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Abstract
This exercise aimed to see how different material properties and fundamentals make a difference when a high velocity ballistic makes an impact with it. The results took a while to get but through trial and error, the software ran smoothly without any errors. There were a lot of events in the results which meant there were lots to talk about in the discussion. There were 2 parts to the exercise, 1 was assigning materials and their properties to laminated plates (target) then part 2 was running the simulation and getting results.




Introduction
The purpose of this exercise is to test the student's understanding of mechanics as well as the structural aspect of physics and also engineering science. The student will prove that the behaviours of materials change when a high speed ballistic makes an impact with it. The effects of the high-velocity bullet on the laminated plate will be seen through finite element analysis on computer simulation software.
This exercise requires the use of a Computer-Aided Engineering (CAE) software and also a Finite Element Analysis (FEA) software. Abaqus is a software suite that has great simulation possibilities through the integration of FEA & CAE. Abaqus will be the software used mainly in this exercise. Other software, such as Microsoft Office will also be used for noting results and writing the report.  [1]
On Abaqus, there will be a pre-loaded target made up of 5 laminate sheets. The goal here is to visualise how the high-velocity bullet will affect the behaviours of the standard materials and take note of the outcome. Research on the properties and fundamentals of suitable materials will be carried out by the student so that another simulation can be run using the new material. This will have a different outcome and will demonstrate how using a material with different properties will affect the outcome/path of the bullet.

Simulation Setups
This assignment will be carried out using Abaqus Design Suite. 
The choices of materials that can be used for the standard target are the following: 
· Plastic
· Steel 
· Copper 
These materials differ in strength to weight ratios and offer diversity in the target’s sectional properties. These materials have been made beforehand and are easily accessible.
Part 1
Step 1: Assign the existing materials to each section of the target. This can be in any variation. It is worthwhile applying different materials to the targets sections as the results will be more interesting as the student can look at what material suffers the most from the bullet. This can be seen using finite element analysis.
Step 2: In the analysis section, create an Explicit Dynamics Solver step with a time of 1.7 E-04 seconds. Input the fundamentals of the materials, and use the figures found from research for things like the density of the materials, the young modulus, the material's breaking point and so on.
Step 3: Simulate to examine how the bullet affects the structure. Consider the stress on the materials when the bullet makes an impact when it was intermediate when it was concluded and question your results. A few things to investigate are, was the target fragmented by the bullet? How did the bullet react when it made an impact on the target? Did the bullet's initial path change?
Finite element analysis is a huge help with this as it uses a heat chart to show the points where the material had the most stress.



Part 2
Step 1: After completing research on materials, add these materials into Abaqus. Trial and error are your best friend here as some values may not be correct/work, the best thing to do in this situation is to see what happens with the values inputted and do further research to find a more plausible reference. 
	Young’s modulus
	E11 235 GPa

	Young’s modulus
	E22 17 GPa

	Young’s modulus
	E33 17 GPa

	Poisson’s ratio
	n12 0.32

	Poisson’s ratio
	n13 0.32

	Poisson’s ratio
	n23 0.45

	Young’s modulus
	G12 4.5 GPa

	Young’s modulus
	G13 4.5 GPa

	Young’s modulus
	G23 2.5 GPa

	Tensile failure stress
	X1t 3900 MPa

	Compressive failure stress
	X1c 2400 MPa

	Tensile failure stress
	X2t 111 MPa

	Compressive failure stress
	X2c 290 MPa

	Tensile failure stress
	X3t 50 MPa

	Compressive failure stress
	X3c 290 MPa

	Failure shear stress
	S12 120 MPa

	Failure shear stress
	S13 137 MPa

	Failure shear stress
	S23 90 MPa


Table 1
Step 2: The material chosen for this exercise is carbon fibre. Lots of research had to be done to find values that performed well during the simulation.

	Carbon fibre
	
	Carbon fibre

	Copper/Steel
	
	Plastic

	Carbon fibre
	
	Carbon fibre

	Copper/Steel
	
	Plastic

	Carbon fibre
	
	Carbon fibre


Table 2 & 3
Above are the layouts of the target, which are made up of laminate sheets. Take into consideration the dimensions of these sheets as they are not all the same. 
Part 3: When all of the chosen materials have been applied to the target, a simulation can be run in which a comparison between the original and the new materials can be made.


