FEA Assembly Tutorial
This tutorial demonstrates the basic use of connections in an assembly when using the FEA analysis tools in CATIA, as well as applying Bolts and a pressure analysis. The methods used in this tutorial are by no means the one and only way of solving what is demonstrated here and should only be used as a guide. The file extension for this tutorial can be found here: FEA Bolt Tutorial
S:\HVLC\seniordesign\Catia Course\8. Spring 2010\Final Project\12.30 Projects\Under Pressure FEA\Tutorial\Parts\FEA Bolt Tutorial.CATProduct
[image: ]
1. [bookmark: _GoBack]Begin by clicking the link to the part at the above file extension. Then proceed to start a Generative Structural Analysis by clicking on Start<Analysis & Simulation<Generative Structural Analysis. If the New Analysis Case dialog box appears select Static Analysis then hit ok.
2. [image: ]The material properties have already been selected for this tutorial, so begin by adjusting the mesh sizes of each part in the assembly by double clicking each green tetrahedron or by selecting each individual mesh under the Nodes and Elements in the design tree. Apply a mesh size of .3 for all three parts; leaving Absolute Sag checked and the value unchanged.

3. After this is complete for all three parts proceed to update and display the mesh by right clicking on Nodes and Elements, then selecting Mesh Visualization near the bottom of the list. When the Warning Dialogue box appears select ok and wait for the mesh to be applied. Once this is finished you need to redisplay your physical part; not just the mesh. So right click Links Manager.1 in the design tree and select [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\I_DELMDptIPMTolProdHideShow.bmp]Hide/Show. On a side note I have discovered that a mesh needs to be applied and calculated prior to defining your assembly in the analysis. Otherwise you may encounter errors when trying to calculate your stresses.
For the purpose of applying constraints it is helpful to hide the mesh for this next part but is not necessary. I have chosen to hide it in this case. Also before proceeding with the analysis it is helpful to pull out all of the hidden menus and position them in a way that is easiest for you. In my case I have repositioned them all in the upper bar proceeding from right to left until they have all been pulled out.
4. [image: ]Select the [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\I_ConnectionDesignSet.bmp] General Analysis Connection button found on the right side bar. This is how we will define how our assembly is connected and is one of many ways to define a connection in CATIA. For the First Component select one of the flange faces that is in contact with one of the end caps. Then select Second Component in the General Analysis Connection window and proceed to select the end cap face that contacts the previously selected flange face. It is necessary to hide and show components when doing this. Hit ok and then repeat with the other side of the flange.

5. [image: ]After CATIA knows how your assembly is put together it is helpful to add friction properties to your connected surfaces so your parts don’t slide when applied by a load. In the design tree under the Analysis Connection Manager select one of the General Analysis Connections then select the [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\I_ContactConnection.bmp] Contact Connection Property button found on the right side bar. For our purposes we will be using a Friction Ratio of .3.  Even though we could apply a No Sliding property to prevent the part from moving. Repeat this for the other connection.
[image: ]
6. [image: ]By now our analysis should look similar to the one above. Next we must apply the bolted connections. To do this we must first apply [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\I_ConnectionDesignSet.bmp] General Analysis Connections to each bolt hole like we did previously for the faces, only this time select each concentric hole (one on the flange and one on the end cap). Make sure you are selecting the inside concentric surface and not the outer circle. Do this for each of the eight holes. You will know when all eight holes have been connected properly when there is a red line showing the connection on each bolt hole. On a side note, the first concentric surface you select will designate the side the bolt head is placed on.  For this tutorial we will not worry about the bolt head placement.
[image: ]
7. To apply the virtual bolts first select one of the connected properties we just made from the tree or physically on our model by selecting the red line. Now find the [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\IF_SamVirtualSpringBoltTighConnect.bmp] Virtual Bolt Tightening Connection (should be in the drop down list one down from the [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\I_ContactConnection.bmp] General Analysis Connections). For a tightening load use 50lbf. If yours says Newton’s you can change this in the units tab of the options menu found under the tools drop down menu. Now hit ok. A red image of a bolt is now displayed. Repeat this for the other seven bolts. 

8. Lastly before analyzing our assembly we must apply a pressure and a clamp to secure our assembly in space. Hide one of the end caps and select the [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\I_Pressure.bmp] Create A New Pressure button which should be on the top bar if you placed yours similar to mine. For the support select the inner cylindrical face of the flange and set the pressure to 150psi then hit ok. Unhide the part then hide the flange itself. Two small bumped surfaces were created to allow the placement of a pressure on the inside surfaces of the end caps instead of the full face. Apply the same 150psi pressure on these surfaces for each one. Now apply a [image: C:\Program Files\Dassault Systemes\B19\intel_a\resources\graphic\icons\normal\I_Clamp.bmp] Clamp on one of the end cap outer faces. 
The Two thin extruded surfaces on the end caps were given the same diameter as the inner cylindrical diameter of the flange.  These extrusions were only created so that we could essentially trick CATIA into applying a localized pressure onto each of the end caps.  Though an actual end cap may not have this extrusion, its FEA should still be accurate because the extrusions were made almost negligibly thin.
[image: ]
9. Before calculating the FEA analysis reapply and update the mesh if necessary then select the Compute button. Compute for all and select ok when the Computation Resources dialog box appears. This process should not take more than five minutes.


From this point on you can view displacements, Von Mises stresses, Principle Stresses and also go try applying larger loads and clamping positions. To help with visualizing switch to a customized view with shading and material both displayed. The Von Mises for our assembly is displayed below.
Von Mises
[image: ]
Modified from FEA Pressure Tutorial from folder Tutorial on the University of Idaho Shared Student Drive
Originally by Tyler Flowers, Lucas Pope, Matt Luedman	3/28/2011
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