	
	
	



[image: Discover University of Wales Trinity Saint David]     APPENDIX GA36a
	LEVEL 4 ASSESSMENT SPECIFICATION 


	Student name:
	Ailee Doyle Gray 
	Student ID number:
	2222007

	Programme:
	BEng OME

	Module:
	Physics 

	Module code:
	ACDB 4007
	Contribution to Overall Module Assessment (%):
	50%

	Lecturer:
	Prof Kelvin Donne
	Internal Verifier:
	Dr Steven Mosey

	Assignment Title:
	Dynamic Stress-Strain investigation 
	Word count (or equivalent):
	1500-word report   

	Submission deadline:
	Monday 15th May 2023
	Return date of provisional marks & written feedback:
	Monday 29th May 2023

	Submission method:
	[bookmark: _Int_tDnxvhUV]All written assessments, where practical and possible, must be submitted via Turnitin unless otherwise instructed by the Lecturer. (Please DO NOT put this assessment specification into Turnitin or it will match many similarities with other students’ submissions.)
Alternative submission method (if applicable): 
Late submission of the assessment will result in a late penalty mark. Penalties for late submission: Up to one week late, maximum mark of 40%. Over one week late, 0%. Only the Extenuating Circumstances Panel may approve a change to submission dates.

	Academic honesty / referencing:
	Academic honesty is needed. In the main body of your submission, you must give credit to authors on whose research and ideas your work is based. Append to your submission a reference list that shows the books, articles, etc. that you have used, cited, or quoted to complete this assessment. 






Abstract
This report will supply an overview of the high-speed ballistic impact of a projectile onto a target plate project. The report concentrates on the impact of different projectile speeds has on certain materials of the plate. The two simulations provided in this report were created on Abaqus (a simulation software) and both show a steel bullet colliding with an aluminium plate at a specific velocity. Both the projectile and the plate were provided by the lecturer. 
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1. Introduction
· The tasks aim was to produce a high-speed ballistic projectile simulation on Abaqus and produce a finite element analysis based on tension (Max principal setting) and strain (S23 setting) and conduct research based on the materials used and investigate the stress during the collision. The simulations consist of a steel projectile colliding with an aluminium plate at different speeds to see if they can fully penetrate the plate or just create a deformation. The steps taken to create the plate and the projectile will be discussed as well as the material properties and definitions needed to understand the project fully. 

2. Simulation Set Up
· (A) Plate Model 
· [bookmark: _Int_SCuGeNYH]Using the model provided for the assignment by the lecturer, a rectangle was sketched of 0.3mm x 0.0035mm and extruded by 0. 3mm to create the square plate. Once materials are created on Abaqus use Property module to create section. Create the sections name as “Aluminium Plate” and assign the aluminium material. 
· [bookmark: _Int_DHaYw3L1]The mesh there are 8 elements through thickness [1]. This is good as it allows you to see more accurate changes in stress through thickness better than one element through thickness. 
· [bookmark: _Int_T8Se8Mjf]To create the mesh, use the mesh module and assign mesh controls to HEX and select the element type to “Explicit HEX Linear Stress”.
· The finished plate model should be like figure [2].

[image: ]
[Figure 1: Dimensions of plate with mesh]

[image: ]
[Figure 2: Full extrusion of plate]

· (B) Projectile Model 
· [bookmark: _Int_1cJKmgVu]Again, using the model provided for the projectile, a sketch was produced however instead of extrude use revolve around the x-axis at 360 degrees. The revolve should give similar product to figure [3]. Using the same technique used to assign the plate material, Create the sections name as “Steel Projectile” and assign the created steel material.
· The mesh is also acceptable here as there are many elements through thickness instead of just one solid as seen in figure [4]. 
· The mesh for the projectile can be created in the mesh module. Select the projectile part and assign a global mesh size, then assign the mesh controls to TET, then set the element type to “Linear TET Explicit Stress and finally mesh the part.


[image: ]
[Figure 3: Revolved bullet]

[image: ]
[Figure 4: Bullet mesh]


· (C) Assembly
· To begin the assembly of the projectile and the plate, an instance must be created. Using the assembly module, select both parts with the ‘create instance’ tool. Next, position the projectile in the centre of the plate using the translate instance feature. Clicking the tip of the projectile as well as a vertex on the plate and use the x,y,z direction to place it in the centre like in figure [5]. Next, use the step module to select a simulation time of 0.005 seconds [6]and select ‘Dynamic Explicit’ setting. 
· [bookmark: _Int_nh1ylvjf]Use the load module to set an encastre for all edges of the plate so that it doesn’t travel with any rotation during simulation as shown in figure [7]. Also use predefined field to set an initial velocity of –1200 as shown in figure [8]. This will be modified to –850 for the second simulation [9].
· [bookmark: _Int_YlcRc6Rd]To refine the mesh for both plate and projectile, create nodes for the projectile. Use ‘Tools’ from the task bar, select create and then switch to nodes as seen in figure [10]. Use a circular shape for the nodes like the projectile. Use the interaction module to create a connection between the plate and projectile. Use “Surface to Surface Contact” and select the projectile and a node on the plate to connect both sets. Selecting the set will open a tab where an interaction property can be created. Select contact and add “Tangential Behaviour” and “Normal Behaviour”. 
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[Figure 5: Representing XYZ centre point for bullet to plate]
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[Figure 6: Simulation time]
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[Figure 7: Encastre edges set up]
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[Figure 8: The first simulation velocity setup]
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[Figure 9: Second simulation velocity setup]

