
 

Transient Structural Impact Simulation Using Altair SimLab 

Tutorial 5 

 

 

Problem Description 

Suppose one wants to find out if a round Plexiglas (acrylic) plate will be damaged if it suffers from the 
impact of a steel ball, which was dropped from a height of 1m. Assume the steel ball is 0.24 meters in 
diameter, and the Plexiglas plate is 1 meter in diameter and 0.05 meters thick. Assume that the Plexiglas 
plate is glued to the floor. 
 

The goal of this tutorial is to find the maximum stress caused by the impact. Assume the material 
properties of the Plexiglas plate are:  

Material Properties of Acrylic (PMMA)  

Property  Value 
Density 1180 kg/m3 
Young’s Modulus 2.69e+9 Pa 
Poisson’s Ratio 0.395 
Tensile Yield Strength 6.24e+7 Pa 
Tensile Ultimate Strength 6.71e+7 Pa 

 

Assume that the friction coefficient between Plexiglas and steel is 0.45.[2] 

Tutorial 

Simplifications  

In order to save simulation time and computational cost, this simulation will be performed as an 
axisymmetric computation. All loads and geometries are symmetric about the y axis.  

As a further simplification, the time in which the ball is dropping, before coming into contact with the 
plate, can be modeled using simple analytical physics equations.[3] Recall from basic physics, that the 
time that it takes for the ball to arrive the plate can be found using:   

𝑥𝑥1 = 𝑥𝑥0 + 𝑣𝑣0𝑡𝑡 + ½ *𝑎𝑎𝑡𝑡2                     (1)  

Where 𝑥𝑥 1 is the final position of the ball, 𝑥𝑥 0 is the initial position, v0 is the initial velocity, a is the 
acceleration due to gravity (-9.81 m/s^2), and t is the time elapsed. The initial velocity is assumed to be 
0.0 m/s, and the initial and final positions are known:  

𝑥𝑥 0 = 1,000 mm  

𝑥𝑥 1 = (thickness of plate) + (radius of ball) = 50 mm + 120 mm = 170 mm 



 

Therefore,  

  

With this result, the velocity of the ball at the time of impact can be found:  

𝑣𝑣1 = 𝑎𝑎𝑡𝑡 + 𝑣𝑣0             (5)  

𝑣𝑣1 = (−9.81 𝑚𝑚/𝑠𝑠2) (0.41136 𝑠𝑠) = −4.035 𝑚𝑚/𝑠𝑠                      (6)  

 

Of course, these calculations do not account for some real-world factors such as air resistance, but the 
simulation would not account for that either, unless the air around the ball were also modeled, which 
would make a very complex and time-consuming simulation. This effect of air resistance is likely 
negligible, and would result in a softer impact anyway, so simulating the problem without air resistance 
would give a conservative result.  

With the velocity at impact known, the impact may be simulated without the preceding fall of the ball, 
saving computational time. For this reason, the geometry will be modeled such that the ball is in contact 
with the plate at the beginning of the simulation. 

 

1. Create Material: Launch SimLab. Change the unit system to MKS for ease of operation. Go to 
Materials tab in the Model Browser and right click on Materials. Click Create and enter the 
Name as Acrylic. Set the properties according to the table: 
 

Property  Value 
Density 1180 kg/m3 
Young’s Modulus 2.69e+9 Pa 
Poisson’s Ratio 0.395 
Tensile Yield Strength 6.24e+7 Pa 
Tensile Ultimate Strength 6.71e+7 Pa 

 
After putting in all the properties in the Elastic and Fatigue section, click OK. 
 



 

 



 

 



 

  
 

2. Problem Setup: Go to the Solutions ribbon and select Drop Test. This gives an elegant setup for 
this particular problem at hand. Select Drop Impact from the drop-down list and click OK. Also, 
enable the units at the bottom right corner of the SimLab GUI. 
 

 



 

 

  
 

3. Creating Geometry: Now, we create a geometry consisting of the acrylic plate and the metal 
ball. To generate the sphere, go to Geometry ribbon. Click on Create body and then click on 
Sphere. Select Body type as Mesh and enter the radius as 120 mm with the origin as the center 
of the sphere. Click OK and the sphere is generated. 
 

