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Abaqus [1]is an industry wide software used to simulate many different engineering problems such as material stresses and thermal analysis.
We use simulations to solve engineering questions as these can be done far more affordably and quickly then real-world experiments. 
[bookmark: _Toc134974646]What’s Johnson cook
The Johnson cook model [2] is used in an engineering field such as aerospace, defence, and material science. The model allows engineers and researchers to be able to simulate and analyse Material behaviours under high-rate loading conditions such as Explosive blasts, metal forming processes and high speed collisions. Johnson cook values are specific to each material and must be accurate to create an accurate simulation. These values are created from results from physic tests and then simulation result and real-world result are used to calibrate and make accurate models.

[bookmark: _Toc134974647]Investigation
In this investigation I used material data at either end of the manufacturing specifications to investigate the effect this could have on the final product and how the stress and strain forces are affected. I am measuring the change of the forces within the plate only in this investigation. I used steel 4340 as the bullet material and aluminium for the plate. The bullet hits the plate at a velocity of 1200m/s in all simulations, the bullet shape, mesh and nodes are homogenised across the simulations. This is to reduce the number of variables to ensure all the outcome differences are due to material properties changes. 
Steel 4340 is commonly used in structural parts and in manufacturing, it is commonly used in landing gears, moulds, sprockets, and chucks [3], all these applications require precise tolerances and the range in quality from the manufacturing spec could have detrimental effects to the final product. The data for each set of steel parameters ranged up to 7%.


[bookmark: _Toc134974648]How I changed the materials
In order to change the material properties to the upper and lower bound of the manufacturing specification the operator in Abaqus set up a material profile for each. I got the data for these from two sources Azo materials [4] and Simulia [5]. Azo materials is a materials science journal which list the properties of materials across industries, 
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The source of the other material is from Dassault systems, “Simulation of the ballistic perforation of aluminium plates with Abaqus/Explicit” [5]this a research paper on Abaqus as a simulation software.
These materials are up to 35% apart which have effects on the forces applied on the bullet and plate. 
Model 1 has lower A parameter by 35% this could means It has a lower initial resistive force then the second meaning the initial impact may have a greater effect Following this Model A has a lower B parameter which means it has low rate of strain hardening. 

These differences mean theoretically that A will deform to greater extend  and at a lower force then model B. Model B will likely be able to retain its shape better and damage the plate more and experience greater overall forces.
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Max principal on Abaqus shows the maximum stress value the region as that point in the simulation, it can also show the compression value at the opposite end of the spectrum. Stress it the force per area ^2 . Compression [6]is an inward force acting upon a material causing it to become compacted.
S23 show the shear stress across the model at that given moment in the simulation. Shear stress [7]is stress applied perpendicular to the surface of a material. 
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The bottom of the scale shows compression forces on the force and the upper scale is showing stress across the model.
[bookmark: _Toc134974650]Max principal
[bookmark: _Toc134820587][bookmark: _Toc134822223]Figure 5 - Abaqus stress scale
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Description automatically generated]As seen in step 26 where the bullet contacts the plate there is (Black area)large compression zone. At the opposite side of the plate it small layer of stress (Red area) which is hav ing aofrce of 1.500e+8 on it. While bullet 2 follows similar distribution the compression zone is reduced massivly and overall the plate experiences more stress distribution but less  maxinum stress. The stress is applied to the plate in a conical shape.
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Description automatically generated with low confidence]Step 42 is where the bullet penetrates the other side of the plate, all compressional forces have shrunken to be only the end of the plate, the compression forces have taken over, a high maximum force (Grey and red) in a conical force. Out from the impact one radial stress forces are seen (red). Model 2 has more pockets of compression then the first model, overall, the stress forces across the plate has decreased. The bullet is further into its travel having pierced the plate further.[bookmark: _Toc134820590][bookmark: _Toc134822226]Figure 8 - B1 step 26
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[bookmark: _Toc134820591][bookmark: _Toc134822227]Figure 9 - B2 Step 26
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Description automatically generated with low confidence]The bullet has fully pieced the plave and radial stress cracks can been seen from the point of impact to the outer edge in step 79. The stress levels are alyered on top of eachother with the maxiniun foce on top. The second bullets moxium force on the plate extends further and has greater proportion of the plate, it’s maximun force is still less then the first bullet.[bookmark: _Toc134820592][bookmark: _Toc134822228]Figure 10 - B1 step 79
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At step 26 the shear stress it conical cracking around the base of the bullets penetration (grey), the shear stress load is more distributed on model 2 but the peak is higher on bullet 1.  Looking the bullets from below you can see the distribution of force around the impact point in a conical shape. [bookmark: _Toc134820594][bookmark: _Toc134822230]Figure 12 - B1 step 26 S23

