FEA

Our goal is using FEA was to determine where the stress concentrations were located to determine if the new bottle shape had a significant effect on the Nestle bottle’s ability to hold pressure.  In order to do this, we ran a COSMOSWorks analysis of both models.


In order to compare the two bottles reaction to pressure loads, we applied similar loading conditions and constraints. We applied a 5psi pressure load normal to the interior revolved surface in the bottle. This load was used so that the material did not exceed the yield stress, which would make the results of a COSMOSWork analysis less accurate. We then fixed the bottom of the bottles in order to more accurately see the stress distribution in the sides of the bottle. The bottoms of the two bottles were very similar in reality, so we felt the stress distributions would be similar in our analysis. As a result, we did not model the bottoms very realistically, and were not concerned with their reaction to stresses as a way to compare the two bottles. Most of the feature differences which we were concerned with lie in the sides of the bottle, and our analysis reflected this.
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Figure X: Loading conditions for Kirkland            Figure X: Loading conditions for Nestle


The bottles were both made of PET, which is not a default material in SolidWorks. In order to accurately model the bottles, we researched the material properties of PET which were necessary to out analysis, and added PET as a custom material. The material properties were defined as follows:
Chart X: Material Properties of PET
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To mesh the bottles we used shell elements, which gave us a faster and more accurate result than the 3d elements which are default to COSMOSWorks. In order to determine if our stresses converged, we ran mesh independence studies starting from a very coarse mesh, working up to a finer mesh. As demonstrated by Figures X and X, both bottles had stress values which converged with decreasing mesh size.
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Figure X: Mesh convergence study for Kirkland      Figure X: Mesh convergence study for Nestle
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Figure X: Mesh for Kirkland                                    Figure X: Mesh for Nestle

The challenge in this process was getting the Nestle bottle to mesh accurately. When the model was originally imported as a parasolid, there were gaps in the model which SolidWorks detected, but Rhino did not. This is most likely because the two programs use different tolerances for intersecting curves. Meshing required that the surface be completely finished, and so importing the model as a parasolid did not allow us to mesh. The model then had to be imported as a single surface, which made it difficult to achieve the smaller surface features in SolidWorks that could not be modeled in Rhino. These features included the thickness of the bottle and small radius curves which were the smallest geometric features of the bottle. As a result, we had to omit some of the fillets which would have given us a more accurate model. This lack of small fillets lead to stress concentrations within the Nestle bottle model, however as shown by the mesh independence study, these concentrations did not cause our results to be invalid. We feel that the comparison in the stress distribution within the bottles is reasonable, but the values may not be precise. Therefore, we did not use the stress values to compare the two bottles, only the stress distribution.
The results of our analysis show that the stress is greatest in the area where the surface is most irregular. There are regions of stress concentration which appear to be higher than the average stress. Comparing that to the original bottle, where the stress distribution is much more uniform and even. 
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Figure X: Deformation in Kirkland Bottle              Figure X: Stress distribution in Kirkland Bottle
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Figure X: Deformation in Nestle Bottle
     Figure X: Stress distribution in Nestle Bottle


There are regions of higher stress concentration in the Nestle bottle, which lead us to believe that it performs worse under pressure loads than the Kirkland bottle, considering that they are made from the same material, and the thickness of the Nestle bottle is less than that of the Kirkland bottle.
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