Design Project 3

Working with Finite Element Analysis

Finite Element Analysis (FEA) is commonly used among engineers who need to compute stresses in mechanical design.  This project is designed to introduce you to this important software tool.  To make things less intimidating than they could be, the project will focus on a simple problem, much like a homework assignment in the introduction to finite elements course, ME422.

 Consider the simple L-shaped bracket, which is loaded in its plane.  The left side is attached to a rigid, cantilever type support, while a force is applied on the lower right edge.  Please refer to the following figure, which describes the geometry of the device.
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This geometry enters the FEA program, often in the form of a solid body model produced by a program such as Solid Edge.  The finite element method allows for the definition of material properties, the addition of loads, such as the force shown, and it provides for the input of the support boundary conditions such as those at the left boundary.
The program subdivides the plane area shown into a number of sub-areas called elements.  The elements are connected at points along their boundary called nodes.  Here is a schematic of the element that was used in modeling this component.
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The elements and nodes together create a simple mathematical model, which can be thought of as a highly accurate spring, correctly capturing the relationship between forces transmitted through the nodes, and nodal displacement.  The nodal displacements become the primary unknowns, and form a large system of linear equations, which the program solves. As you know, if we know displacement, we can get strain, and if we know strain, then we can calculate stress, in fact all of the flavors of stress that we need, x, y and xy at any point of interest in the model.  (We get the values  at points other than the nodes by interpolation, a key ingredient in the elements behavior.)  Here is a picture of the elements, sometimes referred to as the ”mesh.”  The analysts crowded a lot of elements around the fillet because they wanted high accuracy there.
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Finite Element Mesh, Fillet Radius = 8 mm.

The finite element model can plot the stresses, x, y and xy , but we do not have space to show that.  The stress that is most important is one that can be compared with a material limit, such as the yield stress in a tension test.  There are a number stresses based on x, y and xy which can be used in this way.  The one we will pick here is the stress intensity, SINT, which is equal to 2 max.  In other words it is equal to  (max  - min).  The symbols max and min denote the maximum and minimum principal stresses.
In this problem, the engineers have focused their attention on the vicinity of the fillet, and have made contour plots of the stress intensity, SINT, produced by the solution.  Two potential fillet radii have been investigated.The engineers correctly assume that the fillet is the critical location for failure by yielding.  The material they are using is a 0.4% C, hot-rolled steel.

After the finite element analysis of the two fillets, we have plots of the Stress Intensity (in MPa) in the vicinity of the two fillets.    Here are those plots.
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Plot of the Re-entrant Corner, Fillet Radius = 8 mm.
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Plot of the Ren-entrant Corner Fillet Radius = 18 mm.
Furthermore, as a check of the model, the engineers plotted SINT along a path through the model at some distance from the fillet.  This path is labeled on the geometry diagram.  Here is a plot of SINT along the path. Units are MPa.
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Plot of SINT along the Path: DIST = 0 at bottom.
Assignment Deliverables
1.  (60%) Write a one page memo to another design engineer about the results of the analysis of the fillet.  Talk about factors of safety, and compare the two analyses.

2. (40%) Do independent analysis to verify the SINT plot along the path.  Using software of your choice, (Maple, Matlab, and Excel are what we allow), calculate the value of SINT that you would expect based on what you have learned in this course.  Write an addendum to your memo regarding verification of the model. Attach the plot to your memo.   Also include as an appendix, the Maple worksheet, the Matlab m-file, or the Excel spreadsheet that you used to produce the plot.
Grading will be based on neatness, content of the first memo, and your success in getting the plot.  You will not get it exactly, but you will be pretty close.  (-20% if you don’t get it, but make a reasonable try.)
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