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The purpose of this assignment was to assess the stress and strain on a laminated plate using a simulation of a high-speed projectile impacting a laminated plate using the programming software ABAQUS.  We were given the choice to change material properties of the plate or the projectile or change projectile shape/speed.  I chose to focus on material properties and chose an aluminium plate with a mild steel projectile, and a steel plate and mild steel projectile.  The initial simulation ran was with the mild steel projectile penetrating an aluminium plate at a predetermined velocity.  The second simulation ran was with the mild steel projectile penetrating a steel plate at the same predetermined velocity.  An alteration had to be made to the second simulation due to an anomaly with the impact.  I made use of SPH which assisted with the visualisation of the penetration of the projectile into the steel plate which will be detailed later in the report. 

SPH – smoothed particle hydrodynamics.  Converts finite elements into SPH. [1]
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Stress can be defined as force by unit area.  There are different types of stresses that can be defined differently.  Tensile stress happens when forces cause elongation of the material in the tensile direction where the volume remains unchanged.  Compression stress causes the material to occupy a smaller volume by deformation.  Bulk stress or volume stress is where an object is being squeezed from all sides.  Shear stress causes deformation of a material by slippage along a plane.  [2]



Strain is a force that causes deformation by putting an object or material under stress.  It is a number that describes the deformation of shape and size of plastic, elastic and fluid materials under stress [3].  Just as there are different stresses, there are also the same types of strain.  Strain under a tensile stress is called tensile strain and so on.  The greater the stress, the greater the strain.  [2]
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Young’s modulus, which will be discussed in this report, is a measure of elasticity.  The ability a material has to resist deformation when under stress.



*E is the symbol for Young’s modulus.
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The projectile and the plate were already designed and meshed for us on ABAQUS.  The materials that were given were an aluminium plate and a mild steel bullet.  For my first simulation I kept the predetermined values for the properties of the bullet and the plate.  For my second simulation, I conducted research and found appropriate values for a high carbon steel plate.  The values that I used were found on MatWeb.  The Johnson Cook damage values used were the same as the values for the pre-modelled bullet.

	Material
	Density
[kg/m3]
	Young’s modulus
[GPa]
	Poisson’s Ratio, v
	Thermal conductivity, k [W/mK]
	Specific heat capacity, c
[J/g°C]

	High Carbon Steel
	4400
	124.4
	0.3
	35.5
	0.54


[4]
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As aforementioned, the projectile and plate dimensions and properties were already provided.  The velocity of the bullet in both simulations was set at 1600 m/s.  The speed that was initially provided in the pre-set model was 1200 m/s, but I found that on my second simulation the bullet wasn’t penetrating so I decided to change the velocity for both simulations.  With the predetermined values and the model set up, I was able to submit a job and run each simulation making note of which one was aluminium, and which one was steel.  The simulations helped to visualise the damage upon impact, and where on the plate the most stress and strain occurred.  I also had to change my steel simulation to SPH.  This was because when I ran the simulation, it wasn’t penetrating as it should have been.

SIM 1 – Aluminium Plate
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SIM 2 – Steel Plate
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In this section the screenshots are taken from the simulations in ABAQUS.  Max Principal shows the tension on the object, and S23 shows sheer stress.
From figures 3 and 4, initial impact of the bullet on the aluminium plate can be seen.  Immediately you can notice a lot of stress underneath the bullet where it has begun to penetrate.  You can also note that the plate has begun to deform under the pressure.  In addition to this, high levels of stress can be seen in the surrounding area of the projectile.
Figure 4 shows that the sheer stress on the plate is predominantly on the left-hand side of the impact site, with a few high sheer stress point on the projectile itself.
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In figures 5 and 6, the midpoint of impact can be seen.  This is where the bullet has breached the plate and fragmentation has started to occur.  Here you can see minimal amounts of tension from the impact site and surrounding plate.  A minimal amount of sheer stress can also be seen on the plate, with slightly more on the projectile on the left hand side.
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The final images here show the end point of penetration.  As you can see, there has been fragmentation released from impact and major deformation of the plate where impact has occurred.  Again, minimal amount of tension on the plate.  The sheer stress here is minimal but something to note is that it has moved from the left-hand side of the impact site to the right-hand side.  In addition to this, it tends to the right on the projectile as well.
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Figures 9 and 10 show the initial impact of the projectile with the steel plate in the second simulation.  As previously stated, SPH was used in this simulation to better understand the impact from the bullet.  From both images you can see minimal amount of tension and sheer stress on the plate but more on the projectile.
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Unfortunately, you can’t see very much due to the particles being behind the bullet.  However, figure 11 does show that the plate is not under much stress, but you can slightly see higher levels of stress behind the projectile.  From figure 12, you can see slight spots of sheer stress throughout the plate, and more distributed throughout the projectile.
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Finally in figures 13 and 14, you can see the particles from where the projectile has completely breached the plate.  Figure 13 shows minimal amount of stress on the plate and slightly higher levels on the impact site.  Again, figure 14 shows minimal amounts of sheer stress on the plate.  Significantly more can be seen on the impact site with some on the projectile itself as well.
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Figure 15 shows the velocity of the projectile for the aluminium plate, and figure 16 the steel plate.  From both velocity graphs you can see that the velocity of the projectile substantially decreased upon impact.  As you can see, there is a lot more fluctuation in the velocity for the steel plate.  Unfortunately, these may be unreliable as I had some difficulty with the graphs, and due to the SPH in the second simulation, this could have altered the velocity as well.
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I found the first simulation was the more successful of the two.  I didn’t run into any issues and think that it demonstrated stress and strain appropriately.  I did run into a few issues with my second simulation as previously stated.  I initially had difficulty with getting the bullet in sim 2 to penetrate.  It could have been due to human error i.e. not inputting damage values correctly or material properties.  However, after discussions in class, found this to be unlikely.  This was when it was decided to try SPH and run the simulation that way.  I found more success with this but still found it to be lacking a lot of information.  The issues that I encountered forced me to double check everything that I was putting into the program and ensuring that everything was done correctly.  Overall, I feel like the simulations were a success.  Even though there were some inconsistencies, they did produce varied and understandable results.
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To conclude, the stress and strain was better observed and more noticeable on the first simulation with the aluminium plate.  A lot of the research for this report required using different sources that sometimes didn’t have complete information, which lead to sometimes having to combine to resources.  This could have affected the outcome as they may not have been compatible values.  In the future, I would do more research into different materials with more readily available information and more resources to compare.  Even though there were some issues, I found this program to be very useful in showing stress and strain.  Overall, the simulations yielded useful results.  It can be concluded that there was substantially more tension and stress on the aluminium plate.  
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