Abstract


For this project we will use freeform surface modeling to model two water bottles, one which is a standardized design from Kirkland and a newer environmentally friendly bottle which uses 30% less plastic from Nestle. The bottles are both made from polyethylene and can hold 500mL of water. We will then load these bottles with an identical pressure load, and discuss the differences between the stress distribution in the bottles, and the maximum stresses and deformation. Our goal is to determine how the new design affects the structural performance of the water bottle. In order to meet these goals, we will utilize Rhino to model the bottles, and then port the models into SolidWorks and use CosmosWorks to run the analysis.
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Freeform Surface Modeling
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The Kirkland water bottle, pictured in Figure 1, is a standard water bottle design.  It is essentially a straight cylinder with ridges and a tapered top. The plastic is essentially uniform thickness, except at the neck of the bottle and at a molding point on the bottom. To model this bottle accurately, we will take detailed measurements of wall thickness, surface features, and general geometry of the bottle. When modeling the bottle, we will exclude the neck onto which the cap attaches because this feature is the same between the two bottles and is not necessary in determining the structural differences between the two bottles.

The Nestle water bottle, pictured in Figure 2, is a much more complex shape. Taking a cross-section of the bottle along its length reveals a more complex curve geometry. Also, the 
bottle is not radially symmetric, while the Kirkland bottle is. The surface also features intricate ridges and various fillets and chamfers which will impact the stress distribution. To model this bottle accurately, we will take detailed measurements of wall thickness, surface features, and general geometry of the bottle. When modeling the bottle, we will exclude the neck onto which the cap attaches because this feature is the same between the two bottles and is not necessary in determining the structural differences between the two bottles.

CAE Analysis


To find the stress distribution in the two bottles, we will import the Rhino models to SolidWorks. This conversion is easily done as SolidWorks can import the standard Rhino file format. Once in SolidWorks, we will use CosmosWorks to run an analysis of the bottles subjected to a pressure load. We will use polyethylene as the material type, which is a preset option within CosmosWorks. As our constraints we will fix the top opening of the bottle, to simulate the effects of filling the bottles as they would be filled in a factory setting. Our loading will be a radially symmetric pressure applied to the inside faces of the bottle, which simulates a fluid entering the bottle as it would in a factory setting. Our goals are to determine how the stress distribution changes between the two bottles, as well as the differences in the maximum stress and displacement. By observing the results of this analysis, we hope to make a determination on how the strength of the bottle has been affected by the changes of shape and use of less material by the new design.
Figure 1: Kirkland Bottle





Figure 2:  Nestle Bottle








