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1 [bookmark: _Toc39252184]Abstract
This report looks at the affect that medium velocity projectiles have on materials used within the automotive industry. Three materials will be chosen from the automotive industry, two of the materials will be composites as they are showing prominence within the industry and one material will be of a traditional material; the test will contain a select of three different speeds, there will also be three different angles used within the experiment. This data will be collected, once analysed the materials will be compared to data found while, also, being compared with each other. A conclusion will be presented giving the findings and the outcome found from the experiment, this will include which material had the least effect and which material had the highest affect from the testing. This will lead to the answer of how medium velocity projectiles affect materials used in the automotive industry.
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Introduction
The world of engineering has changed significantly since the introduction of new manufacturing processes. Composites such as: carbon fibre and fibreglass have changed the aerospace, and automotive industry immensely with a shift further towards weight reduction to improve the efficiency and performance of planes and cars. This begs the question by moving away from more traditional materials like aluminium, does this cause a safety issue with vehicles when projectiles make’s contact with the vehicle? In terms of testing it will record and analyse the composite materials and a traditional material after impact has been made from a projectile, this will look at the structure of the materials chosen and see how the projectile has damaged the materials through comparison with undamaged test samples. These test samples will all be from the same sheet of material as to keep the consistency between all the sample materials. The set up for testing will be consistent throughout as it is key to make sure to regulate the number of outside factors when analysing the samples. 
There will initially be a look at possible forms of testing that could be used for this type of experiment. Research will be gathered: this research will look into the subject of damage to composites and damage on traditional materials including aluminium, this can lead to possible forms of testing that could be used to identify damage to the materials. An experiment will then be devised to look at damage of projectiles onto cars while at speed. This experiment will look at three materials, two composite and one traditional; there will be small stones used as projectiles and be a variant of different speeds used throughout the experiment to see the effects this will have on the materials. A section on the projectiles will be used and there will be a section on the projectiles used and the energy that they disperse from the gun. The energy levels will be worked out by using the weight of the projectile and the speed of the projectile, from these variables the energy equation can be implemented. This information will then be complied together and explained, showing the relevant energies while using the assumption that no energy was lost on impact with the test samples.  
From the experiment an investigation into the damage the projectiles produced onto the materials, this will be done through means of non-destructive testing and look at possible destructive testing that could be done after non-destructive testing has been completed. There will be an analysis section looking at the results of the experiments that have taken place; these results will compare test samples that were damaged to undamaged test samples and then further, look at how these materials matched up with each other. The non-destructive testing will look at the frequency of the experiment, the size and depth of the damage, including any patterns that may be found regarding the damage on the test samples. The destructive testing would be used to show directly if the damage consumed by the materials has directly affected their physical properties. The results of the experiment will be presented into graphs to be analysed, the graphs included will be: the energy of the projectiles impacting the test samples, graphs showing the stiffness and frequency of the test samples and bar graphs showing the average test sample for each or materials at each of the speeds. This will be a good way to indicate any significant changes in the frequency and stiffness of the materials. Images will be shown of the test samples and with an advance look into the dimensions of the damage materials. The report will, additionally, include a further work section: contain ideas on how to take the experiment forward with ideas on further forms of testing that could be made and a section with any work that was intended to be done, but was not completed in time (see timeline in appendix 4) that will determine plan for the report. 
The conclusion of the report will look at information gathered throughout the report, explain the aims and objectives of the report and summarise the findings, whether the objectives and aims of the report have been met, it will detail why the objectives were met or not from information gathered in the analysis section of the report. This section will then give the final verdict of whether composite materials should be implemented into cars or planes. If so, then what guidelines should these materials be implemented onto the vehicle.


2 [bookmark: _Toc39252186]Literature review
In the 1950s, composites have become a major part of the aerospace industry (Houston, 2019), from these composites a new method of testing had to be developed for low to high velocity impact testing to see the effect they would have on composite material. Composites have been part of cars as far back as 1945 when fiberglass body shell was introduced (Milberg, 2020). In 2011, the first mass produced car mainly made out of composites was released to the public (Milberg, 2020). This begs the question of how low to high velocity damage can cause Barely Visible Impact Damage (BVID) on a car or in the case of the aerospace industry, how BVID affects planes. If current trends continue the research into BVID is only set to increase as more and more parts of a plane, and car is set to be made out of composites. 
Modern structures of cars and airplanes have started to use reinforced plastic composites; this is due to their high specific mechanical properties. These reinforced composites do, however, tend to be brittle and susceptible to low velocity impact. These low velocity impacts tend to leave a small surface damage; these small damaged parts are barely visible. Such damage may be small and hardly noticeable but can damage the internals of the material. This will reduce the strength of the material, which in due time will result in the delamination slowly grow under stress that can be potentially led to failure (Meo & Polimeno, 2009).  Barely visible impact damage is the damage given to a composite that was caused by a low velocity impact, while during operation or maintenance, according to the British Institute of Non-Destructive testing. This kind of damage is commonly caused by objects, such as, tools falling onto body parts of cars or planes. This kind of impact damage can cause minor damage to the surface of the composite. This damage is hard to detect, thus gives the name BVID (The British Institute of Non-Destructive Testing, n.d.). This type of damage can however, cause significant damage to the internal structure of the composite, which can lead to a failure of the part (The British Institute of Non-Destructive Testing, n.d.).
Two of the most common ways of testing low velocity impacts is the Charpy impact test and the Izod impact test. A Charpy test is when the specimen is supported in a plane, when a pendulum is dropped from a height and impacts the test sample; the pendulum makes contact with the opposing side of the location of the damage (Patil, et al., 2018). This differs to the Izod impact test, the test is held in a vertical plane direction and impacted in the top of the part as shown in sample b (Patil, et al., 2018). 
[image: ] 
[bookmark: _Toc39225236][bookmark: _Toc39252234]Figure 1 a) Charpy impact test and b) Izod impact test
Parameters considered for small mass objects: look at the shape of the object, the velocity used and the mass of the object all of these factors have an influence on the results of the tests (PagetResponse & Olsson, 2001). The problem with drop tests is that they cannot simulate a small mass at a medium velocity impacts on the test sample, these medium size tests cause a more local response governed by transient flexural waves. The response in small mass impacts is unaffected by edge conditions and generally results in higher loads and more severe damage (PagetResponse & Olsson, 2001).
Impact onto composites have been given greater attention due to their increase use in the automotive and aerospace industry, as well as, other industries within engineering. Low velocity impacts tend to use speeds up to 10m/s, but use a much heavier weight; for example, a 5kg mass to replicate an object falling onto the part or some heavy debris hitting the part  (Yidris, et al., 2014; Iannucci, et al., n.d.). Whereas, medium and high velocity tend to use a lower weighted object, medium or intermediate velocity impacts are measured between 10m/s to 50m/s and high velocity impacts are measured between 50m/s to 2000m/s (Yidris, et al., 2014). Delamination may not have a large effect on the tensile strength of a composite, but it can significantly diminish the composite compression strength (Balageas, et al., 2006). The component itself can be affected by impact damage for example the local area of the damage component may be compromised (Balageas, et al., 2006).
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[bookmark: _Toc39225237][bookmark: _Toc39252235]Figure 2 Delamination from impact damage (Giurgiutiu, 2020)

Stiffness is important in the design of products that are only allowed to by a certain degree of movement (Materials engineering , 2020). These are important in transport, where the parts of planes or cars have to try and be as light as possible, plus, be stiff enough so that it will not break under any loading (Materials engineering , 2020).  Structural Health Monitoring (SHM) aims to give a diagnosis on a structure throughout its lifespan, this includes the looking at the structure as a whole, as well as separate components (Balageas, et al., 2006).  


[bookmark: _Toc466544923][bookmark: _Toc38889204][bookmark: _Toc39252187]Aims and objectives
The aim of the investigation is to see the affect that projectiles have on materials. This project will look at specifically the stiffness of the materials after the impact has been made by the projectile. The investigation will also look at the damage of the materials and seek to see any common factors that occur with the damage on the part and the stiffness of that part. The reason for why this investigation is taking place is due to the rapid change in of the manufacturing sector, away from traditional material and more towards composite materials. This is especially prominent within the automotive and aerospace industries, as cars and planes are moving towards a more composite based production; this has this leads to asking to asking the question on whether this change to save cost, weight and overall efficiency of the material is at a cost of safety of the vehicles. From the investigation, it would be expected that the aluminium test samples suffer the least amount of damage from the projectiles as to their increased stiffness. It would also be expected for the carbon fibre test sample to preform rather well due to its high stiffness, leading to the projectile inflicting less damage upon the part.  The expectation with the fibreglass parts is that they will project the most amount of damage visually and in the stiffness figures overall. This is expected due to fibreglass being compared as a cheap alternative to the other too material and its relatively low starting stiffness to the other two materials. The expectation to find that the bigger the damage on the surface of the part the more compromised the part, including the higher the speed of the projectile the greater the damage.