 



 

  
 
 
The sphere looks like the following: 



 

  
 
Now, to generate the plate, select the Cylinder option in the same section. The cylinder that we 
generate should have it’s upper surface just touching the sphere.The centre that SimLab refers 
to in the image below is at the middle of the width and centre of the circular portion of the 
cyliner. So, the coordinates of X, Y and Z are 0, -145 (i.e. 120+(50/2)) and 0 respectively. The 
Height and Outer radius are 50 mm and 500 mm as given in the problem statement. 
 
Select appropriate number of elements and click OK.  
Keep in mind that if you are using Student edition of SimLab, 10000 is the node limit for Drop 
Test simulations. 
 

 



 

  
 
The final geometry would look somrthing like the following:  



 

 
 

4. Mesh Generation: Now that the geometry aspect is done, we move on to meshing part. We 
observe that the surface meshing is already taken care of while we generated the geometry. So, 
we move on to Volume meshing. Go to Mesh ribbon and select Tet Mesh. Select Element Type 
as TET10 and the average element size to be 24mm. Select the bodies and click OK. 
Although, you can choose to modify your surface mesh using the Surface Mesh option in the 
Mesh ribbon. 
 

  



 

  
 

5. Before moving on to constraints and boundary conditions, we add the bodies to our solution. Go 
to Solutions tab in the Model Browser. Double click on Drop Test. Go to Select Bodies and click 
the two bodies. Check the boxes corresponding to Tie contact creation and Quick setup. Select 
the drop height as 1000mm and solution time after impact as 5e-3 seconds. Both these values 
are as given in the problem. 
Then click on Drop Direction. Select the Y-Axis and then click on Reverse axis so that the red 
arrow points downwards. Click OK for the two dialog boxes. 



 

 

  
 

6. Assign Materials: To assign the materials to the bodies, click on the plate. Now, right click 
anywhere on the screen and go to Materials and then select Acrylic. Similarly, select the ball 
and right click. Go to Materials and click on Steel.  



 

Now, Acrylic is the assigned material for the plate and Steel for the ball. 

 



 

 
7. Applying Constraints: Now, we apply the Fixed constraint on the lower surface of the plate. So, 

go to the Analysis ribbon and click on Constraints in the Loads and Constraints section. Click on 
Fixed Constraint. Select the lower facing surface of the plate. Check all the boxes for 
Displacement and Rotation and click OK. 
This ensures that the the selected surface remains fixed during the duration of the simulation. 
 

 



 

 
 

8. Applying Friction: To define the friction between the ball and the plate, go to Analysis ribbon 
and select Contact in the Loads and Constraints section. In the Master faces, select the two 
faces of the sphere. For the Slave faces, select the upper surface of the Acrylic plate. Enter the 
Coulomb friction coefficient as 0.45. Click OK.  
 

 



 

 



 

  
 

9. Define Intial Conditions: To define the initial condition of the ball, go to Analysis ribbon. Select 
Initial Conditon in the Loads and Constraints section. Check the Y field and enter the value as 
calculated, -4.035 m/s. Select the ball and click OK. 
 

 



 

  
 

10. Define Impact Surface: For Drop test, we define the impact surface where an object will drop or 
hit. To do this, go to Analysis ribbon and select Impact Surface. Go to Define plane and select 
the Planar face. Select the upper face of the plate and click OK.  
 

  



 

  



 

 
11. Define Solution parameters: Go to Solutions tab in the Model Browser, and right click on 

DropTest. Select Solution Parameters. In the run execution time parameters, select the final 
time as 5e-3 seconds. Click OK. 
 

 



 

 
 
 

12. Compute Solution: Go to Solutions tab in the Model Browser and define or modify the Working 
Directory according to requirements. Then right click on Results and click Update. 



 

  
 
The results look like the following. To observe the results on the plate only, click on the ball and 
right click, select Hide. Now, play the animation. We can see the effects of the drop on the 
acrylic plate now. Now click on the plate and right click. Select the Show Min/Max option.  
 

 



 

   
 
Notice that the maximum Von Mises stress in the plate is 2.191e+8 Pa, which is greater than the 
yield stress of Acrylic (the material of Plexiglas), which is 6.24e+7 Pa, so the plate would indeed 
suffer damage. Note that since the plate suffers damage, the simulated motion of the ball is not 
true to life, as there would be yielding (permanent deformation) of the plate, which is not 
accounted for in the simulation. In fact, the plate would probably break since the ultimate 
tensile strength of the material is only 6.71e+7 Pa. 


