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Abstract

In this report the writer was assigned to use the ABAQUAS software in completing a simulation based on a high velocity projectile- shaped as a bullet hitting a laminated target. The aim of this report is to analyse the effects on the target materials which will be assigned by the writer using the premade ABAQUAS simulation by the lecturer. The properties will be found using online literature and the correct assumptions will be made based on the writer’s knowledge. The writer will use steel as a reference point in their analysis, to determine the effects distance has and the importance having a strong material can be relating to real world problems. Upon completion of the experiment, it showed steel was far greater at sustaining the impact of the bullet, other materials such as copper and aluminium showed tremendous amounts of shear stress with the plastic/rubber materials experiencing shear stress upon impact. Overall, the writer was able to use their research and compare the practical results they obtained too come to determine the effects a high energy projectile has on the desired materials.  

























Contents


Table of Contents
1.Introduction	1
2.Background	1
2.1 Stress	2
2.2 Strain	3
2.3 Relationship Stress/Strain	3
2.4 Poisson’s Ratio	4
2.5 Energy Transformation	5
3. Steps for Simulation	6
4. Results	6
5. Analysis	12
6.Conclusion	13
7. Appendices	14
8. References	16
	










1.Introduction 

In this report the writer will focus on the effects a high velocity ballistic has acting on a laminated target. The lecturer assigned the ABAQUAS software for use within the simulation, preparing a target and bullet with various types of materials by obtaining their properties from the literature for analysis. However, the writer has made some adjustments for their own research, finding the different stress and strain effects for each material in consideration with young’s modulus, the energy transferred and other relevant effects that contradict or coincide with the literature.
2.Background
A high velocity ballistic hitting a laminated target is a very generic statement but what does this relate to? We can consider ballistics to be the mechanical procedure used in determining the flight patterns and effects a projectile has on its target [1], these are found in bombs, missiles and bullets which is the focus of the writer’s report. An example of different types of bullets used within our society can be found in (appendix 1). 
A target can be considered as the desired destination, different types of boards and dummies can be used in practice, however if a (bullet) in our case is acting as the ballistic this would have an impact this could cause catastrophic effect. Therefor the protection is necessary, such as bullet proof vest- the main aim to be as light as possible but create the relevant level of protection. We can consider two types of protection used today in warfare and day to day protection for a lower projectile environment, hard body armour and soft body armour [2] etc ie Hard Body Armour uses ceramic plates, as this material has a low ductility and can be considered brittle, however it is still commonly used due to:
· A low young’s modulus- therefor the material has a greater resistance [3]

· It has a great hardness value, making it a desirable property for armour plates [4]

· There materials have relatively high melting points due to the tight bonds 

· Can be considered light weight, due to its atoms [5].
Etc. An example can be seen in (Figure 1)
With the soft body armour containing fibre materials, these are mainly used in low projectile activity areas but are still capable to take on the force from the projectile but are far less resilient in comparison with the hard body which would be applied in a high projectile environment. [5] Graphic can be seen in (figure 2).
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            (Figure 1)- Hard body armour                                              (Figure 2)- Soft body Armour

From the example used above with the body armour we can consider the effects a bullet would have on this object and in theory with the simulation.

2.1Stress
Stress is considered as the external force acting over a unit area of an object, it is measured in pascals (Pa) and is usually a high value due to its nature [6]. Stress can be looked at as 2 types:
· Normal Stress- An external force acting perpendicular, for example a hanging light bulb from your roof, the wire would be under this stress due to the external force being the bulb
The formula for finding normal stress:
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· Shear stress- A force deforming the material involved by slipping along the planes stressed area [8]. This seems a complicated concept however we apply this stress on an everyday occurrence, some examples are walking, applying face creams as well starting or stopping your vehicle [9]
The formula for finding shear stress:
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From the literature above, the writer has assumed that shear stress will be more predominant in this report due too the nature of a high projectile and the high amounts of stress the target will have to endure.

2.2Strain
Strain can be considered from the point a material begins to deform from stress- its ratio from change in length from initial length. Yet again there are 2 types which also coincide with stress, normal and shear. As strain mainly defers too the change in length with an object or material, we can consider the formula:
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Due to the ratio being of both quantities but having the same dimensions we don’t have a unit for strain [11].