[bookmark: _Toc38889205][bookmark: _Toc39252188]Research
[bookmark: _Toc38889206][bookmark: _Toc39252189]Experiment
the experiment that has taken place involves a gun, information gathered about the automotive industry and the materialised has been collected, plus, speeds and angles which would realistically try and replicate the outside environment. It will contain 135 shots in total. Within the experiment, three materials will be used, these are aluminium, carbon fibre and fiberglass; all of these test pieces will be 2mm thick as to show consistency between the resistances for each material. The same size projectile will be used throughout the experiment, this projectile will be a half a gram weighted stone. There will be three speeds used, 30MPH, 50MPH and 70MPH, this is to replicate most common speeds on the roads of the UK (Gov.UK, 2019). With 30MPH being the most common speed limit within built up areas in the UK (Gov.UK, 2019), followed by, 70MPH being the speed limit on dual carriage ways and motorways (Gov.UK, 2019). Then 50MPH being the in between speed between the two set data points giving the experiment a spread of speeds. This will help see how speed can affect the damaged caused to the material. This could be shown with a relationship between the damage done to the test samples and the speed in which the damage was attained. In addition to the speeds there will also be a variant in the angles, this is to try and emulate conditions on the road as material would be hitting the car at all angles. The angles that will be used in the test are 45°, 90° and 135° angle, this is to cover a large area of angles and to see how this effects the damage on the material. The way that the fabric is woven in both carbon fibre and fiberglass will show how damage will spread across the material. 
Testing has usually been done on plates no thicker than 2mm or 3mm for high velocity impact (Patil, et al., 2018). Therefore, all of the material will be put to 2mm thickness as it was found to be easier to penetrate the material (Patil, et al., 2018), this will give a ground to compare this test to other experiment conducted. The test sample will need to be cut to the same size; as this would need to be relatively small to fit inside the vice for the experiment, therefore, a decided dimension was 50mm by 50mm. This dimension allowed enough error in the gun so that the projectile would hit the target, but not too large that the test sample cannot fit in the vice. In regards to the shape of the projectile, there are conflicting sources claiming how much of an impact the shape on the material, but other things have an impact: such as, the thickness of the material and the velocity of the impact, this in addition to the size of the projectile (Patil, et al., 2018).
[bookmark: _Toc38889207][bookmark: _Toc39252190]Aluminium 
Aluminium is one of the newest forms of metals, not discovered by humans until the 19th century; this was because aluminium does not appear naturally within its purest form (UC RUSAL, 2020). The reason why aluminium is being used is due to the fact it is the second most used material in the automotive industry (The aluminium association , 2019). It is, also, commonly used on bumpers, which is the aspect of the car being analysed in this scenario.  Aluminium is a soft metal with a face centred cubic crystal structure (Voort, 2012). Aluminium is more of a traditional material than the likes of carbon fibre and fiberglass; aluminium is also a strong tensile and lightweight. 
[bookmark: _Toc38889208][bookmark: _Toc39252191]Carbon fibre 
In the 1950s, high tensile strength carbon fibres were discovered, although, carbon fibre filaments were used in light bulbs as far back as 1879 (Anon., 2020). The potential of carbon fibre was not realised until 1963 where a new manufacturing process was developed by a British research centre (gravite, 2020); 2X2 twill is how the carbon fibre is being weaved. This is the most commonly used weave for carbon fibre and 2X2 twill weave is the most commonly used within the automotive industry.  This is because of the properties presented by a 2X2 twill weave, such as being more pliable and looser. This makes the material able to bend and be moulded around curves with fewer applications (Boeriu, 2014). The damping characteristics of the 2X2 weave allows the material to be made into complex shapes, which is an important feature as bumpers do take up unique shapes within a car. The way the carbon fibre is layered up is in a quasi-isotropic manner, meaning that each layer is placed randomly on top of each other. This was decided as the best option to use with regards to use testing as it is the most popular type of weave in both the automotive industry and in general.
[bookmark: _Toc38889209][bookmark: _Toc39252192]Fiberglass
The first glass fibres made similar to anything we have currently was made by Dale Kleist, a researcher for Corning Glass, he had stumbled by luck on a method to create fibreglass (Bellegante, 2001). Further development was made when Corning Glass joined up with Owens-Illinois for experimenting with fibreglass (Bellegante, 2001). These two companies later merged to be to become Owens-Corning (Bellegante, 2001). The fibreglass was made with the same resin and the same set up, with 2X2 twill, the same that is being used with carbon fibre; the way the fibreglass is layered is the same as the carbon fibre, as to have consistency throughout the experiment, the fibreglass has also been layered up in a quasi-isotropic manner. 
[bookmark: _Toc38889210][bookmark: _Toc39252193]Non-Destructive Testing (NDT)
There are many different types of non-destructive testing (NDT). However, with the experiment and the equipment available, there are only three options, these are ultrasonic testing, Laser Doppler vibrometer testing, thermography testing and microscopic testing.
[bookmark: _Toc38889211][bookmark: _Toc39252194]Laser Doppler Vibrometer (LDV)
LDV is a form of measuring velocity resolution and displacement. This will be the main way of detecting the damage done throughout the test samples. This is done by measuring the frequency of the test samples and seeing if they have changed from when they were damaged. If the frequency has decreased then this means that the part has been compromised, this is shown in the equation (National Center for voice spring and speech, 2020; ncalculators , 2020);

[bookmark: _Toc36487386][bookmark: _Toc38889268][bookmark: _Toc39252254]Equation 1 Frequency
This can be rearranged to the following equation;

[bookmark: _Toc36487387][bookmark: _Toc38889269][bookmark: _Toc39252255]Equation 2 Stiffness
From the rearrangement we can find out the stiffness (spring constant), if the stiffness has decreased we can see if the test samples have been compromised, from their original state and are, therefore, more likely to fail under the stress that is exerted on to the part. 
[image: ]
[bookmark: _Toc38889249][bookmark: _Toc39252236]Figure 3 Polytec example of the inner workings of PSV 400 
PSV 400 Polytec
The type of Laser Doppler Vibrometer used is the PSV-400 Vibrometer. This is a non-contact measuring tool (Polytec, 2019). The equipment works by visualising and analysing of structural vibrations.  This works by determining the operational deflection shapes and Eigen modes as easily as taking a photo (Polytec, 2019). The entire surface can be scanned and probed automatically, this is done by using a flexible and interactive measurements grids. These frequencies can be used over a wide bandwidth (Polytec, 2019). The main function of the camera is to determine the dynamic parameters of a structure. The parameters to use the equipment are listed below;
· operating temperature: +5 … +40°C
· relative humidity: max 80%
· range of fluctuations in the frequency: 0…20 MHz
· accuracy of fluctuations in speed: ±10 m/s
[bookmark: _Toc38889212][bookmark: _Toc39252195]Thermography
Thermography is one of the methods of NDT; thermography is the distribution of surface temperature (Veyssière, et al., 2001), this is done to look at the structure surface (Veyssière, et al., 2001). Within thermography there are sub sections and different methods of thermography. These include Lock-in thermography (LT), pulsed (PT) and stepped thermography (ST/SH) (Palumbo, et al., 2019). All of the types of thermography use a surface heat source to mimic thermal waves (Palumbo, et al., 2019). This is to determine the heat flux of the material and analyse the temperature differences on the surface of the component. The purpose of thermography is to look at defects of the material; this should show a different temperature to the rest of the material. The three most used types of thermography are: pulsed, lock in and cooling analysis (Palumbo, et al., 2019), with the equipment available pulsed is the process that will be used to analyse the results. The equipment used will help show the dimensions of the damaged piece. This will help show the dimensions of the damage, these dimensions may change depending on the angle and speed in which the object has contacted the material. This would also include the material itself, as they may react differently to each speed and angle. The shape of the damage will depend on how the material is woven in the factor of fiberglass and carbon fibre.
Pulsed  
Pulsed and lock-in both use external heat source to simulate materials for inspection (Palumbo, et al., 2019, p. 255). To begin with, pulsed thermography applies a short thermal simulation. This is to produce a presence of a defect that will be revealed by looking at the surface decay of the test piece. 
[bookmark: _Toc38889213][bookmark: _Toc39252196]Microscopic
The microscopic testing that will be done is the same as the thermography, to look at the different samples and see the damage that has been obtained to the sample, look at the dimensions of the damaged samples. The microscopic damage would not show the depth of the damage, like a good ultrasonic device would if available but this is still a good option for up close photo taking of the damage and using it as an example. This type of testing allows damaged composite to be seen that would otherwise go unnoticed such as; delamination, matrix cracking, matrix breakage, fibre cracking, and fibre breakage. From finding this information out, we could look at the test samples present, determine where and what the damage is and compare this to previous tests done on the subject.  
[bookmark: _Toc38889214][bookmark: _Toc39252197]Compression After Impact or (CAI)
Compression after impact or CAI is a test that involves subjecting a test sample to compression. This type of testing is done by first clamping the test samples down into a vice with the test sample in the middle, a load will be placed on top of the piece. This will apply a force onto the test samples, the force increases until the sample breaks (Rivallant, et al., 2014). The setup of a usual CAI test is shown in the image below;
[image: ]
[bookmark: _Toc38889250][bookmark: _Toc39252237]Figure 4 CAI setup (composite structures book)
CAI testing looks at the deflection of the material as by the force exerted on the part. This is a good physical test to see if the damage in the part has affected the material, we would expect the non-damaged test samples to last longer within the test; than damaged samples with a greater amount of force being applied onto the non-damaged test piece, before the sample breaks. The deflection within the damaged test pieces would be expected to be higher than the undamaged samples compared by force.