[image: A screenshot of a computer

Description automatically generated with medium confidence]



[bookmark: _Toc134820595][bookmark: _Toc134822231]Figure 13 - B2 Step 26 S23
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Description automatically generated with medium confidence]Step 42 - The Shear stress around the bullet grows, both green and red areas have both expanded. The comparison between the simulations still stands the same pattern.
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[image: ][bookmark: _Toc134820597][bookmark: _Toc134822233]Figure 15 - B1 Step 79 S23
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[image: A screenshot of a computer

Description automatically generated with medium confidence]
[image: A screen shot of a computer

Description automatically generated with medium confidence]
One the bullet has fully penetrated the plate on step 79 the plate distribution of forces becomes less uniformed. Whilst in the second model the force becomes more uniformed over with the difference in force reduced but still applied in conical fractures. 
[bookmark: _Toc134820599][bookmark: _Toc134822235]Figure 17 - B2 Step 79 S23
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Description automatically generated with medium confidence]The first bullets speed oscillates at a higher frequency to bullet B and but doesn’t range as much when oscillating. Bullet A has a greater overall range at the starter of 0.4 compared to 0.2. [bookmark: _Toc134820600][bookmark: _Toc134822236]Figure 18 - B2 Velocity Graph
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Overall, the bullets had very similar effect to the plate, but forces sustained over the duration of the simulations were different and will have critical effect in real world situations. 
[bookmark: _Toc134974654]Difficulties
If the model had too many nodes, then the simulation would fail around 1000 nodes, to combat this the node count had to be lowered to allow the simulation to run, this meant detail was lost overall on the model. To get accurate scales which can completely represent all the data was very difficult as shown above in figure ?? the grey area is where the scale isn’t quite right.
[bookmark: _Toc134974655]Simulation improvements
To improve the simulation the Steps can be increased to be able to pinpoint in more details each stage of the impact and the following effect. Increased mesh detail [1] and shape effect the accuracy of the final model. The mesh used in this model is relatively simple and increasing its detail could drastically improve the accuracy of the results.
[bookmark: _Toc134974656]Whys it important in the industry
The defence industry can be costly and dangerous, a single missile launch can cost thousands to hundreds of thousands. An accurate simulation can save money whilst still giving the accurate data needed. It can allow for rapid iterative prototyping and development of a product as different shapes and materials can be rapidly simulated skipping many manufacturing costs and firing cost. This makes it more cost effective to test out multiple design. Real world testing requires time and sign off from superiors whilst a simulation can be completed in significantly less time. The simulation also gives quantitative data for forces across the bodies of the bullet and plate which would be very difficult to measure in the real world. It also negates a safety hazard of firing a prototype weapon, a prototype weapon can be unpredictable and dangerous a simulation doesn’t create any dangers and allows for safety evaluation to occur.

Simulations are not totally accurate to all scenarios as they do not account for all variable of the real world as they follow mathematic models such as Johnson cook [2]. Following this it won’t consider any imperfections in manufacturing such as poor mix or material casing. Any flaws in design such as how the product interfaces with the firing method won’t be shown up in this type of simulation. It has limited scope being limited by the mathematic models, hardware, and parameters in put by the user which can affect the result.
However as more and more simulations are done, and we understand more about the physic and mathematic the more accurate the simulations will become.
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Johnson-Cook mode! parameters

Label of model Hardness (HV) oM AMPa 8/MPa n m c
Target plate: 200 650 270 1000 074 1 002
S1 (Copper) 220 705 350 2753 036 1007 0022
52 (Steel) 280 900 507 320 0064 106 028
53 (Steel) 320 1030 792 510 026 103 00147
S4 (Steel) 450 1455 175 1092 035 11 0013

55 Rigid / / / / ] 7
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Parameters Tungsten Alloy Steel 4340
Damage Constant, Dy 0 0.05
Damage Constant, D 0.33 344
Damage Constant, D3 -15 —-2.12
Damage Constant, Dy 0 0.003
Damage Constant, D5 0 0.61
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Table 1: Input parameters for the Mie-Gri

isen EOS model, [4, 5]

Reference | o | parameter o1 | o Reference Specific
Material density, po . i T | PoRTEER | temperature heat,
la/cr’] e s - K] 11/(kq K)
Flaminum G061 5703 197 0.524 1.40 2932 885.0
Steel R
4340, Bez8 7.83 167 04578 133 293.2 477.0
Table 2: Input parameters for the Johnson-Cook plasticity model, [5, 6, 7]
A B, Oper 8, £
" , ] n » ramton
Material [MPa] [MPa] K] K] m C N
[1/s]
m”m”ﬁg’ BT 5501 138 0.42 925 2932 1.34 0002 1.0
Steel |
4340 030 792 510 026 793 2932 1.03 0014 1.0
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