Problem Statement and Motivations

For our CAD/CAE project, we decided to create two models of water bottles and subject the models to a pressure load.  The results of these pressure analyses would be compared to see where stress concentrations occur within the bottles.  The first model, a simple bottle, would be done completely in SolidWorks.  The second, a bottle with a more complicated surface, would be created in Rhino and imported into SolidWorks.  Starting with SolidWorks 2007, Rhino file types are natively supported by SolidWorks.  The CAD projects and assignments that we have worked on in class have all been feature-oriented solids.  Other than a discussion of Bézier surfaces, there has been no mention of surface modeling.  Surface models have traditionally fallen in the domain of design, not engineering, but as the modeling and testing processes become more closely interlinked, we feel that it is good practice to be familiar with surface modeling, as well as solid modeling techniques and software.  Using Rhino, one of the more advanced free-form modeling programs, along with the CosmosWorks extensions of SolidWorks, would allow us to quickly create and test a model.  We would gain surface-modeling experience and also be able to try out the process of importing a surface created in a different program into SolidWorks.

The New Bottle
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Figure 1 – Nestlé promotional material for new bottle.


In August of 2007, Nestlé Waters announced a major redesign of their bottle shape.  The new ‘eco-shape’ bottle uses 30% less plastic than the average half-liter water bottle, a smaller label, and the dyes have been removed from the cap to make it more recyclable. Nestlé estimates that it will save 65 million pounds of plastic per year by switching to the new bottle shape in all of the 15 bottled water companies in the Nestlé Waters family.


What interested us was not the environmental aspects of the new bottle, but the changes to the bottle’s surface geometry.  The new bottle is not a simple revolved shape – it has a circular cross-section at the top of the body, but it bows inward in the center.  Moving towards the lower section, it develops a cross-section that is almost triangular.
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Figure 2 – Picture of Nestlé bottle.


The three triangular faces towards the bottom of the bottle contain a number of smaller features.  There are a three smoothed areas connecting the triangular faces.  These features would make this bottle very difficult to create using the traditional solid and feature-based methods that we have done so far.

The Old Bottle
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Figure 3 – Kirkland brand water bottle.


In comparison, a more traditional bottle, such as the one shown in Figure 3, does not have as much complicated geometry.  The entire body of the water bottle is axisymmetric and can be created with a single revolved sketch.  This style of bottle has remained without a major redesign until the Nestlé bottle was released.

Modeling Overview


To model the bottles, we used SolidWorks and Rhino.  SolidWorks was used for the Kirkland bottle because of its simple shape.  The Nestlé bottle is more complex.  Rhino was used to model its features.
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Figure 4 – Bottle base.


The bases of both bottles are almost identical.  Similarly, the features at the top that support the caps are identical.  Because we are interested in the differences between the two bottles under pressure, not a detailed analysis of each bottle individually, the bottoms and tops were not fully modeled.