[bookmark: _Toc38889215][bookmark: _Toc39252198]Methodology 
The experiment was carried out, due to timing issues different projectiles had to be used, this led to the test sample to be hit by different weighted projectiles as such, the energy levels that the object was hit were shown to have changed depending on the weight of the object. However, the range difference between the projectiles are measured at most 0.4 of a grams, this would change the energy levels slightly as shown in the following graph;
 
[bookmark: _Toc38889251][bookmark: _Toc39252238] Figure 5  Energy absorbed by the samples
As shown above the impact energies are split into three distinct sections. The first section as shown have all been hit with a similar amount of energy with very little difference in the energy levels. The second band of data point are slightly further apart however the majority of the data points are around the same section. The final section, the energy absorbed shows quite a range of energy from 0.54J of energy to 0.32J of energy, this is due to how energy is worked out in the equation;

[bookmark: _Toc36487388][bookmark: _Toc38889270][bookmark: _Toc39252256]Equation 3 Energy
As seen in the equation, the mass of the object is multiplied with the velocity of the object, this creates a situation whereas the speed continues to increase the variability within the energy levels will differ more, as shown through simple mathematics. However, the energy levels are similar enough throughout the experiment to count the information as valid. The test samples were cut and labelled from 1 to 135, once the gun was set up and the speed accurately calculated within 0.05m/s, the test samples were one by one put into a vice that holds the sample at the required angle as shown in the experiment plan; the gun would then fire at the test piece. The piece will be replaced with the next sample and the process will be repeated. The first 15 test pieces were done at 30MPH which is equal to 13.4112m/s; along with all of the test samples being upright at 90°, the angle then changed to 45° (tilted towards the gun) for the next 15 samples, the angle then changed to 135° (tilted away from the gun) for the next 15 samples. This process was repeated for the speeds of 50MPH or 22.352m/s and 70MPH or 31.2928m/s. 
After the testing was completed the test samples were taken for NDT testing with the Laser Doppler Vibrometer, the test was set up and images of the set up are shown in the appendices labelled appendix 5. The vice holding the piece had a mark either side where the test samples could go into for valid frequency range. This was done due to the fact if the test sample was too deep within the vice the frequency would be higher as the test sample is lower down restricting the movement of the sample. 
The LDV was then set up facing each sample. Each sample then had its frequency measured and recorded within excel, this included the undamaged samples that were measured for their frequencies, these were then compared and put into charts. The samples were given a range of frequency depending on depth of the part, the vice was marked with a board marker where the frequency ranges would be between the top of the marker and the bottom; this can be seen at appendix 7. Only one piece had a frequency problem and this is due to the defect of the one part, this is a fiberglass part where the part got thicker towards the end, this is shown in appendix 9; this caused the part to be unable to be clamped in the vice correctly, this meant that the material had to be flipped to the side without the defect to take the frequency and the reading was in line with what the rest of the fiberglass frequencies showed. 


[bookmark: _Toc38889216][bookmark: _Toc39252199][bookmark: _Toc466544929]Results
The results that were gathered from the LDV frequencies were gathered from each test piece including, additional test pieces that were not damaged by the projectile. This data was put into graphs, to compare the effect that each material compounded from the projectile at different speeds. From this we can tell which material was most effected by the impact damage on average. The error bars that will indicate the range in which each sample may vary by; this was calculated by taking the average sample from each speed group, testing them at the deepest part of the vice that was marked and then testing as high in the vice as possible, this gave ranges for each of the speeds which change slightly for each speed. The second equation will be used in the second part of the results to look at the stiffness of each test pieces including the undamaged pieces. The error bars that are shown on each of the stiffness test samples and average stiffness graph were worked out from the second equation: by taking the highest and lowest frequencies and implementing the frequencies into the equation. The higher frequency can then be taken away from the lower frequency; this gives the error bar. 
[bookmark: _Toc38889217][bookmark: _Toc39252200]Aluminium

[bookmark: _Toc38889252][bookmark: _Toc39252239]Figure 6 Frequencies of Aluminium
This is a graph showing all of the frequencies recorded for aluminium. The yellow bar is the undamaged sample. As seen the frequencies between all of the samples very between 480HZ to 650HZ at all speeds which show no clear correlation between the speed and the frequencies acquired. 

[bookmark: _Toc38889253][bookmark: _Toc39252240]Figure 7 Average frequency Aluminium
The graph above shows the average frequencies for each of the speeds and undamaged pieces. When shown as an average it can be seen that there is a slight decrease in the frequencies as the speed increases. However, all of the speeds frequencies average higher than the undamaged piece. 

[bookmark: _Toc38889254][bookmark: _Toc39252241]Figure 8 Stiffness of Aluminium test pieces
The stiffness of each of the aluminium samples were put into a graph with the yellow line being the stiffness of the undamaged aluminium piece, as shown this is very similar to the frequency table with slight differences in height of each bar. There is a range of stiffness which are from 111000NM to 213000NM with no clear correlation between the different speeds.

[bookmark: _Toc38889255][bookmark: _Toc39252242]Figure 9 Average stiffness Aluminium
When the stiffness was put into a graph and averaged, it can be seen that there is no correlation between the speeds or undamaged piece. With the average 50MPH being larger than the 30MPH and the 70MPH, while the undamaged piece being above the 70MPH but below everything else.
[bookmark: _Toc38889218][bookmark: _Toc39252201]Carbon fibre

[bookmark: _Toc38889256][bookmark: _Toc39252243]Figure 10 frequencies Carbon fibre
After all of the carbon fibre was analysed for their frequencies, they are presented in the graph above. 

[bookmark: _Toc38889257][bookmark: _Toc39252244]Figure 11 Average Frequency Carbon fibre
When the samples have all been averaged it is clear to see that the frequency in carbon fibre has dropped by roughly a 100HZ on average for the 30MPH test piece. At 50MPH it is clear to see a slight drop again in the frequency, though the error bars due to overlap somewhat. This is followed by a slightly smaller drop in the 70MPH test samples; however, this is negligible in the terms of frequency due to the error bars overlapping each other so profoundly.

[bookmark: _Toc38889258][bookmark: _Toc39252245]Figure 12 Stiffness of Carbon fibre samples
For the stiffness it is seen that all bar one of the samples is below the undamaged sample, the one outlier is due to the undamaged sample having a smaller mass compared to that of the other test samples. This is caused as perfect cuts of the material were not taken perfectly giving a difference in weight and resulting in one anomaly. Otherwise all of the samples are below the undamaged test piece. 

[bookmark: _Toc38889259][bookmark: _Toc39252246]Figure 13 Average stiffness Carbon fibre
When all the stiffness are put into the graph its clear to see on average the undamaged piece had a significantly higher stiffness than the damaged samples. Similarly, to the frequency charts that were shown there is a considerable drop from 30MPH to 50MPH although the error bars do overlap somewhat, with the difference between 50MPH test samples and the 70MPH test samples being too close together to see a reasonable difference.
[bookmark: _Toc38889219][bookmark: _Toc39252202]Fibreglass

[bookmark: _Toc38889260][bookmark: _Toc39252247]Figure 14 Frequency of Fibreglass
The same as the Carbon fibre, the fibreglass test samples all have frequencies below the undamaged test samples, this indicates that there was an effect on all of the test samples from the projectiles used. As with the other two materials it is hard to tell if the speeds have had an effect on the material. 

[bookmark: _Toc38889261][bookmark: _Toc39252248]Figure 15 Average frequency of fibreglass
The average frequency chart within fibreglass shows a similar image to the average frequency chart of carbon fibre. With a drop between undamaged test samples to the damaged samples with a slightly larger drop but significant between the 30MPH test samples and the 50MPH test samples, but a very small drop in frequency between the 50MPH samples and 30MPH samples. The error bar on the fibreglass is larger than the carbon fibre, this is most likely caused by the LDV machine struggling to get focus on samples, due to the colour of the sample. This can be seen in the appendix as number 11.3 where example test pieces lay. 




[bookmark: _Toc38889262][bookmark: _Toc39252249]Figure 16 Stiffness of Fibreglass samples
Due to the greater error bars on the frequency and the smaller stiffness of fibreglass, this has led to the error bars on the test samples to be larger of those on aluminium or carbon fibre. Though it is seen that all of the samples are below the undamaged test piece bar one, this could be because of the range of error bars and this one sample being on the higher side of the error bar. 

