High-speed projectile impact on target plate

For the lab-based coursework we will use   multi-physics simulation application called ABAQUS from Dassault Systems  ( 3ds.com) . In the world of high strain-rate modelling – applicable for ballistics and explosive-driven problems-   the choices in the commercial world are typically:
ABAQUS   
LS DYNA 
AUTDYN  from the ANSYS family  
Most research papers use one or other of the first two  applications. 
For high strain-rate problems we would use an explicit solver (in contrast to an implicit solver). Not all FEA applications have an explicit solver.  Explicit solvers have mathematical algorithms  designed to efficiently solve problems with for very small time-steps, which is important for high strain-rate situations.   We will use ABAQUS Explicit. 
ABAQUS: Make sure you use the 2023 version in the lab. 
Remember: Hold down  Ctrl  and Alt  then use mouse to  pan, rotate  .

Following the example in the ABAQUS example given in ballistics paper 1:
PART MODULE
Create a 3D deformable (i.e. mesh-able )  called projectile, of size approx. 0.1 m ( since the length of bullet is approx. this length)
[image: ]

Click on Done ( middle mouse button works  as  DONE as well) 

Rotate through 360 degrees:

Draw the  projectile which we will rotate through 360:
There are many ways of drawing: here i use the Lines and Spline commands to  generate  a rough approx to  the bullet: 
[image: ]

[image: ]
If you want to  dimension precisely we must first create DIMENSIONS  then edit them with  the values:
To  Create a DIMENSION, click on the command and select the entity on the screen to  dimension:
[image: ]

Then  you can EDIT DIMENSION VALUE:
[image: ]


DONE, DONE  then enter 360 degrees for the rotation:
[image: ]

To get:
[image: ]


To Create the target plate :
Create Part again but this time as an extrusion of size approx 0.3 m  
[image: ]




Draw the rectangular cross section:

[image: ]



Create dimensions and edit them as before:
[image: ]

DONE then extrude   through 0.304 m  to  create a 304 mm square plate  of thickness 26.3mm  
[image: ]

[image: ]


PROPERTY MODULE:

We will now create some materials: In the PROPERTY module we will then assign each Material to  a Section and then Assign  that Section to  the component region on the screen that we choose. 
So  the three commands we will  use are the top  three commands :
Create Material
Create Section
Assign Section








Create Aluminium material with Johnson-Cook Plastic model and Johnson-Cook Damage model: Select CREATE MATERIAL
[image: ]
Enter Density:
[image: ]







Enter Young’s modulus and Poisson’s ratio for the ELASTIC behaviour of Aluminium:
[image: ]
[image: ]






Next enter the J-C parameters for the Plastic behaviour:
[image: ]

[image: ]





And under sub-options:
[image: ]

That completes the entry of the J-C plasticity model parameters




Now we enter the J-C DAMAGE parameters: 

[image: ] 

[image: ]

And under the sub-option Damage Evolution  (see above)  enter the fracture energy :
[image: ]


This completes the entry for the J-C plastic and J-C damage models for Aluminium

Now Create a new Material for the projectile: We’ll just enter a simple model for Steel with values for Density, Young’s Modulus and Poisson’s Ratio:
[image: ]
Now we have completed creating two  materials, we can create the corresponding Sections
CREATE SECTION:
[image: ]
And select the aluminium material to associate with this aluminium section;
[image: ]

Now repeat this process to  create a section called STEEL_SECTION  which has the Steel material associated with it.
[image: ]



[image: ]









Now we assign these sections to  the corresponding component regions 
With the projectile on the screen:
[image: ]

Select ASSIGN SECTION command and pick the projectile 
[image: ]


Repeat for the Plate in the same way:
[image: ]


ASSEMBLY MODULE 
Now we create instances of each part in an Assembly:
[image: ]


Now we position the projectile centred and  just proud of the plate  :
Click on the tip of projectile and click on a vertex on plate to  start with
[image: ]

[image: ]


