lead to faster water uptake when compared to thick samples (Cândido, 2000). This effect can understood from the fact that water can cause volume changes and increase in the molecular movement. This effect will be more evident when the material subjected to high stresses and loads. The water absorption can also led to weight gain of about 3% as it is reported that the diffusion rate of water molecules inside the composite is about 2.62mm2/s. It also been found that the impact strength of the material upon water absorption decreases (Wosua, 2012). 
Some other studies revealed that the water absorption increases with increasing the fiber content. Once water is absorbed, it causes internal swelling and voids formation alongside micro cracking. This results in loss of mechanical properties due to the reduction in adhesion between the constituents (Alomayria, 2014).
Bend Testing
The mechanical strength of materials can evaluated by mechanical testing and this includes bending, tensile, compression and impact testing alongside other types of tests. In terms of bend testing, the sample normally mounted horizontally wherein a central load applied to cause deflection. During the test, the deflection of the sample measured as a function of the applied force. This type of test is known as the 3-point bend testing as it involves a central load and two reactions at the supports as a result of the applied load and hence, 3 forces in total (Bend_Testing, 2018). 
When testing composites, the strength is directly related to the applied load, type of material and the thickness of the composite. The thickness of the composite is dependent on the number of layers that makes the overall structure. This means that the thickness the sample the higher the strength of the matrix. However, it is essential to define an optimum thickness or otherwise the weight of the structure will therefore increase which is not always desirable (ARBAOUI, 2014). 



Relative Analytical Techniques
In order to analyse the results obtained from mechanical testing, it is important to define the parameters of each sample and the duration of exposure. The various variables in the testing of samples in the current project include:
· The damaging effects: there will be damaged and undamaged samples.
· Duration to UV light: some samples might exposed for 5 days while others 10 days.
· Duration to moisture: some samples might exposed for 5 days while others 10 days.

Weight Loss/Gain
The weight loss/gain can carried out during the test and this includes at various stages:

· Measuring the mass of each sample after manufacturing
· Measuring the mass of each sample after exposure to UV radiation
· Measuring the mass of each sample after exposure to moisture absorption 
The weight gain can be calculated by (Shen, 1976):
	


The weight loss can be calculated by (Shen, 1976):

	

Bending Strength
Under 3-point testing, it is possible to calculate the bending strength (-) of the material by knowing the following parameters:
(1) Load (F)
(2) Length of sample (L)
(3) Width of sample (b)
(4) Thickness of sample (d)
Once these are evaluated, the bending strength is obtained by (Flexural_Strength, 2018):

This equation is very useful as it allows the measurement of the flexural, i.e. bending, strength of the tested materials. The dimensions of the samples can be measured using a measuring calliper whereas the load measured by the testing machine. Once all the values are obtained, the flexural strength of all samples can be measured and compared. 
Amount of Damage
As discussed in the report, some samples will subjected to some damage prior to UV and moisture exposure. The procedure for this will be as follows:
1. Undamaged samples are tested under 3-point bending. 
2. The strength of the undamaged samples is recorded (this is the baseline strength).
3. Other samples are subjected slight damage (60% of baseline strength) without fracture.
4. All samples are subjected to UV and moisture.
5. Test all samples under bend testing and record strength.
6. Make comparisons between damage and undamaged samples as well as those exposed to UV and moisture.
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