[bookmark: _Toc38889263][bookmark: _Toc39252250]Figure 17 Average stiffness of Fibreglass
The average stiffness graph shows a drop in the stiffness from the undamaged piece to the damaged pieces and a clear drop between the 30MPH speed to 50MPH speed, like the carbon fibre. The difference between 50MPH to 70MPH is negligible and the error bars are too large to say decisively if there are any differences.  
[bookmark: _Toc38889220][bookmark: _Toc39252203]Impact Zones 
The impact zones across the three materials are random for each sample, this can be seen under appendix 11 where all of the outliners are shown, each of them with a different position of where the point of impact occurred. When looking at the impact zones, it can be seen that there are in a wide variety of sections across the three materials, this is due to the accuracy and precision of the ballistic gun being poor. This was added with the projectiles used for the experiment, the projectiles would spin once released by the ballistics device, this would cause face impact of the projectile to be different each time as well as the location of the impact. Explaining why some test samples were damaged more than others and some samples may have received less damage than others. 
[bookmark: _Toc38889221][bookmark: _Toc39252204]Analysis
[bookmark: _Toc38889222][bookmark: _Toc39252205]Aluminium 
Regarding figure 6 and the decrease in frequencies as speed increases, the frequencies of all the test pieces being higher than the undamaged piece. This may be caused by the material actually hardening causing the frequencies to increase as the stiffness would increase. Another possibility of this is that the frequencies are so close together and the error bars do overlap, that the damage has not affected the frequencies of the test samples much if at all. This may also be due to the projectile, as it was found that the radius of the of the projectile that makes contact with the aluminium plate is critical in determining the impact energy absorbed by the aluminium plate (Corran, et al., 1983). This could explain why the frequencies on the aluminium did not change as the projectiles being use were small; this can be seen in the appendices under appendix 8 and could have led to a small radius that would have made contact with the material. Figure 8: showing the average stiffness of the chart for aluminium shows a slight difference between the difference speeds and the undamaged part but show no consistencies; added with the overlap in error bars, it can be said that the damage to aluminium samples in terms of the stiffness properties of the material has not been affected by the experiment. This would suggest that the projectiles made little to no impact on the stiffness of the material. 
[bookmark: _Toc38889223][bookmark: _Toc39252206]Carbon fibre
 It was clear that all of the damaged pieces were below the frequency of the non-damaged piece. This indicated that the carbon fibre had been affected by the projectile. Although, when scattered there are clearly some samples that have had a change in frequency more than others. Figure 10 shows that the projectile did have an effect on the carbon fibre by lowering all of the damaged samples below the undamaged samples. This is what was expected when the experiment began, as the damage that would have compromised the stiffness of the part thus lowering the overall frequency of the part as shown in equation 1 and 2. We can see this in figure 11, as the stiffness of all of the test samples besides one is below the stiffness of the undamaged part. When put into an average in figure 12: it’s quite clear to see a large drop off between the undamaged sample to the damaged samples followed by a slightly smaller drop in stiffness between 30MPH and 50MPH, but a minuscule drop between 50MPH to 70MPH. This could be caused by the sporadic energy levels that was absorbed by the parts, this can be seen in figure 4 as there might not be a large enough gap in energy levels to clearly see a defined difference in 50MPH test samples and 70MPH test samples. As the energy levels used only increase by on average by 0.2J, and at its smallest the energy gap is only 0.4J, this could skew the results on how affected the test samples are between these speeds. When looking at the decrease in stiffness the averages can be taken away to show the difference of 20706N/m between the undamaged test sample and the 30MPH test samples, this is then followed by a change in stiffness of 11081N/m between the 30MPH and the 50MPH test samples: showing a slightly shorter loss of stiffness of the part. Other experiments relating to the subject tend to use higher energy levels, usually ranging between 1J to 10J, these are higher than 0.1J to 0.5J used in this experiment. This was caused by the low weight of the projectiles, however, found in a study that when using 1J to 3J with the small dents that are seen in the carbon fibre (Murat & Rahman, 2016), this is the same as what can be seen in this experiment. 
[bookmark: _Toc38889224][bookmark: _Toc39252207]Fibreglass
Figure 14 presents an expected result about what was expected from the experiment with very similar results to the carbon fibre with all the damaged samples having a lower frequency than the undamaged samples. From these frequencies, it is seen that the stiffness of all the test samples besides one, test sample 7, this image can be found in appendixes under appendix 11.3.1. The difference starts at the amount of how the stiffness has declined in the part with a drop in stiffness from undamaged sample to the 30MPH test samples, and a larger drop in stiffness between 30MPH to 50MPH, and a minuscule difference in the stiffness from 50MPH to 70MPH as stated, this is most likely due to the small energy level change unable to be significant enough at the higher speeds. This is shown when looking at the averages and taking them away from each other, the difference in change of the undamaged test sample to the 30MPH test samples show a loss of stiffness of 12606N/m this is less than the carbon fibre, in regards to the second drop in stiffness between 30MPH and 50MPH, a greater loss of stiffness occurs on average 17247N/m. It would have been expected this test for the material to decrease in stiffness as the energy levels increased for the projectile. This can be seen with ARPN Journal of Engineering and Applied Sciences, where they see an increase in displacement of their fibreglass as the speed of the projectile increases (Safri, et al., 2015). We can see this with the damage sustained to the part as the speeds increase, there is on average a greater damage done to the parts.
[bookmark: _Toc38889225][bookmark: _Toc39252208]Impact Zones
There were several test samples in each of the materials that stood out, these are shown in the table blow and listed by material.
	Aluminium test samples
	Carbon fibre 
	Fibreglass

	17
	12
	82

	46
	87
	85

	47
	103
	114

	65
	120
	69

	92
	15
	81

	
	
	7


[bookmark: _Toc38889267][bookmark: _Toc39252257]Table 1 Test samples for analysation
All of the samples chosen are shown in the appendixes under appendix 11. Firstly, there will be a look at the aluminium test samples, with test sample 17 which was fired at 30MPH, test samples 46,47 and 65 fired at 50MPH and test sample 92 which was fired at 70MPH. Test samples 92 and 47 have a very similar, central to the whole piece, test sample 47 is slightly lower and to the right of sample 92. Test sample 46 is lower down to the left of the other two samples. The inconsistency in ballistics is shown by the test samples 46 and 47 one is to the left of the centre line and the other to the right. Test sample 17 has the location of its damage towards the bottom right hand corner of the test piece. Away from the other samples where their damage was collected towards the centre. Test sample 65 is different to all of the other samples as it had a number of damage points. This is most likely due to the several points of the projectile making contact with the test sample, though other samples such as test piece 92 have also have a small amount of damage points away from the main damage, but this is not to the extent of sample 65, which has two main sections where damage occurs and four small areas of damage. Three of the five test samples have the damage close to the centre of the test samples, though test 46 is considerably lower, the other two test samples are unique, with test sample 65 having several major damage points and test sample 17 being towards the bottom right of the section. 
In carbon fibre there were four test samples that were below the frequency decided upon to look at and one piece that was above the stiffness of the undamaged test. In regards to the location of the impact zones of the samples that were severely damaged there is only one sample that shows clear signs of where the damage is present, this was sample 103, two samples where the damage is visible when inspecting in depth, these were samples 87 and 120, there was only one sample where there is no sign of damage, sample 12. The sample with unregularly high stiffness has no visible damage that can be looked upon. This is all highlighted within the appendixes as appendix 11.2. Where the detectable damage is spread once again with damage on sample 103 was low on the test sample with a clear and defined dent in the material. Test samples 87 and 120 are higher up on the test piece with smaller scratches, that have left a slight mark on the material.
Fibreglass had five test samples that were analysed visually due to their low frequency recordings and one sample being looked at due to the high stiffness within the test sample. The damage on the test sample 7, the sample which was above the stiffness of the non-damaged sample when recorded, the sample has a small visible mark where the projectile has contacted the test sample. The location of the damage is roughly centre of the piece and positioned slightly below the halfway of the test sample, with a small mark slightly above. The damage on the piece looks minimal when giving a visual inspection of the test piece. The samples that were below the frequency required for testing were 69,91,82,85 and 114. Samples 69, 82 and 114 have all got damage in the centre of the test sample, with sample 114 having two sections of damage with a break in the fibres that seem to link up. Sample 82 is slightly above the centre of the test piece whereas sample 85 is slightly below the centre of the test piece. All of the low frequency samples have significant dents on the test samples. 
[bookmark: _Toc38889226][bookmark: _Toc39252209]Comparison 
The aluminium test samples preformed the best out of the materials tested. This was shown by the test samples having had no significant change in stiffness, this is seen with the consistency of the average charts with the undamaged test samples: roughly being similar to each other. In regard to the speeds in which the projectile contacted the material. The other two materials used were roughly similar to each other, both with a loss of stiffness between each speed besides 50MPH to 70MPH; though the loss in stiffness was greater in the carbon fibre between undamaged sample and 30MPh. Whereas, the fibreglass bigger loss in stiffness was between 30MPH and 50MPH; in total the loss of the carbon fibre from undamaged sample to the 70MPH test samples were 32832N/m and the total loss of the fibreglass stiffness was 31523N/m. The change in stiffness is nearly the same out of the two materials, by percentage however, fibreglass has lost a lot more of its stiffness as carbon fibre starts with a higher stiffness than fibreglass. The percentage lost by carbon fibre was 25% in total, which is a significant amount but compared to fibreglass that lost, an additional 10% of stiffness with 35% of the stiffness of fibreglass being lost. This is why it is stated that fibreglass was the material affected by the projectiles the most, though there isn’t much of a difference between fibreglass and carbon fibre. 
[bookmark: _Toc38889227][bookmark: _Toc39252210]Further work
[bookmark: _Toc38889228][bookmark: _Toc39252211]Planned further work
There were two other types of testing that was meant to commence, however, due to unforeseen circumstances, these activities could not take place. This has changed the original plan of the project; these changes can be seen within the appendices under appendix 4. These were the thermography testing and the microscopic testing; both were forms of analysing the material and the shape of damage that the projectile had caused. The focus with both types of testing was to look at the outliers of the experiment, gather those test samples and look at each sample under the thermography camera and the microscope. These samples are previously shown in table 1. These samples had to be chosen, there had to be a decision of how this would be done and what counted as an outlier. So, when looking at the carbon fibre and fibreglass data it is clear to see that the test samples that were above the stiffness line of the undamaged test samples, these were test samples 15 and 7. In regards to the other samples that were under the frequency expected, it was decided to look at the frequencies of each material separately, with the aluminium frequency being below 500HZ would be chosen; frequency under 550HZ for carbon fibre and 400HZ for fibreglass.  All of the samples chosen are shown in the appendices under appendix 11.  
Once chosen, each sample would have gone through the thermography testing first and then the microscopic testing. The data then would be analysed looking at the dimensions of the damaged section of the test piece, in regard to thermography testing, the data could show the depth of the damage across the whole of the test sample. From looking at the data we could gather any common features: these include the depth of the damage, length or width of the damage, perhaps none of these and where the damage is located on the sample could affect the frequency, and stiffness. Images would have been taken showing the damage and the measurements around the samples. From these results it would have been expected to be images similar to the image shown below:
[image: ]
[bookmark: _Toc38889264][bookmark: _Toc39252251]Figure 18 Thermography image
From the images the area of the impact damage could have been found. The image would have annotated for each material allowing for depth to be measured, as well as, length and width allowing for analyzation; to see if the impact area has any correlation to the frequency received in the length. This could conclude with a relationship between the two, if so what kind of relationship and what can be commonly found in the relationship to give an indication? If no relationship was found, then it could be looked at that perhaps why no damage relationship had occurred. When looking at the size of the area of damage it is key to look at the internal damage that may occur, as a 1J impact that can lead to internal damage that could possibly lead to failures (Murat & Rahman, 2016). If this was the case there would be no link, as the damage on the surface may be barely visible or not visible at all, while inside the structure there would be extended damage (Wronkowicz-Katunin, et al., 2019 ). This can be seen in the results when looking at the test samples presented, some damaged materials are clear to see where others are not. This can be seen between test sample 12 and 103, where it can be seen that test sample 12 has significantly more surface damage than test 103. Though as the velocity increases the visibility of the damage does increase (Safri, et al., 2015). The relationship found may lay in the increase in velocity leading to a greater area of visible damage. This could lead to some correlation between velocity, area or the impact and the damaged sustained, but this would need to be explored further.
From the microscopic testing, it could have been determined on the damaged composite materials if any: delamination, matrix cracking, matrix breakage, fibre cracking, and fibre breakage were observed. If so to what degree? How bad was the damage? Were there clear breaks worse in some test pieces than others? In the carbon fibre and fibreglass, it would have been expected to see some deformity within the material. An example of what would have been found is shown below:
[image: ]
[bookmark: _Toc38889265][bookmark: _Toc39252252]Figure 19 Microscopic image
Where the delamination and matrix cracks appear, we would be able to see which test pieces received the most damage and from this they should line up with the frequency given out by the test samples. Validating the LDV test and being able to show where the damage occurred.
[bookmark: _Toc38889229][bookmark: _Toc39252212]Suggested improvements
There are several improvements that could be made to the investigation to help improve the results. The first act that could be made to further the work in this investigation is to use a compression after impact (CAI) test. This form of testing would be done to follow on with the NDT that was carried out previously. The results of each test would then be recorded and shown in a graph, measuring the force of the load being applied onto the test sample compared with the deformation of the part, an example of this is shown below:
 [image: ]
[bookmark: _Toc38889266][bookmark: _Toc39252253]Figure 20 Compression of force-displacement graph
The image shows a model and two samples that were tested. The graph shows that as the force increases the deflection within the test samples increase, this continues until the material breaks as shown by the lines presented, when the material breaks it is represented in the vertical line as seen in figure 18. The issue with this form of testing is that the damage on the test samples would have to be consistent on the location of the damaged material unlike the test samples used in this investigation. This is because if the damage is in different sections of the material that could skew the results of the CAI testing. 
This leads to the point of testing: a suggestion of improvement is to look at a ballistics tester that could be more accurate and precise with the locations of the damage being spread around the different parts of the samples, this could contribute to different ranges in frequency’s that were seen across all of the test samples. The investigation could be split into three parts: it would start with looking at aluminium and seeing how the size of the projectile face of impact affects the frequency as of the aluminium test piece. This would be done with circler projectiles that would rise in sizes to prove whether the area size impacted face of the projectile would affect the stiffness of the aluminium samples. In regard to carbon fibre and fibreglass, it would be useful to use other forms of fibreglass and carbon fibre, then compare the results given from the different form of carbon fibre and fibreglass to the test samples used in this investigation. This could gather information on which type of carbon fibre or fibreglass is more resistant to projectiles. An example would be to use 2x2 twill fibre and 1x1 plain weave and seeing if this improves the stiffness of the test samples or cause more damage by using a different type of weave that is uncommonly found in industry. The energy levels absorbed in each of these tests should be increased, looking at energy samples between 1J and 10J to see any lasting effects; the velocity of the projectile should be kept low, but the projectile itself should increase in mass to meet the energy levels decided upon. This would allow further investigation into what the limits are with composites used in the automotive and aerospace industry.