2.3Relationship Stress/Strain
The relationship between these two components is known as Hooke’s Law, this defines as the strain is proportional too the stress within the plastic region of the desired material, this can be expressed better within a graph (Figure3):
[image: ]Fracture point at C- Young’s Modulus (YM) has been added to the graph:
YM= Stress/Strain


(Figure 3)- Stress/Strain Graph

2.4Poisson’s Ratio

However, strain doesn’t apply to the compression on the material perpendicular when a force acts upon it. The writer explains this in terms of a toy they used to play with as a child known as “Stretch Armstrong” shown in (Appendix 2), this toy had rubber arms that could be pulled from each arm. As you pull the arms further apart you can begin to see from inspection, they become thinner. In simulation this will be known as Poisson’s ratio in which the positive value will be for + tensile deformation and – for compression deformation, this value also considers the relationship between stress and strain.  
Poisson’s ratio can be found:

[image: ] [12]
                                                       (Figure 4) – Poisson’s Ratio


Energy Transformation
The abaquas simulation will be considering a bullet moving at around 500m/s hitting a resting target- therefore there will be various types of energy transformation involved:
1.Chemical Energy (Ec) produced by the gun,


2. Kinetic Energy (Ek) the bullet in flight


3.Work done by the Target from the bullet acting on.

Using this concept, we can calculate the word done by the target using the basic formulas:
Ek = 0.5 x mass x velocity^2    =     Work Done = Force x Distance 




The writer has defined and analysed various topic of conversation that has come up within the literature and the laboratory, the next part of this report will be to complete the simulation for the report.

3.Steps for Simulation

ABAQUAS has various steps for operation, and these are as follows:

· Part – These parts were created prior by the lecturer- providing a bullet (Part1) and a laminated target with various layers (Part2)

· Property- Assign material properties too each section, the writer used various materials which will be analysed further

· Assembly- The act of the bullet hitting the target was assigned

· Step- Any problems ie melting point too high, or young’s modulus value doesn’t align with other properties added

· Mesh- a mesh is created for the needs of your analysis ie highlight the areas with the most stress

· Job- A job is created, and the simulation is ready for visualisation

·  Visualiser- Displays visual results.

The writer decided to focus on the steel components within this simulation, they analysed the history of steel armoured vests within the literature and how they’re not commonly used now adays due to the heavy weight it possesses. The idea was to use a section within the target as steel and surround it will more brittle, lighter materials too see if the steel is able withstand and sustain the impact around it. 
The properties such as Poisson’s ratio of Inconel-718 [13] were also obtained from the literature as the writer was interested to see the difference in steel and its own alloy. The lecturer also added different materials such as copper for simulation use or a reference in obtaining the properties necessary to avoid any running faults in the step section. The values for the simulation can be found (Appendix3).

4.Results
An aluminium bullet is used throughout the simulation as it adds validity to the report when comparing each job completed, steel is the main material being observed and analysed with different materials being added for different types of reactions for comparison.
Job 1: 
· Aluminium Bullet hitting a steel front with various plastics and rubber
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(Figure 5)- Job 1 Part 1 
[image: ]
(Figure 6)- Job 1 Part 2
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(Figure 7)- Job 1 Part 3
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(Figure 8)- Job 1 Velocity Graph
Job 2:
· Steel in the middle section, copper top section, with a plastic bottom section,
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(Figure 9)- Job 2 Part 1
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(Figure 10)- Job 2 Part 2
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(Figure 11)- Job 2 Part 3
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(Figure 12)- Job 2 Velocity Graph

Job 3:
· Steel in the back section with a plastic front, and rubber middle section,
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(Figure 13)- Job 3 Part 1
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(Figure 14)- Job 3 Part 2
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(Figure 15)- Job 3 Part 3 
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(Figure 16)- Job 3 Velocity Graph
Job 4:
In completion of Job 4 the writer used Inconel-718 for analysis, however there was an error within the properties section and without excess access to the laboratory the writer was unable to complete this simulation, however assumptions are made within the analysis section.


