Nestle Bottle
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To accurately model the Nestle bottle, the first necessary step was to obtain accurate dimensions of the existing bottle. This bottle was much more complicated than the Kirkland bottle for many reasons. Many of the features were not simply a step-and-repeat function, and so each piece of the bottle had to be modeled separately. Also, the “ergonomic” features of the bottle required some creative measurement techniques, because the features themselves lie on a surface of the bottle that is not a simple “revolved surface”. That is, the surface does not have a definite diameter, but instead the 3 “ergonomic surfaces” formed a triangle around the bottle. Through a long session of precise measuring and dissection of the bottle, we were able to obtain a layout of the bottle that we felt was satisfactory. Our tolerance for all surface features, including the most complex curves, was about +/- 2mm. See figure 12 for detailed drawings of the bottle measurements.

[image: image2.jpg]% nestle - Rhinoceros (Educational Lab License)

PEH=2%x>508B000@ Tas5;




Figure 12: Detailed measurements of Nestle Bottle
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A decision was made early on that we would integrate the program Rhinoceros into our modeling repertoire. This was because we felt that the Nestle bottle would be too complicated to model in the dimension-driven solid-modeling program SolidWorks. The simplicity of modeling that “revolved” surfaces in Rhino was similar to SolidWorks. However, the distinct advantage that Rhino holds over SolidWorks is its surface modeling tools. Because of Rhino’s non-uniform rational B-splines (NURBS) platform, lines are represented mathematically as Bezier curves, and surfaces as Bezier surfaces. Rhino gives users the ability to manipulate individual control points of any line or surface. As we were very familiar with the nature of these curves and surfaces, we were able to model a very accurate representation of the Nestle bottle.
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As many of our surfaces are represented by a set of guide curves, it was important to maintain tangency between adjacent surfaces. Experience in Engineering Design I told us that, in order to maintain endpoint tangency, the two control points closest to the endpoint must lie on the tangent line. This can be seen in Figure X. This was similar for the Bezier surfaces we were creating. For example, when “flattening” our “ergonomic surface” from a simple revolved shape, we simply needed to manipulate various control points on the surface to within our defined dimensions. This process is represented in Figure Y, with the highlighted control points being the ones to manipulate, while leaving the control points that defined tangency conditions at their set locations. This application of knowledge served to benefit us greatly when working with more complicated geometry.
After designing our basic bottle shape, the additional features were obtained by “cutting and offsetting” the main surfaces (Figure Z), giving the bottle its distinct “ridged” shape. We then patched each of the surfaces using some of Rhino’s more advanced surface tools, and created appropriate fillet geometry. The result was a uniform surface that could then be shelled for use in our solid body analysis.
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Importing the model into SolidWorks proved to be quite a challenge. Two options existed for the import: porting the Rhino surface directly into SolidWorks (Importing a Rhino file is supported by SolidWorks), or saving the Rhino model as an .iges file and opening it in SolidWorks. Initially, we attempted using the .iges file format. When opened in SolidWorks, it turns the surface into a soild. Using the shell tool, we made the solid into a thin walled bottle. However, we ran into problems when meshing the bottle for analysis. Some of the ridges in our complex features had gaps between faces to the complex intersection of some curves, as well as the curves overlapping. These gaps resulted in a failed mesh. A possible reason for the existence of the gaps may because of a disparity in the tolerances used in SolidWorks and Rhino. The tolerances in Rhino were not as tight, and converting the file from a Rhino model to an .iges, and subsequently saving as a SolidWorks part may be why gaps existed in the faces. We tried several methods of repair in SolidWorks, but they did not work.

Since we could not properly mesh the bottle from the .iges import, we used SolidWork’s capability to import a Rhino 3D model file (.3dm). This worked well, and our Rhino model appeard as a surface in SolidWorks. Then, adding a COSMOS shell element to represent the thickness of the bottle, we were able to mesh the bottle without any problems.
Figure X: Bezier curves





Figure Y: manipulating control points on a Bezier surface





Figure Z: editing surfaces using curves projected onto surface