[bookmark: _Toc38889230][bookmark: _Toc39252213]Conclusion
This investigation was set out to look at the damage that small projectiles based on materials used on a car, specifically a bumper, this was to see if these materials would receive near to no damage or would the material sustain lasting damage caused by the projectiles. This is, also, an issue for the aerospace industry as planes tend to have problems with low velocity, medium velocity and high velocity impact from projectiles. The experiment has look at the material that was affected the least by the experiment, the investigation has also look at the effect that speed has to the effectiveness of the materials. The task was to gather the research relating to the task, looking at forms of non-destructive testing and destructive testing; the experiment itself, as well as, looking at the materials that were going to be used within the experiment. The materials chosen were carbon fibre, aluminium and fibreglass, there were several possible ways of testing, with three non-destructive forms chosen to analyse the sectors and one form of destructive testing. 
The experiment was decided by looking at other forms of testing done, including: the gathered data on speed limits and the type of projectiles that would contact the vehicle, the thickness of the materials being used is based off other investigations set around this topic. The decision to use test materials in angles of 45, 90 and 135 degrees was to give a variety of angles, in which the projectile would contact the test samples. The test was carried out with no issues. Once the experiment was conducted, testing began with LDV; the results of which were recorded into an excel spreadsheet, there were some issues with the LDV test at times due to the colour of the fibreglass and aluminium. This led to the LDV struggle getting an accurate reading on some of the parts; there was a human error in the setup of the pieces as the piece was put into the vice too deep, which effected the results dramatically. These tests needed to be re-tested due to the human error, these results were rerecorded and placed into the excel sheet. 
The results from the LDV testing showed that carbon fibre and fibreglass were affected by the experiment with drops in stiffness for both materials, which also saw a decline in stiffness as the impact energy increased; this what was expected and predicted at the beginning of the investigation. The aluminium samples on average did not show any loss of stiffness from the experiment, as found in the analysis this might be caused by the face of the projectile that contacts with the test sample significantly effects the damage that the aluminium receives. The impact zone of the materials found for the samples with the least amount of damage and most amount of damage, had no correlation of position, which would suggest that the area of the projectile might be a contributing factor of the damage the materials receive. As said the aluminium was affected the least by the projectiles followed by the carbon fibre, which had a large drop in stiffness from the undamaged samples to 30MPH; followed by fibreglass which had its largest drop in stiffness between 30MPH to 50MPH. The percentage of loss in stiffness of fibreglass was larger than the other two samples, thus, being the material that was affected the most. Though it is worth noting that the decline in carbon fibre was nearly as much as the fibreglass.
There were some tests that, unfortunately, were unable to be conducted, due to unforeseen circumstances; these tests would have been key in looking at damaged samples and seeing any trend in size of the damage to the stiffness, if the damage stretches towards a certain direction, as well as, the dimensions of the damage and the depth. This is followed by looking at the structure of the materials, with the look at the damage by using the microscope. The aim of the report to see the affect that medium velocity projectiles damage has on composites and traditional materials. The objectives of the report were to look at how much damage each material received, which material suffered the most amount of damage and the speeds in which the damage was most frequently displayed. It was concluded that the aluminium was the least affected material found in the research, this may because it was found that the damage to an aluminium piece was due to the area of the projectile contacting the test sample. The damage on the carbon fibre and the fibreglass test samples were much more profound than on the aluminium. This was expected in the carbon fibre, but not to the extent of the damage that was found. The fibreglass was predicted to be the material that received the most amount of damage, as it is the cheaper option in a lot of situations and starts off with the lowest stiffness; though the fibreglass did have the highest decrease in stiffness as a percentage, but the difference in fibreglass and carbon fibre loss in stiffness by percentage was close.
 The findings show that the aluminium held stiffness better than the two composites materials, this would suggest that the composite materials need to be cautiously implemented in cars and planes due to the stiffness change from medium velocity projectiles. This measurement is only in stiffness and other tests would need to be conducted to see the full effect of projectiles on composite materials. This is the reason that a safe composite material should be implemented in cars or planes if guidance checks can be carried out to see the long-lasting effect of impact onto the part. 


[bookmark: _Toc38889231][bookmark: _Toc39252214]Evaluation 
There are several other methods of testing that could be used for this type of testing, Charpy and Izod testing being a select few that could be used. All the tests have their own benefits and disadvantages, for this reason the assumption can be made that there is one mode of testing that is more beneficial than any other and as this experiment was focused more on the speed of the projectile, it could be said that the equipment available could perform at higher speeds could be useful as to see the affect greater speeds would have on the test samples resembling more towards speeds found on planes. If the experiment were to be repeated, it would be suggested that the speeds used in the experiment should change to only 30MPH and 70MPH leaving out 50MPH, as the we would come to the same conclusion from smallest of speeds to the highest of speeds; allowing for the experiment to be repeated a number times without increasing the overall test samples. The mass of the projectile should also be increased as this leads to a higher energy impact that may gather higher quality of results. The gun is another piece of equipment that could be changed to make the gun more. Other methods that could have been used is a drop-down test where a weighted object could be dropped from a height at the test samples on very precise points.  This weighted object could increase and decrease in mass depending on the energy levels that would be wanted for the experiment. Though this does leave out the speed factor, as the weight of the object would always fall at the same speed. The experiment could be adapted and used as it would be a useful indicator within the aerospace and automotive industry of damage that can be caused by small projectiles at speed. This experiment could be used as one of many tests that companies could implement as part of their health and safety testing.
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	Tests
	energy
	MPH
	Angle
	peak of frequency 
	Weight
	spring constant 