Now translate the projectile -  on my screen it will be  = 0.152  = 0.304/2  in the pos z direction and th same value in the neg x direction and  let’s say 2mm proud
[image: ] in the pos y direction. So  we  go from a start position of (0,0,0 )  to  (-0.152,0.002,0.152)  to  get :


STEP MODULE:

Here we tell ABAQUS what type of solution and solver we want:  DYNAMIC EXPLCIIT
[image: ]

And choose a max simulation time of say 0.001 s- sufficient time for bullet to  penetrate etc.
[image: ]




LOAD MODULE:

We can do  two  things in the LOAD module for this problem:
· Give the projectile an initial velocity  of say 800 ms-1 in the neg y direction
· Restrain  the edge faces of the plate with an ENCASTRE boundary condition (  i.e. no movement or rotation 





Let’s give the projectile   the initial  velocity through a predefined field: remember to  choose the Initial step not the solver step STEP1:
[image: ]


Select the projectile regions (  SHIFT for Multiple sections) 
[image: ]

[image: ]




Now we restrain the edge faces of the plate -  glue them in space so  to  speak with an ENCASTRE  Boundary Condition (B.C. )

[image: ]


Pick the four faces  -  use SHIFT and carefully rotate (CNTL ALT ) to  pick them
[image: ]
[image: ]

To get :
[image: ]

MESH MODULE

Here we create an appropriate mesh  and assign finite elements to  that mesh
Let’s pick the Projectile Part first:
[image: ]


See the edges to  assign a  global mesh size:
[image: ]


Next ASSIGN MESH CONTROLS to  allocate TET shaped elements to  this part:

[image: ]

Next choose the element type: LINEAR TET EXPLICIT STRESS elements:
[image: ]

The finally Mesh the part
[image: ]
[image: ]

To  Remesh a Part  you must first DELETE  the mesh then remesh . the delete mesh command is in the same stack as this MESH Part command.



Next we mesh the plate -  select that part first :
[image: ]

It’s the same sequence of commands:
SEED PART:
ASSIGN MESH CONTROLS -  use HEX elements for this simple shape
ASSIGN ELEMENT TYPE:  Explicit HEX Linear STRESS[image: ]

MESH PART 
[image: ]

This  mesh is OK  but we should really refine the mesh to  have denser mesh at impact pint  and coarser mesh further away from impact point.

The final stage of constraint the model is to  define Contact between the projectile and the plate- otherwise they will be meshed but unaware of each other. 

We will define a SURFACE -  to  SURFACE contact  in the INTERACTION module . We will chose the Surface of the projectile – but for the plate the ’Surface’ will be a set of element nodes that might be hit as the projectile penetrates. 
So-  we stay in the MESH module and create a Set of nodes  that we think might be hit by the projectile- then we go to  the INTERACTION module to  create the contact:





[image: ]
To  select the nodes  I suggest using the circular select option :
[image: ]

[image: ]

Now we’ve create that node set -  we will be able to  use it as the second ‘surface’ in the INTERACTION Module
Create an Interaction:

[image: ]



Select the first surface ( SHIFT for multiple surface picking) 
[image: ]

Now pick a NODE ReGIon for the second surface:
[image: ]
Pick the SETS button on the bottom right hand side:
[image: ]


Then pick the set you created earlier.
:
[image: ]


We then get the following dialog box:
[image: ]

We must create some Interaction properties    Select : Create Interaction Property as above:
[image: ]

And take the default values for tangential and normal contact behaviour 
[image: ]


[image: ]
Then just OK the Interaction dialog box to  complete  the contact interaction definition.

 [image: ]

The following display confirms the contact definition 
[image: ]


JOB MODULE

We now create a job and submit it for execution. We can Monitor its progress and when completed click on RESULTS to enter the VISUAILISATION MODULE
First, create the job:
[image: ]

[image: ]


Next enter the JOB MANAGER and submit the job:
[image: ]CLICK MONITOR TO SEE PROGRESS AFTER SUBMIT
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