24-361 Intermediate Stress Analysis
Project #2
A Photocopy of Your Work for Part a) is due Tuesday February 24 at 12:00 Noon

Part b) is due Tuesday March 2 at 12:00 Noon


In this problem, you are to analyze a bicycle pedal crank shown to you in class.  Your analysis will include handwritten “analytical” calculations of stresses in the pedal crank and it will involve a comparison of your handwritten results with those obtained from a three-dimensional finite element simulation of the loaded part.  Once you are convinced that the results you are getting are reasonable, you will estimate a factor of safety against yielding for the pedal crank.  You'll also comment on how well the component is currently designed.  


You will perform your calculations for the case when the pedal crank is at the horizontal position.  You can assume that material used is 2024-T4 aluminum with a tensile yield stress of 44 ksi.  Pedal crank dimensions are given in the diagram provided on the attached page.  


a) 
Using handwritten calculations:



i)
Calculate the stress xx "near" point A in the pedal crank.  The precise location where you will want to look at will be x = .003598, y = 0.4375, z = -0.125 (node 2030)



ii)
Calculate the stresses (all 6 of them) at points B and C in the pedal crank.  The precise locations where you will need stress results are x = 0.1464, y = -0.0009 and z = 0.0 or z = -0.4375 (nodes 201 and 640).  List the six stresses for each point in a box and draw a 3-D stress element for these locations, clearly showing the stresses acting on them.  



iii)
Calculate the Mises stress at points B and C.  


b)
Now consider results from the ANSYS numerical model of this part:



i)
1. Obtain the ANSYS value of the stress xx "near" point A in the pedal crank.  The precise location where you will want to look at will be x = .003598, y = 0.4375, z = -0.125 (node 2030).  




2. How does this value compare to that from your handwritten calculations (explain your results)?



ii)
1. Obtain the ANSYS values for the stresses (all 6 of them) at points B and C in the pedal crank.  The precise locations where you will need stress results are x = 0.1464, y = -0.0009 and z = 0.0 or z = -0.4375 (nodes 201 and 640).  



2. Make a table of your hand-calculated and numerical results.




3. How do your numbers compare to those from your handwritten calculations (give an intelligent interpretation of your numerical results)?



iii)
1. Obtain ANSYS values for the Mises stress at points B and C.  




2. How do your numbers compare to those from your handwritten calculations (explain your results)?



iv)
The key x and z locations to check for maximum Mises stress would along the sides of the crank and along the top and bottom of the crank.  




1. Obtain values of the Mises stress at the top and side of the crank at nodes 195 and 2040 (x locations roughly equal to 1.8); Point B (node 201 at x = 0.1464 ) and point A (node 2030 at  = 0.003598) and at node 207 (x =-1.91) and node 2020 (x = -1.80).  List these values in a table




2. How does the location having the maximum Mises stress change (from top to side or vice-versa) as you move in the -x direction?




3. Explain any changes in the location of maximum Mises stress.


v)
1. Look at and print out a contour plot of the Mises stress in the pedal crank with a scaling from 0 to 25 ksi and a contour increment of 5 ksi.  



2. Does the contour plot suggest a location of maximum Mises stress away from the ends?  If so, where is it?  



3. Explain this location (if it exists). 


vi)
1. Find the maximum Mises stress in the portion of the model where you expect to be getting reasonable stress results.  



2. Determine the factor of safety against yielding for the pedal crank.  (This would be the ultimate goal of your analysis, but without insight from the steps above you would be hard pressed to do this correctly).



vii)
1. State the boundary conditions that should exist at point B.  Do the stresses you have extracted from ANSYS satisfy the boundary conditions?




2. Obtain from ANSYS the stresses (all 6 of them) at node 2, which is located at x = 2.73469, y = -0.3125, z=0.  Do these stresses from ANSYS satisfy the boundary conditions at this point?




3. Explain what you have found.  


viii)
1. Do you think this component is well-designed?  



2. Can you suggest any design changes based on your analysis?  Examples would include changing the shape of the cross section, changing the size of the cross section along its length, etc.  

Web Page Guide:


For this problem, you will simply import into ANSYS an existing database file that already has results in it.  You will then use the ANSYS General Postprocessor to extract the results you need from the model.  


The web page guide for this assignment is given as “Problem 4” at the web site address:  http://www.me.cmu.edu/academics/courses/NSF_Edu_Proj/StrAnalysis_ANSYS/introduction.html
Notes about the numerical simulation of the loaded pedal crank:
1)  The dimensions and shape of the part were drawn in Pro/ENGINEER computer-aided design software and then imported into ANSYS finite element software for the numerical modeling.  The drawing of the part (done here at CMU) approximates the shape of an actual pedal crank by matching the most critical dimensions, but does not duplicate all of the actual dimensions.  

2)  In the pedal crank model, two concentrated loads are applied at the pedal end of the crank, with a net downward force of 200 lb and a net moment of 200.0 lb x 2.219 inches = 443.8 lb-inches (equaling the net force and bending moment applied by a 200 lb rider with his full weight on one pedal).  The pedal crank has all 3 displacements constrained to equal zero at all points inside the hole on the crankshaft end (approximating constraint from the crankshaft, which fits into this hole).  

3)  The ANSYS numerical model is approximating all of the stresses that occur in a pedal crank that is loaded as described above.  In other words, it does not assume beam or torsion theory in getting its predictions.  In this way, you could say that the ANSYS model is providing a more complete picture of the actual stress state in a pedal crank (read below, however).

4)  The numerical model should be giving reasonably accurate results for stresses away from sharp stress concentrators (i.e. away from sharp transitions in the geometry such as near the pedal crank ends).  The accuracy of the ANSYS model in regions of sharp changes in geometry is suspect because such regions require a high density of elements and nodes to obtain accurate results.  Multiple models having various element/node densities in these regions were not run for this problem to ensure that the density used was sufficient to obtain fully accurate results.  Thus, don’t be convinced that the sophisticated numerical model is “correct” near the sharp changes in geometry at the ends of the pedal crank just because it comes from a computer and models the full 3-D problem.  


Note also that the loadings applied to the pedal end of the model are idealized “statically equivalent” force and moment loadings.  Also, the full constraint condition applied to the crankshaft end of the model is also an approximation of what really occurs at that location.  As a result, stresses near the ends of the model will not be realistic regardless of the element/node density used there (because the loading and constraints at these locations is not realistic).


Given these facts, results from the ANSYS model near either end of the pedal crank are not accurate.
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