	1
	0.065559
	(J)
	30
	90
	503.125
	12.63
	(g)
	126216.1
	N/M

	2
	0.081387
	(J)
	30
	90
	634.375
	12.14
	(g)
	192872.6
	N/M

	3
	0.0768
	(J)
	30
	90
	546.875
	12.19
	(g)
	143926.1
	N/M

	4
	0.091099
	(J)
	30
	90
	625
	11.86
	(g)
	182896.1
	N/M

	5
	0.101351
	(J)
	30
	90
	634.375
	12.36
	(g)
	196367.8
	N/M

	16
	0.076531
	(J)
	30
	45
	587.5
	11.88
	(g)
	161879.5
	N/M

	17
	0.07725
	(J)
	30
	45
	468.75
	12.68
	(g)
	109992.1
	N/M

	18
	0.076441
	(J)
	30
	45
	637.5
	12.19
	(g)
	195579.7
	N/M

	19
	0.063221
	(J)
	30
	45
	596.875
	12.32
	(g)
	173275.5
	N/M

	20
	0.074282
	(J)
	30
	45
	612.5
	12.42
	(g)
	183947.3
	N/M

	31
	0.062681
	(J)
	30
	135
	562.5
	11.87
	(g)
	148270.8
	N/M

	32
	0.101621
	(J)
	30
	135
	653.125
	12.22
	(g)
	205789.7
	N/M

	33
	0.07734
	(J)
	30
	135
	612.5
	12.51
	(g)
	185280.3
	N/M

	34
	0.078419
	(J)
	30
	135
	518.75
	12.41
	(g)
	131840.2
	N/M

	35
	0.071584
	(J)
	30
	135
	596.875
	12.55
	(g)
	176510.4
	N/M

	46
	0.272288
	(J)
	50
	90
	481.25
	12.49
	(g)
	114199.4
	N/M

	47
	0.216582
	(J)
	50
	90
	462.5
	13.23
	(g)
	111723.1
	N/M

	48
	0.243561
	(J)
	50
	90
	618.75
	12.79
	(g)
	193312.8
	N/M

	49
	0.203842
	(J)
	50
	90
	650
	12.25
	(g)
	204325.5
	N/M

	50
	0.201344
	(J)
	50
	90
	534.375
	13.02
	(g)
	146778.7
	N/M

	61
	0.234818
	(J)
	50
	45
	590.625
	12.49
	(g)
	172006.9
	N/M

	62
	0.212335
	(J)
	50
	45
	609.375
	12.44
	(g)
	182368.3
	N/M

	63
	0.217331
	(J)
	50
	45
	587.5
	12.78
	(g)
	174143.1
	N/M

	64
	0.206839
	(J)
	50
	45
	534.375
	12.78
	(g)
	144073.1
	N/M

	65
	0.220828
	(J)
	50
	45
	481.25
	12.3
	(g)
	112462.1
	N/M

	76
	0.229821
	(J)
	50
	135
	603.125
	12.9
	(g)
	185252.5
	N/M

	77
	0.20534
	(J)
	50
	135
	621.875
	13.18
	(g)
	201224.7
	N/M

	78
	0.246558
	(J)
	50
	135
	646.875
	12.94
	(g)
	213764.1
	N/M

	79
	0.203092
	(J)
	50
	135
	596.875
	12.55
	(g)
	176510.4
	N/M

	80
	0.201593
	(J)
	50
	135
	653.125
	12.45
	(g)
	209663
	N/M

	91
	0.4764
	(J)
	70
	90
	509.375
	12.18
	(g)
	124762
	N/M

	92
	0.378966
	(J)
	70
	90
	475
	12.88
	(g)
	114726.3
	N/M

	93
	0.3868
	(J)
	70
	90
	640.625
	12.36
	(g)
	200256.2
	N/M

	94
	0.401978
	(J)
	70
	90
	631.25
	12.32
	(g)
	193808.7
	N/M

	95
	0.531237
	(J)
	70
	90
	603.125
	12.62
	(g)
	181231.5
	N/M

	106
	0.340286
	(J)
	70
	45
	537.5
	11.95
	(g)
	136296.5
	N/M

	107
	0.323149
	(J)
	70
	45
	537.5
	12.32
	(g)
	140516.5
	N/M

	108
	0.499412
	(J)
	70
	45
	587.5
	12.14
	(g)
	165422.3
	N/M

	109
	0.484234
	(J)
	70
	45
	506.25
	12.51
	(g)
	126574.8
	N/M

	110
	0.367704
	(J)
	70
	45
	578.125
	12.63
	(g)
	166650.5
	N/M

	121
	0.444575
	(J)
	70
	135
	643.75
	12.43
	(g)
	203359.9
	N/M

	122
	0.464649
	(J)
	70
	135
	543.75
	13.1
	(g)
	152907.8
	N/M

	123
	0.340286
	(J)
	70
	135
	615.625
	12.96
	(g)
	193908.7
	N/M

	124
	0.363787
	(J)
	70
	135
	625
	13
	(g)
	200476.3
	N/M

	125
	0.427438
	(J)
	70
	135
	571.875
	12.69
	(g)
	163841.4
	N/M

	undamaged Al
	0
	
	0
	0
	571.875
	12.79
	(g)
	165132.5
	N/M
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	Tests
	energy
	MPH
	Angle
	peak of frequency 
	Weight
	spring constant 

	11
	0.068257
	(J)
	30
	90
	593.75
	6.74
	(g)
	93805.19
	N/M

	12
	0.100182
	(J)
	30
	90
	534.375
	6.83
	(g)
	76996.81
	N/M

	13
	0.078329
	(J)
	30
	90
	706.25
	6.66
	(g)
	131144.7
	N/M

	14
	0.089121
	(J)
	30
	90
	600
	6.34
	(g)
	90105.54
	N/M

	15
	0.081027
	(J)
	30
	90
	734.375
	6.35
	(g)
	135197.7
	N/M

	26
	0.084804
	(J)
	30
	45
	725
	6.17
	(g)
	128032.7
	N/M

	27
	0.065559
	(J)
	30
	45
	593.75
	6.4
	(g)
	89073.18
	N/M

	28
	0.087412
	(J)
	30
	45
	725
	6.4
	(g)
	132805.4
	N/M

	29
	0.087052
	(J)
	30
	45
	640.625
	6.48
	(g)
	104988.7
	N/M

	30
	0.091189
	(J)
	30
	45
	590.625
	6.76
	(g)
	93095.8
	N/M

	41
	0.071854
	(J)
	30
	135
	671.87
	6.54
	(g)
	116548.8
	N/M

	42
	0.084624
	(J)
	30
	135
	631.25
	6.38
	(g)
	100365.2
	N/M

	43
	0.093527
	(J)
	30
	135
	737.5
	6.15
	(g)
	132056.2
	N/M

	44
	0.085434
	(J)
	30
	135
	718.75
	6.48
	(g)
	132157.1
	N/M

	45
	0.071674
	(J)
	30
	135
	678.125
	6.07
	(g)
	110196.5
	N/M

	56
	0.234818
	(J)
	50
	90
	640.625
	6.29
	(g)
	101910.3
	N/M

	57
	0.177362
	(J)
	50
	90
	603.125
	6.33
	(g)
	90902.98
	N/M

	58
	0.15438
	(J)
	50
	90
	668.75
	6.51
	(g)
	114939.2
	N/M

	59
	0.165871
	(J)
	50
	90
	615.625
	6.22
	(g)
	93064.19
	N/M

	60
	0.20584
	(J)
	50
	90
	712.5
	6.31
	(g)
	126461.6
	N/M

	71
	0.251804
	(J)
	50
	45
	634.375
	6.52
	(g)
	103585.6
	N/M

	72
	0.240313
	(J)
	50
	45
	584.375
	6.22
	(g)
	83855.85
	N/M

	73
	0.241812
	(J)
	50
	45
	696.875
	6.33
	(g)
	121359.3
	N/M

	74
	0.212085
	(J)
	50
	45
	571.875
	6.12
	(g)
	79015.7
	N/M

	75
	0.196347
	(J)
	50
	45
	700
	5.98
	(g)
	115679.7
	N/M

	86
	0.214334
	(J)
	50
	135
	665.625
	6.48
	(g)
	113342.8
	N/M

	87
	0.225075
	(J)
	50
	135
	528.125
	6.38
	(g)
	70251.22
	N/M

	88
	0.23132
	(J)
	50
	135
	643.75
	6.52
	(g)
	106669.9
	N/M

	89
	0.143389
	(J)
	50
	135
	581.25
	6.13
	(g)
	81760.99
	N/M

	90
	0.200344
	(J)
	50
	135
	615.625
	6.52
	(g)
	97552.82
	N/M

	101
	0.483744
	(J)
	70
	90
	625
	6.47
	(g)
	99775.53
	N/M

	102
	0.393165
	(J)
	70
	90
	706.25
	6.45
	(g)
	127009.5
	N/M

	103
	0.415197
	(J)
	70
	90
	459.375
	6.56
	(g)
	54651.02
	N/M

	104
	0.400019
	(J)
	70
	90
	615.625
	6.88
	(g)
	102939.2
	N/M

	105
	0.393654
	(J)
	70
	90
	662.5
	6.43
	(g)
	111414.7
	N/M

	116
	0.351547
	(J)
	70
	45
	593.75
	6.51
	(g)
	90604.12
	N/M

	117
	0.343223
	(J)
	70
	45
	578.125
	6.29
	(g)
	82995.37
	N/M

	118
	0.473952
	(J)
	70
	45
	681.25
	6.5
	(g)
	119093
	N/M

	119
	0.484234
	(J)
	70
	45
	656.25
	5.96
	(g)
	101331.5
	N/M

	120
	0.458284
	(J)
	70
	45
	509.375
	6.24
	(g)
	63917.47
	N/M

	131
	0.481786
	(J)
	70
	135
	668.75
	5.94
	(g)
	104875.4
	N/M

	132
	0.521445
	(J)
	70
	135
	671.875
	6.36
	(g)
	113342.8
	N/M

	133
	0.443106
	(J)
	70
	135
	631.25
	6.53
	(g)
	102724.9
	N/M

	134
	0.416177
	(J)
	70
	135
	659.375
	6.5
	(g)
	111567.6
	N/M

	135
	0.440168
	(J)
	70
	135
	628.125
	6.32
	(g)
	98439.4
	N/M

	CF undamaged
	0
	
	0
	0
	759.375
	5.79
	(g)
	131810.8
	N/M



[bookmark: _Toc39252233]Appendix 12.3: Fibreglass results 
	Tests
	energy
	MPH
	Angle
	peak of frequency 
	Weight
	spring constant 