5.Analysis
Job 1:
From the results section above we can analyse the bullet at the point of collision at 500m/s it shows the stress is being applied to the bullet and not the target itself which is clearly marked in red from the mesh created (figure1) which emphasises newtons 3rd law, for every action(force) there’s an opposing reaction [14]. However, the key differences begin when the energy begins to transfer, and the bullet starts to strain the steel material. The material begins too shear causing the far weaker materials below to shear with the steel section collapsing through it (Figure7). 
The velocity graph (figure 8) this is a great picture as it shows the bounce back of the aluminium bullet, we can see the velocity hit peaks over 800m/s before impact, there is a bounce back effect much like a tennis ball hitting a racket- coming too a stop before excreting that force in the opposite direction before rest. The high ductility of the targets materials was able to sustain the bullet as well as exert it in the negative direction.

Job 2:
On impact the bullet shears the top section(Figure 10) in which the copper is unable to contain it, this is a clear error within the report simulation- as we compare it too the literature, we can say the ductility of copper is extremely high [15], therefor a bend and strain in the material should be clearly seen in the simulation rather than sheer stress being applied right away. However, the speed the projectile and force the projectile is acting at could cause this potential effect.
 Our plastic region acts how expected with it having a similar reaction too Job 1, shown in (Figure 11) the knock-on impact of the steel region causes the material too yet again create shear stress. 
The velocity graph (figure2) as the steel is in the middle of this section it provides little resistive force acting on the bullet therefor the velocity doesn’t decrease much, the distance at this high velocity therefor increases causing far more stress/strain damage within the target area.  

Job 3:
Job 3 shows the rubber and plastic section to have similar impacts. As we compare this to the literature it provides that rubber has a greater resistance when it increases temperature and possesses a high elasticity value [16]. 
This does not coincide with (Figure 14) from analysis as it shows both the rubber and plastic have yet again the same behaviours when the plastic is a lighter weight material and less resistive compared too a metal material therefor the stress and strain happening almost instantly within the figures shown in job 3. 
The velocity graph shows in (Figure 16) aligns perfectly with Job 2, yet again showing no resistive bounce back on the bullet and penetrating the material fully before stopping at the steel section at rest. Yet again the lack of ductile and hard materials within these sections allows the aluminium bullet to operate at high velocities.   

Job 4:
On assumption of job 4 we can consider it too act similar too its material component steel, they both have great strengths with Inconel-718 is also Gamma double prime strengthened, allowing it to operate at different temperatures or in creation of superalloys [17]. Inconel as an alloy is also lighter than steel, which is desirable within its industry.
The stress and strain acting upon would result in similar effects with a ductile bounce back accruing depending on the distance, velocity and properties of the bullet acting on the Inconel-718 target.


 


6.Conclusion
In conclusion the report showed the effects the high velocity ballistic had acting on various materials from, steel, plastic, Inconel etc. The differences in hardness, ductility and overall yield strength were clear on analysis. Steel not only showed far greater hardness but an overall greater ductility with Inconel-718 showing similar results in theory. 
The high velocity has a major impact and, in some cases, halted the analysis as it is hard to identify some factors with the lighter materials being obliterated- instant shear stress. However, relating this back to a real-world experiment, we can consider alloys within the future in developing greater body armour. The effects shown in the steel/plastic design was flawed as the steel could take the impact of the bullet, but the effects showed the plastic region was also shattered in the process however using lighter alloys in combination could be effective. Overall, the writer was able to explore different components involved in a bullet to target collision, while analysing the key differences and similarities with the results with the literature.


















7.Appendices
Appendix 1
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Appendix 1- Types of bullets

Appendix 2
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Appendix 2- “Stretch Armstrong”
[18]
Appendix 3
Aluminium values
J-C Damage-  -0.77	1.45	-0.47	0	0	0	0	1
Damage evolution- 0.004
Density- 2800
Elastic-  70000000000	0.33
Plastic- 324100000	13800000	0.42	0	0	0

Copper values
J-C Damage- 0.54	4.89	-3.03	0.014	1.12	1085	800	1000
Damage evolution- 0.01
Density- 8770
Elastic- 43000000000#
Eos- 3933	1.489	2.02
Plastic- 145000000	230000000	0.34	0.8	1083	800

In-conel 718 values
J-C Damage- 0.04	0.75	-1.45	0.04	0.89	0	0	10
Mass Density- 8200
Elastic-  205000000000	0.307
Plastic- 860000000	1100000000	0.5	1.05	0	0

Steel values
J-C Damage-  -0.8	2.1	-0.5	0.0002	2.7	0	0	1
Mass density- 7860
Elastic- 700000000000	0.3
Plastic-  217000000	233000000	0.6428	1	0	0
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