Elliptical Cone Development Pattern Construction

[bookmark: _GoBack]This write up describes a route for making a 2D-pattern, the “development”, for a truncated 3D-elliptical cone without using 3D-drawing software. Before the time of computers, sheet metal workers solved such problems graphically. Here, a calculation route is used.

The pattern will be obtained for ¼ of the ellipse. By symmetry, that will be copied and stitched to make a final full ellipse pattern

Outline
Start with an elliptical cone and its top view of the base perimeter. See Figure 1. We need a series of lengths from cone apex to base, Ri, and the associated angles, φi, measured from an initial R(1). These are found by

(a) first finding the { θi, r(θi)} points on the perimeter of the top view of the ellipse base; then 

(b) calculating the chords, C(θi), between r(θi) points for θ=0 and θ= θi. 

(c) Next find the R(θi) using Pythagorean theorem with the apex height, h, and the r(θi). 

(d) 	Finally the φi are found using the Law of Cosines with known   values for R(0), R(θi), and the chords, C(θi).

A polar plot of the points { φi, R(θi)} with a smooth joining of points is the desired 2D development for the elliptical cone. Truncation is achieved by scaling to smaller size and differencing from the larger size pattern.


Calculation
Start by generating a series of θi, e.g. 0 to 90 in steps of 5  degrees, making a total of 19 values. Calculate using Equation  (1) for the 2D ellipse at the base of the cone:
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where   [image: ]  is shown using a ratio of 2 for semi-major axis a to semi-minor axis b. 

Chords are calculated using Equation (2):R(i)
R(1)
φ
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R(θi)  values are found using Equation (3):
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The φi angles are found again using the Law of Cosines, Equation (4):
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Figure 2 shows the Polar Plot for points {φi, R(θi)}:
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Joining points with a smooth curve gives Figure 3:
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										      Fig. 3



This represents the 2D-developed pattern for ¼ of the elliptical cone. Duplicating  and joining along  OA and then duplicating and joining again yields Figure 4:
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          Fig. 4



                                                                                                           


Duplicating Figure 3 but joining along OB and then duplicating and joining again yields Figure 5, an alternate way of joining.
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To obtain the 3D-ellipse, the developed pattern must be joined at either A-A’ or B-B’. Some flexible medium, e.g. card stock or sheet metal etc., has to be used for this final step. This completes the description of generating the 2D-developed pattern perimeter for an elliptical cone.

To make the developed pattern for a truncated elliptical cone, copy and scale the developed pattern to the desired size. Difference this from the full cone developed pattern to obtain the truncated elliptical cone pattern.

To make a plate using 1/8 inch thick plywood, flex lines need to be cut. Design for this starts at the ¼ developed pattern.  One way to do this is to scale the developed arc AB so that it cuts the straight lines in half, making a median arc. This is the Path along which flex-cut lines are placed using Inkscape => Extension => Generate from Path => Pattern Along Path. Rather than use the Living Hinge Extension to generate the flex cut lines, an alternate is to define a unit cell of cut lines and place that on the desired Path with the Extension noted above. Example of a unit cell flex cut pattern is shown at right:
[image: ]
Note the single node at the lower right corner that defines the end of the unit cell. After putting the pattern along path, these single nodes are edited out.

Extensive node editing is required to obtain reasonable spacing and non-overlapping cut lines for the developed elliptical cone pattern.
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