	6
	0.101351
	(J)
	30
	90
	440.625
	9.05
	(g)
	69365.99
	N/M

	7
	0.073113
	(J)
	30
	90
	506.25
	9.15
	(g)
	92578.66
	N/M

	8
	0.078239
	(J)
	30
	90
	450
	9.54
	(g)
	76266.38
	N/M

	9
	0.079588
	(J)
	30
	90
	493.75
	9.38
	(g)
	90276.93
	N/M

	10
	0.07734
	(J)
	30
	90
	478.125
	8.99
	(g)
	81133.9
	N/M

	21
	0.06475
	(J)
	30
	45
	462.5
	8.84
	(g)
	74650.97
	N/M

	22
	0.096315
	(J)
	30
	45
	428.125
	9.09
	(g)
	65775.6
	N/M

	23
	0.10243
	(J)
	30
	45
	490.625
	8.83
	(g)
	83911.17
	N/M

	24
	0.096315
	(J)
	30
	45
	459.375
	9.28
	(g)
	77311.2
	N/M

	25
	0.089301
	(J)
	30
	45
	443.75
	9.45
	(g)
	73462.94
	N/M

	36
	0.08957
	(J)
	30
	135
	490.625
	8.61
	(g)
	81820.52
	N/M

	37
	0.073923
	(J)
	30
	135
	465.625
	8.88
	(g)
	76005.55
	N/M

	38
	0.07689
	(J)
	30
	135
	490.625
	8.38
	(g)
	79634.84
	N/M

	39
	0.070865
	(J)
	30
	135
	456.25
	8.93
	(g)
	73386.63
	N/M

	40
	0.070955
	(J)
	30
	135
	490.625
	8.55
	(g)
	81250.34
	N/M

	51
	0.201344
	(J)
	50
	90
	440.625
	8.74
	(g)
	66989.92
	N/M

	52
	0.174614
	(J)
	50
	90
	493.75
	8.66
	(g)
	83347.36
	N/M

	53
	0.274787
	(J)
	50
	90
	478.125
	9.16
	(g)
	82668.13
	N/M

	54
	0.282281
	(J)
	50
	90
	418.75
	9.15
	(g)
	63341.81
	N/M

	55
	0.213584
	(J)
	50
	90
	443.75
	9.18
	(g)
	71363.99
	N/M

	66
	0.227823
	(J)
	50
	45
	450
	8.46
	(g)
	67632.45
	N/M

	67
	0.252804
	(J)
	50
	45
	462.5
	7.58
	(g)
	64010.68
	N/M

	68
	0.23232
	(J)
	50
	45
	453.125
	8.65
	(g)
	70115.15
	N/M

	69
	0.197996
	(J)
	50
	45
	365.625
	7.77
	(g)
	41006.48
	N/M

	70
	0.177612
	(J)
	50
	45
	418.75
	7.8
	(g)
	53996.3
	N/M

	81
	0.216832
	(J)
	50
	135
	378.125
	8.42
	(g)
	47527.24
	N/M

	82
	0.224825
	(J)
	50
	135
	331.25
	7.81
	(g)
	33831.6
	N/M

	83
	0.186855
	(J)
	50
	135
	456.25
	8.35
	(g)
	68620.2
	N/M

	84
	0.181359
	(J)
	50
	135
	459.375
	8.58
	(g)
	71479.54
	N/M

	85
	0.146386
	(J)
	50
	135
	325
	7.72
	(g)
	32191.69
	N/M

	96
	0.420094
	(J)
	70
	90
	371.875
	7.61
	(g)
	41546.87
	N/M

	97
	0.362808
	(J)
	70
	90
	462.5
	8.36
	(g)
	70597.53
	N/M

	98
	0.520466
	(J)
	70
	90
	440.625
	7.93
	(g)
	60781.47
	N/M

	99
	0.395123
	(J)
	70
	90
	446.875
	8.36
	(g)
	65908
	N/M

	100
	0.523893
	(J)
	70
	90
	446.875
	8.35
	(g)
	65829.16
	N/M

	111
	0.436251
	(J)
	70
	45
	415.375
	8.58
	(g)
	58442.36
	N/M

	112
	0.403936
	(J)
	70
	45
	396.875
	8.81
	(g)
	54782.66
	N/M

	113
	0.548374
	(J)
	70
	45
	415.625
	8.95
	(g)
	61036
	N/M

	114
	0.349099
	(J)
	70
	45
	287.5
	8.88
	(g)
	28976.67
	N/M

	115
	0.485703
	(J)
	70
	45
	431.25
	8.87
	(g)
	65124.08
	N/M

	126
	0.455836
	(J)
	70
	135
	406.25
	9.25
	(g)
	60268.2
	N/M

	127
	0.380434
	(J)
	70
	135
	440.625
	9.02
	(g)
	69136.05
	N/M

	128
	0.423031
	(J)
	70
	135
	428.125
	9.01
	(g)
	65196.71
	N/M

	129
	0.424011
	(J)
	70
	135
	421.875
	8.53
	(g)
	59934.43
	N/M

	130
	0.441147
	(J)
	70
	135
	437.5
	8.67
	(g)
	65514.13
	N/M

	FG undamaged
	0
	
	0
	0
	509.375
	8.89
	(g)
	91061.91
	N/M




All of the energys absorbed by samples

Aluminium	6.555907404288E-2	8.138677916159999E-2	7.6800341882879999E-2	9.1099234575359997E-2	0.10135127084543999	7.6530551454719986E-2	7.7249992596479994E-2	7.6440621311999996E-2	6.3220890332159996E-2	7.428229788672E-2	6.2681309475839997E-2	0.10162106127359999	7.7339922739199984E-2	7.8419084451839996E-2	7.1584393605119992E-2	0.27228848768000002	0.21658176038400004	0.24356080320000001	0.20384165683200001	0.20134359731199999	0.23481759488000001	0.21233505920000001	0.21733117824000001	0.20683932825600002	0.22082846156800001	0.22982147584000001	0.20534049254400003	0.24655847462400002	0.20309223897600001	0.20159340326400002	0.47639993494015997	0.37896562142207996	0.38679953607680001	0.40197774572031997	0.53123733752320001	0.34028566781440001	0.32314897950720001	0.49941205923840004	0.48423384959488003	0.36770436910592003	0.44457465665535995	0.46464906295807995	0.34028566781440001	0.36378741177855994	0.42743796834816	Carbon Fibre	6.8256978324479994E-2	0.10018217899007999	7.8329154309119992E-2	8.9120771435519983E-2	8.102705859072E-2	8.4804124584959992E-2	6.555907404288E-2	8.7412098723839995E-2	8.7052378152959992E-2	9.1189164718079987E-2	7.1854184033279991E-2	8.4624264299519997E-2	9.3527348428799978E-2	8.5433635583999995E-2	7.1674323747839996E-2	0.23481759488000001	0.17736222592000001	0.15438007833600001	0.16587115212800002	0.20584010444800002	0.25180439961600004	0.240313325824	0.24181216153600002	0.21208525324800004	0.19634747827200003	0.21433350681600002	0.22507516275200001	0.231320311552	0.14338861644799999	0.200344373504	0.48374422992895993	0.39316459173376	0.41519747670016	0.40001926705663998	0.39365421139967999	0.35154692013055999	0.34322338580992001	0.47395183661056001	0.48423384959488003	0.45828400730111996	0.48178575126528	0.52144494420479992	0.4431057976576	0.41617671603199996	0.44016807966207999	Fibreglass	0.10135127084543999	7.3113206031359998E-2	7.8239224166399987E-2	7.9588176307199998E-2	7.7339922739199984E-2	6.4749702758400002E-2	9.6315182853119977E-2	0.10243043255808	9.6315182853119977E-2	8.9300631720959991E-2	8.9570422149119991E-2	7.3922577315839996E-2	7.689027202559999E-2	7.0864952463359984E-2	7.0954882606079989E-2	0.20134359731199999	0.17461436044799999	0.27478654720000006	0.28228072576000002	0.21358408896	0.22782302822400002	0.25280362342400003	0.23231953536000002	0.19799619755520001	0.17761203187200003	0.21683156633600001	0.22482535680000001	0.186854852096	0.18135912115200001	0.14638628787200003	0.42009367335935999	0.36280817244671998	0.52046570487295996	0.39512307039743999	0.52389304253439994	0.43625112233471997	0.40393622438400001	0.54837402583039996	0.34909882180095997	0.48570270859264003	0.45583590897151999	0.38043448041984002	0.42303139135487999	0.42401063068672001	0.44114731899392001	Numbers of the samples


Impact Energy (J) 




Frequency chart AL

30MPH AL	20.3125	20.3125	503.125	634.375	546.875	625	634.375	587.5	468.75	637.5	596.875	612.5	562.5	653.125	612.5	518.75	596.875	50MPH AL	26.5625	26.5625	481.25	462.5	618.75	650	534.375	590.625	609.375	587.5	534.375	481.25	603.125	621.875	646.875	596.875	653.125	70MPH AL	20.3125	20.3125	509.375	475	640.625	631.25	603.125	537.5	537.5	587.5	506.25	578.125	643.75	543.75	615.625	625	571.875	Number of the samples within respected speed


Frequency HZ 




Average Frequancy chart AL

Average 30MPH AL	20.3125	20.3125	586.04166666666663	Average 50MPH AL	26.5625	26.5625	578.125	Average 70MPH AL	20.3125	20.3125	573.75	undamaged sample AL	571.875	3 diffrent speeds

