Plant Element Function Writing Guide
· Most plant element functions will need two separate functions to draw the element. One function should include the capability to subtract from other layers, and the other should just draw the element on its own.

· When determining the arguments for functions, use the absolute minimum number of arguments needed to define the object’s dimensions fully. All functions should take a vector of two or three angles (depending on how many are needed to fully define the orientation of the object,) that give rotations along the orthogonal axes. Plant elements that subtract from other layers must also take a vector containing the layer names to subtract from.
· Note that the first rotation should always be along the z-axis, the second rotation along the y-axis, and the last (if needed) should be along the x-axis. Knowing this, you should be able to pick a smart default orientation. It is probably easiest to put the object’s plane of symmetry (if any) in the xy-plane. Also, you do not want to orient the object such that its axis of symmetry (if any) occurs along the z-axis.
· When you are choosing an origin point to define an object, pick a point that you would most often want to line up with something else. For example, if you are drawing a pipe fitting, you most likely want to line up the inner side of a socket with a pipe. In this case, the center of the inner side of the socket would be your origin.

Drawing the Plant Element Without Subtraction

1) Zoom to the appropriate window.
· You only need to zoom if you are performing any type of subtraction.

2) Draw the composite shape.

·  If you need to subtract, it is probably easier to use subtract functions that use points as arguments rather than subtract functions that use group names. This should not be hard since no rotation has occurred yet.

· Make sure that the default orientation is one that is easy to rotate about. Elements that require two angles to define its orientation will rotate along the z-axis first, and then the y-axis. If the element requires three angles, it will rotate along the z-, y-, and then x-axis. This means you do not want your axis of symmetry to be along the first axis you rotate. Also, it is easiest to set the objects plane of symmetry in the xy-plane. Stay in top view when drawing the element to reduce errors that might spring up higher in the code.

· Chose a practical origin point. The origin point should be the point that you will most likely want to line up with something else. This will usually be on the inside of a socket.

3) Union the parts of the object. 

· Do not use any “union all” type of function, because you do not want to union the object with previous iterations within the same layer. Union by selecting points on the objects you want to union.

4) Use the Rotate3DLast function to rotate the object along its origin point. 

· It is important to rotate about the origin point so that is it not translated during rotations, minimizing the number of geometric calculations the user has to do.

· Do not use “rotate all” type functions, because previous iterations within the same layer will rotate too. Make sure you are rotating along the z-axis first, then y-axis, then x-axis if necessary.

5) AutoCAD cannot handle rotations of zero degrees. Stack only the rotations that are nonzero. Return the final stacked variable.

Drawing the Plant Element With Subtraction

1) Zoom to the appropriate window.

· You only need to zoom if you are performing any type of subtraction within the object itself.  Subtraction from other layers is irrelevant.

2) Draw the solid shape of the object (the shape that is to be subtracted out of other layers).

· Make sure that the default orientation is one that is easy to rotate about. Elements that require two angles to define its orientation will rotate along the z-axis first, and then the y-axis. If the element requires three angles, it will rotate along the z-, y-, and then x-axis. This means you do not want your axis of symmetry to be along the first axis you rotate. Also, it is easiest to set the objects plane of symmetry in the xy-plane. Stay in top view when drawing the element to reduce errors that might spring up higher in the code.

· Chose a practical origin point. The origin point should be the point that you will most likely want to line up with something else. This will usually be on the inside of a socket.

3) Union the parts of the shape. 

· Do not use any “union all” type of function, because you do not want to union the object with previous iterations within the same layer. Union by selecting points on the objects you want to union.

4) Use the Rotate3DLast function to rotate the object along its origin point. 

· It is important to rotate about the origin point so that is it not translated during rotations, minimizing the number of geometric calculations the user has to do.

· Do not use “rotate all” type functions, because previous iterations within the same layer will rotate too. Make sure you are rotating along the z-axis first, then y-axis, then x-axis if necessary.

5) AutoCAD cannot handle rotations of zero degrees. Stack only the rotations that are nonzero. 

6) Use the “GroupLast” function to group the last object you created as “DeleteMe.”

· Do not use any type of “group all” so that it is not grouped with previous iterations within the same layer.
7) Use the “SubtractF” function to delete the “DeleteMe” group from the given array of layers.

8) Draw the final composite object.

· If you need to subtract, it is probably easier to use subtract functions that use points as arguments rather than subtract functions that use group names. This should not be hard since no rotation has occurred yet.

· Use the same default orientation and origin point as the solid shape in step 2.

9) Union the parts of the shape. 

· Do not use any “union all” type of function, because you do not want to union the object with previous iterations within the same layer. Union by selecting points on the objects you want to union.

10) Rotate the final composite object using Rotate3DLast.

· Again, do not use “rotate all” functions so that previous iterations don’t rotate.

11) Stack all nonzero rotations and return the final variable.