[image: ]
[Figure 10: Nodes for projectile]


· (D) Material Properties 
· (i) Aluminium 
· The plate was made of aluminium as it’s incredibly soft, malleable and weaker compared to the steel projectile. Aluminium is one of the most common used materials in aircraft design, utensils, window frames and food packaging for carbonated drinks (1). It has a good strength to weight ratio compared to steel even being a 3rd of the weight of steel (2) therefore it was interesting to see how steel would affect aluminium.
· [bookmark: _Int_II7qhmSH]The aluminium used in the simulation is a Johnson-Cook version. Johnson Cooke is a model based on the plasticity to define stress and strain of materials (6). The values of Johnson Cooke damage evolution units for the plate are shown in figure [11] as well as the Density [12], Plastic [14] and Elastic [13] values. 
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[Figure 11: Johnson cook damage evolution values]
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[bookmark: _Int_hj1RUiRX] [Figure 12: Density]
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[Figure 13: Elastic]

[image: ]
[Figure 14: Plastic]


· (ii) Steel  
· [bookmark: _Int_fKyW5NGQ]Steel has several useful properties like toughness as it can withstand lots of energy without fracturing the material (3). Other useful properties of steel are hardness, corrosion, and tensile/yield strength. Tensile and yield strength are both valuable properties to have as it takes lots of force to damage the material (3). Steel is one of the most widely used materials in ammunition for its inexpensive price as well as being more abundant than copper (4). Steel is also a material used to make surgical tools, cars, and household utilities like washing machines (5). A basic Steel material is used for the projectile and the mass density, Young’s Modulus and Poisson’s Ratio are shows below in figures [15] and [16].
· Abaqus uses colour to show the difference between both models as shown in figures [17] and [18]. 



[image: ]
[Figure 15: Mass density]
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[Figure 16: Youngs modulus and Poissons ratio of steel]
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[Figure 17: Colour representation]
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[Figure 18: Colour representation]


· (E) Testing Set Up
· As there are different velocities being tested during this experiment, check the ‘predefined field ‘is set correctly. The first setup should be- the 1200m/s in the Y- direction model. 
· Use the job module to produce results. Name the created job ‘test1-1200' and select job manager to submit it for results as shown in figure [19]. Once its fully loaded it will change to ‘completed’ and results will become available. The results will default to S. Mises as shown in figure [20] which should be changed in the drop-down menu at the top right. To achieve the view of figure [20] use the visualization module to activate view cut. You can change the sensitivity to make it more precise. Changing from S. Mises to Max Principal will allow a bigger range of colours being displayed as well as accurate representation of tension stress. Changing the limits of the contours will represent the stress better by more range of colour. 
· After all necessary changes are made, collect the results in tables and take screen grabs from different angles with the correct strain views taken. Make sure to do this for both bullet velocities.


[image: ]
[Figure 19: Job manager –1200 model]


[image: ]
[Figure 20: Default S. Mises]


3. Results
· (A) 1200 Simulation
· The 1200m/s simulation, as shown in figure [21], left significant penetration resulting in fragments projecting in the Y- direction. These results show the aluminium plate’s inability to withstand the force of the steel bullet at 1200m/s. The difference in the colours between tension (Max Principal) in figure [21] and the stress (S23) in figure [22] show how the tension stress 10x higher than the shear stress. Using the key at both sides of the figures the difference in colours between them further prove the material damage is from tension. 
· Figure [23] shows the distortion the bullet has created in the aluminium. This could be due to the malleability, or the weakness of aluminium compared to steel. 


[image: ]
[Figure 21: 1200 model 1 max principal]


[image: ]
[Figure 22: model 1 S23]



· (B) 850 Simulation
· The 850m/s as shown in figure [23], never fully penetrated the aluminium plate. This shows how the aluminium can withstand the force of the bullet as this decreased speed compared to the simulation of the 1200 model.  This could be from the strength to weight ratio of aluminium to steel, stated previously in the research. The difference in the colours between in the tension and stress in figures [23] and [24] respectively, show again that tension was the main source of damage although the stress in this simulation is higher than the 1200 simulation. This fault could also be from faults in the simulation including wrong Johnson Cooke values however with the research done beforehand it is likely the aluminium could withstand this force from the steel bullet.


[image: ]
[Figure 23: Tension 850 model]

[image: ]
[Figure 24: Stress 850 model]


4. Evaluation
· To get more exact data about the projectile affecting the target it will be necessary to change several parts of the simulation. The problems caused could be down to incorrect material property values or inadequate meshed models. However, the simulations have supplied some insight into the stresses that affect both projectiles and targets when an impact occurs.
· If the experiment was to be carried out again, using a hollow point in the bullet instead of round nose type could improve the results as they are useful in control of damage (7). Having this hollow point bullet made of brass could also have been more accurate as it is more realistic for real world ammunition.


5. Conclusion 
· The experiment has shown how the impact of velocity of a projectile affects the stress of targets through finite element analysis. It has also shown how a projectiles velocity and distance affects the ability to penetrate or damage a material. Creating the simulation and conducting the tests has also improved knowledge the Abaqus software as well as Finite Element analysis. Knowledge of ammunition and ballistics has also been improved from the research part of the task.
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