Frequency  HZ




Stiffness chart AL

30MPH	11193.796886578013	11193.796886578013	126216.13664243941	192872.6034008174	143926.10851598351	182896.10655768716	196367.82356129345	161879.52420589747	109992.1146730779	195579.7202286096	173275.52461264282	183947.34279645822	148270.75849242788	205789.66405833937	185280.29455585283	131840.16493188875	176510.37612732689	50MPH	15746.984664451826	15746.984664451826	114199.35739543666	111723.11991497396	193312.84173150503	204325.48511355242	146778.682493951	172006.88334973826	182368.31404108205	174143.12452452604	144073.08465996111	112462.13738701928	185252.51316158945	201224.7252827255	213764.08851682328	176510.37612732689	209662.95560771888	70MPH	11639.004717294185	11639.004717294185	124761.98536993656	114726.25547914293	200256.20095521264	193808.68140386167	181231.52837978752	136296.46095280623	140516.51873962954	165422.34207572351	126574.76182642129	166650.48711806984	203359.9139567315	152907.77622268346	193908.67283345017	200476.33939712759	163841.37409729508	Number of samples within respected speed


Stiffness N/M




Average Stiffness chart AL

30MPH Average	11193.796886578013	11193.796886578013	167642.95089071617	50MPH Average	15746.984664451826	15746.984664451826	169453.84595386198	70MPH Average	11639.004717294185	11639.004717294185	164315.95325385866	Undamaged	165132.48027615476	3 diffrent speeds and undamaged sample 

Stiffness N/M




Frequency chart CF

30MPH CF 	32.8125	32.8125	593.75	534.375	706.25	600	734.375	725	593.75	725	640.625	590.625	671.87	631.25	737.5	718.75	678.125	50MPH CF	34.375	34.375	640.625	603.125	668.75	615.625	712.5	634.375	584.375	696.875	571.875	700	665.625	528.125	643.75	581.25	615.625	70MPH CF	20.3125	20.3125	625	706.25	459.375	615.625	662.5	593.75	578.125	681.25	656.25	509.375	668.75	671.875	631.25	659.375	628.125	Number of the samples within respected speed 


Frequency HZ




Average Frequency chart CF

Average 30MPH CF	32.8125	32.8125	658.7496666666666	Average 50MPH CF	34.375	34.375	630.83333333333337	Average 70MPH CF	20.3125	20.3125	623.125	undamaged sample CF	759.375	3 diffrent speeds 

Frequency Hz




Stiffness chart CF

30MPH	10664.180806347213	10664.180806347213	93805.192392447512	76996.805025628666	131144.74335303387	90105.540340185398	135197.67712377012	128032.70287280162	89073.17971983146	132805.39682105838	104988.68787943189	93095.799154862325	116548.84775713953	100365.21001271407	132056.23216198818	132157.08718196186	110196.53499892126	50MPH	11226.02731345033	11226.02731345033	101910.3158582757	90902.977388593907	114939.23845786705	93064.193288893512	126461.64690723069	103585.61566501888	83855.852382677156	121359.34286980551	79015.698146213239	115679.65926428814	113342.81452473399	70251.219566050553	106669.8824616162	81760.990295403739	97552.819974853002	70MPH	6485.4095794970781	6485.4095794970781	99775.531992262739	127009.54874280308	54651.022135179599	102939.1719980044	111414.69477743992	90604.124996266066	82995.373236156724	119092.96941886365	101331.53681112196	63917.470337307408	104875.43416892939	113342.76826096332	102724.89363370265	111567.58882874394	98439.403453951498	Number of samples within respected speed


Stiffness N/M




Average Stiffness chart CF

30MPH Average	10664.180806347213	10664.180806347213	111104.64245305174	50MPH Average	11226.02731345033	11226.02731345033	100023.48447010139	70MPH Average	6485.4095794970781	6485.4095794970781	98978.768852779744	Undamaged	131810.76816096753	3 diffrent speeds and undamaged sample 

Stiffness N/M




Frequency chart FG

30MPH FG	42.1875	42.1875	440.625	506.25	450	493.75	478.125	462.5	428.125	490.625	459.375	443.75	490.625	465.625	490.625	456.25	490.625	50MPH FG	29.6875	29.6875	440.625	493.75	478.125	418.75	443.75	450	462.5	453.125	365.625	418.75	378.125	331.25	456.25	459.375	325	70MPH FG	37.5	37.5	371.875	462.5	440.625	446.875	446.875	415.375	396.875	415.625	287.5	431.25	406.25	440.625	428.125	421.875	437.5	Number of samples within respected speed


Frequency HZ




Average Frequency chart FG

Average 30MPH FG	42.1875	42.1875	469.79166666666669	Average 50MPH FG 	29.6875	29.6875	425	Average 70MPH FG	37.5	37.5	416.65	undamaged sample FG	509.375	3 diffrent speeds 

Frequency Hz




Stiffness chart FG

30MPH	13618.758687925674	13618.758687925674	69365.989302243004	92578.662726758979	76266.381048977899	90276.932189113097	81133.896450455301	74650.973548629612	65775.596854952339	83911.172286408109	77311.20204488821	73462.935340105338	81820.520202262036	76005.545910165354	79634.838477927507	73386.630961079427	81250.34236113129	50MPH	8981.3014518491218	8981.3014518491218	66989.916740508721	83347.359569053238	82668.130309918866	63341.810239356993	71363.994330388057	67632.451118904937	64010.676413870184	70115.15396131319	41006.482961070316	53996.29725322235	47527.241916643019	33831.600552558542	68620.198043114578	71479.538097536744	32191.688675033158	70MPH	11014.015873909419	11014.015873909419	41546.874644543714	70597.5270211022	60781.469079202972	65907.999911181483	65829.16259071356	58442.358383342849	54782.661839193352	61036.004634581383	28976.665041378299	65124.075739111191	60268.199531261482	69136.046796268711	65196.713714314683	59934.425702736356	65514.125589293624	Number of samples within respected speed


Stiffness N/M




Average Stiffness chart FG

30MPH Average	13618.758687925674	13618.758687925674	78455.441313673145	50MPH Average	8981.3014518491218	8981.3014518491218	61208.169345499526	70MPH Average	11014.015873909419	11014.015873909419	59538.28734788172	Undamaged	91061.908861965188	3 diffrent speeds and undamaged sample 

Stiffness N/M




Energy of Aluminium

6.555907404288E-2	8.138677916159999E-2	7.6800341882879999E-2	9.1099234575359997E-2	0.10135127084543999	7.6530551454719986E-2	7.7249992596479994E-2	7.6440621311999996E-2	6.3220890332159996E-2	7.428229788672E-2	6.2681309475839997E-2	0.10162106127359999	7.7339922739199984E-2	7.8419084451839996E-2	7.1584393605119992E-2	0.27228848768000002	0.21658176038400004	0.24356080320000001	0.20384165683200001	0.20134359731199999	0.23481759488000001	0.21233505920000001	0.21733117824000001	0.20683932825600002	0.22082846156800001	0.22982147584000001	0.20534049254400003	0.24655847462400002	0.20309223897600001	0.20159340326400002	0.47639993494015997	0.37896562142207996	0.38679953607680001	0.40197774572031997	0.53123733752320001	0.34028566781440001	0.32314897950720001	0.49941205923840004	0.48423384959488003	0.36770436910592003	0.44457465665535995	0.46464906295807995	0.34028566781440001	0.36378741177855994	0.42743796834816	 Numbers on each test peices


Impact Energy (J) 



Energy for Carbon fibre

6.8256978324479994E-2	0.10018217899007999	7.8329154309119992E-2	8.9120771435519983E-2	8.102705859072E-2	8.4804124584959992E-2	6.555907404288E-2	8.7412098723839995E-2	8.7052378152959992E-2	9.1189164718079987E-2	7.1854184033279991E-2	8.4624264299519997E-2	9.3527348428799978E-2	8.5433635583999995E-2	7.1674323747839996E-2	0.23481759488000001	0.17736222592000001	0.15438007833600001	0.16587115212800002	0.20584010444800002	0.25180439961600004	0.240313325824	0.24181216153600002	0.21208525324800004	0.19634747827200003	0.21433350681600002	0.22507516275200001	0.231320311552	0.14338861644799999	0.200344373504	0.48374422992895993	0.39316459173376	0.41519747670016	0.40001926705663998	0.39365421139967999	0.35154692013055999	0.34322338580992001	0.47395183661056001	0.48423384959488003	0.45828400730111996	0.48178575126528	0.52144494420479992	0.4431057976576	0.41617671603199996	0.44016807966207999	Numbers on each test peice


Impact Energy (J)



Energy for Fibreglass

0.10135127084543999	7.3113206031359998E-2	7.8239224166399987E-2	7.9588176307199998E-2	7.7339922739199984E-2	6.4749702758400002E-2	9.6315182853119977E-2	0.10243043255808	9.6315182853119977E-2	8.9300631720959991E-2	8.9570422149119991E-2	7.3922577315839996E-2	7.689027202559999E-2	7.0864952463359984E-2	7.0954882606079989E-2	0.20134359731199999	0.17461436044799999	0.27478654720000006	0.28228072576000002	0.21358408896	0.22782302822400002	0.25280362342400003	0.23231953536000002	0.19799619755520001	0.17761203187200003	0.21683156633600001	0.22482535680000001	0.186854852096	0.18135912115200001	0.14638628787200003	0.42009367335935999	0.36280817244671998	0.52046570487295996	0.39512307039743999	0.52389304253439994	0.43625112233471997	0.40393622438400001	0.54837402583039996	0.34909882180095997	0.48570270859264003	0.45583590897151999	0.38043448041984002	0.42303139135487999	0.42401063068672001	0.44114731899392001	Numbers on each test peices


Impact Energy (J)
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