Results
Image 1 is a simulation of the high-velocity bullet against steel and carbon fibre. The bullet hits an error halfway through. The bullet deletes the laminate plates the way it should, but it then stops and shows an error message.The way that the bullet creates a crater is similar to results received.

[image: Perforation and penetration of aluminium target plates by armour piercing  bullets][image: FEA Based Composite Material Simulation and Design - Enteknograte]Image 3

Image 2
Images 2 and 3 are sourced from the internet. Both of these images leave a crater-like dent in the material/target. This was exactly what happened with the carbon fibre and copper target, the bullet went right through. Carbon fibre and copper aren’t great when it comes to being bulletproof materials.
Carbon Fibre Fundamentals 
	Failure Stress
	Mode I fracture energy

	70000000
	0.1

	Shear retention factor
	Crack opening strain

	1
	0

	4
	0.004


	Direct cracking failure strain or displacement 

	0.001





	Mass Density 

	1200



	Young’s Modulus
	Poisson’s Ratio

	89000000000
	0.36


Plastic and Carbon fibre
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Steel and Carbon Fibre
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Steel Fundamentals 
	Mass Density 

	7860

	Young’s Modulus
	Poisson’s Ratio

	700000000000
	0.3



Discussion 
The research was carried out on materials, and it was found that using materials of a greater density will have a more interesting outcome. The material which makes up the five laminate plates that make up the target in this assignment is carbon fibre alongside others. Carbon fibre is an extremely strong material and has an incredible strength to weight ratio. It has the strength of steel and the lightness of plastic making it a popular material in many engineering industries as it can compensate for the strength of steel. Industries like the military, aerospace and civil engineering use the stiffness, strength, and lightness of the material to their advantage. Carbon fibre is also popularly used in high-performance products such as aircraft and rockets and equipment for sports such as golf, skiing, snowboarding, fishing and many more. [2] [3] [4]
Carbon fibre is a very rigid material which makes it interesting to use for the target. It is 2.5 times stiffer than aluminium which is the target for this exercise. The rigidness of a material is measured by its Young Modulus. Young Modulus determines when a material will bend or break, it tests/measures how easily a material stretches and deforms. Abaqus integrates this very well into its software. [5] [6]


E = Young's modulus (Pa)Young Modules Formula

σ = Tensile stress 

ε = Tensile strain
F = The applied force (N)
A = The square area (m²)
dl = The change in length 
L = The initial length (m)



Carbon fibre is made up of fibrous carbon materials and has great tensile strength. Tensile strength is the maximum resistance material can withstand before the forces cause it to stretch/pull. This causes deformation to the material and is called necking. However, Carbon fibre can have low tensile failure strain because of the natural brittleness of the reinforcing fibre. [3]
Finding realistic values to put into Abaqus for carbon fibre wasn’t easy. A considerable amount of progress had been made already it would be senseless to restart the whole process. By continuing the research, reasonable values were found. It took 3 tries to get the simulation to run because so many values were getting used and it was confusing. A backup of the original Abaqus simulation was saved to the computer, after having a failed attempt at the simulation, it was easier to restart and open a whole new Abaqus file because the values were too much. [7]
1st file:
When trying to simulate Abaqus, the bullet would hit the target fine, but the carbon fibre wasn’t getting deleted. Instead, the target was bending, and this made the bullet reflect and shoot back in the same path.
By inputting all kinds of values from different sources, it got confusing, and an error message kept appearing. The bullet at first was bouncing back and had no path difference which wasn’t normal. When the bullet was making an impact with the carbon fibre, none of it was getting deleted, which was an issue. This was known because of a useful FEA feature; the FEA allows the student to visualise the stress and strain on the bullet/target at certain points throughout the timeline. Eventually, the simulation ran the whole way through with the outcome of a good result. [8]
2nd file:
When running this simulation, progress was made. Better values were obtained through research, but the results were still weird and weren’t realistic. The bullet was now going into the target instead of bouncing back but it would get to a certain point then the software wouldn’t run the simulation anymore due to an error.


3rd file:
At this point, it was easiest to scrap all previous values and start from scratch. This ended up working a lot better as it was less confusing and more organised. The values that had worked before were noted down and inputted into this file. The carbon fibre finally started to delete after messing around with the values. Trial and error seemed to be the way to go when trying to get the software to run the simulation. 
When the simulation ran, the bullet went right through the target leaving a crater-like indent [9]. In this simulation, copper and carbon fibre were used. By switching the copper out with plastic, the results were different. The plastic isn’t as strong as copper, and the bullet seemed to just obliterate the target.



















Conclusion  
In carrying out this work it was determined that:
· If you’re looking to protect yourself against a high-velocity bullet, carbon fibre isn’t the greatest material to use.
· The bullet goes through materials such as plastic with ease.
· Steel and Copper are a lot stronger than plastic. 
· Carbon fibre is a brittle material.
· Plastic is a lot less strong than copper.
It was worthwhile to play around with different materials in the target to get a greater outcome as it let the student see how different materials react to the high-velocity bullet. 
Many things can be changed to make this experiment more interesting, such as changing the bullet shape. If the bullet tip was replaced with a rounded edge like the types on rubber bullets it would be found that the effects of the bullet against the target wouldn’t be as effective as the pointed bullet. This is because the forces would be more spread out and would be less whereas the pointed tip of the bullet hits it with all force at once and can easily split the material. A good example of this is a needle, the needle pierces the skin on impact but if the needle was a flat non-pointed surface, it wouldn’t pierce the skin as easily. 
Values were hard to find but eventually, some were found. Multiple values were found but they were all different. It was discovered that they were all roughly close to each other. It was decided that by making an average between all of these it should end up giving the best result, which it did, finally, the software would run which was a good start. Before the carbon didn’t have a breaking point and there was no brittle cracking. By adding a value to this, it made the carbon fibre delete when the high-velocity bullet made an impact. This is what was expected to happen with the carbon fibre. [10] [11]
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The research was carried out on materials, and it was found that using materials of a

greater density will have a more interesting outcome. The material which makes up

the five laminate plates that make up the target in this assignment is carbon fibre
alongside others. Carbon fibre is an extremely strong material and has an incredible
strength to weight ratio. It has the strength of steel and the lightness of plastic
making it a popular material in many engineering industries as it can compensate for
the strength of steel. Industries like the military, aerospace and civil engineering use
the stiffness, strength, and lightness of the material to their advantage. Carbon fibre
is also popularly used in high-performance products such as aircraft and rockets and
equipment for sports such as goff, skiing, snowboarding, fishing and many more. [4]
[5116]

Carbon fibre is a very rigid material which makes it interesting to use for the target. It
is 2.5 times stiffer than aluminium which is the target for this exercise. The rigidness of
a material is measured by its Young Modulus. Young Modulus determines when a
material will bend or break, it testsimeasures how easily a material stretches and

deforms. Abaqus integrates this very well into its software. [7] [8]
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The research was carried out on materials, and it was found that using materials of a
greater density will have a more interesting outcome. The material which makes up
the five laminate plates that make up the target i this assignment is carbon fibre
alongside others. Carbon fibre is an extremely strong material and has an incredible
strength to weight ratio. It has the strength of steel and the lightness of plastic
making it a popular material in many engineering industries as it can compensate for
the strength of steel. Industries like the military, aerospace and civil engineering use
the stifiness, strength, and lightness of the material to their advantage. Carbon fibre
is also popularly used in high-performance products such as aircraft and rockets and
equipment for sports such as golf, sking, snowboarding, fishing and many more. [4]
[5116]
Carbon fibre is a very rigid material which makes it ineresting to use for the target. It
is 2.5 times stiffer than aluminium which is the target for this exercise. The rigidness of
a material is measured by its Young Modulus. Young Modulus determines when a
material will bend or break, it testsimeasures how easily a material stretches and
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deforms. Abaqus integrates this very well into its software. [7] [8]
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