Thank you for accepting the submission of team 12401A for the Make It Real CAD Engineering Challenge Sponsored by Autodesk.  My name is Connor Alfonso and I am a fifth grader at Pinecrest Elementary School in Miami, Florida. I would like to tell you about the controlled passive motion beam.  We have made the beam in two sizes: three hole and five hole. (Attachment 2 and 3.) 
Before I tell you about it, I want to tell you about some of the other ideas that my team discussed before arriving at the controlled passive motion beam.  We discussed that having a compass or GPS would be really neat. This may be useful in competitions, but would also allow VEX robots to interact in the real world.  This would also probably grow the VEX brand among hobbyists. However, we quickly came to the conclusion that this was beyond our abilities. Next we admired last year's winners from Sao Paolo who made an articulated dual axis robot joint.  We thought we might be able to make a similar part for VEX IQ. We came to the conclusion that this was not our idea and not original since the team from Brazil had already created the part. We started thinking about problems that our robot, the Elevator, encountered.
Two problems came to mind.  The first was that when the robot moved towards the elevated yellow hub, the two guide beams at the base of the robot would often get hit and knocked off.  Those two floor guide beams allowed for keeping the non-elevated collected hubs organized in a predictable manner while driving around. A solution was to have the floor guide beams be able to move laterally within a range so that they could move out of the way of the yellow hub stand but still be available to guide floor hubs for collection.  (Attachment 4.) The second problem is that the rigid standoffs that hold the floor hubs in place would sometimes cause the hubs to flip over as the rigid standoffs descended to capture the hubs. (Attachment 5.) The standoffs are present so that when the robot turns or goes backwards the hubs don’t fall out of the collection area. Here again a solution would be having a piece that allows some lateral movement within a range to accommodate a less than perfect capture of a hub.  Our solution was the controlled passive motion beam.(Attachment 5.)
Often times when designing a VEX IQ robot, our team would want to be able to do another task.  We would run up against the restriction that we could only have six motors. We understand that this rule forces all the teams to come up with innovative engineering designs.  One way to make your robot be more responsive in the field is to make some actions passive, or not directed by motors. The controlled passive motion beam is a beam attached to an open arc.  The center hole is meant for attaching a second beam by a connector. In the connected beam a 0x2 idler pin can be placed in the second hole. This idler pin can then move smoothly across the open arc. (Attachment 6.)  One can control the range of the arc by placing a thin sheet attaching pin to the arc and block the motion of the moving beam. The moving beam can be blocked so that the beam can only move in a restricted range. (Attachment 7.)  This is why the piece is called a controlled passive motion beam. So the controlled passive motion beam improves the functionality of our robot, or any robot, by increasing the ability to interact with the field and its components without the need for more motors.
Part of this submission is explaining what we learned.  A short summary would be-  'a lot.' Before this project, I had never used TinkerCAD or a 3D printer to solve engineering problems.  We were able to get TinkerCAD online. I could not find a version number online, but it was the version available on December 29, 2018.  After a little while, I got the hang of using it. I downloaded the STEP files from the VEX IQ website. Next there is a free program on makexyz.com that can convert STEP files to .stl files.  I converted the three and five beam step files to .stl files so I could put those parts in my design. (Attachment 8.) This would allow that the piece would fit on the robot. I then placed two tubes onto the work field.  I made these two tubes the inner and outer circles. The space between the tubes was where the idle pin would range. (Attachment 9.) These tubes were made the height of the beams. Lastly I used a “hole” piece the shape of a rectangle to cut off the not needed halves of the circles. (Attachment 10.)  Then I printed it. 
I have been to a number of tours for middle schools.  Often times during the initial introduction for the school, the principal will say that we don’t know exactly what future jobs will look like.  The principal will also say that the job of educators today is to give their students the tools they need for whatever the future will hold.  I have no doubt that not only will 3D design help me with robotics in the present, but that learning how to use 3D design software will be a necessary tool for jobs in the future.  I think this is even more likely to be the case since I want to go into engineering. 3D design software will help me come up with ideas and work out details before using up materials.
Thank you for considering the controlled passive motion beam for this year’s AutoDesk challenge.
Attachment 1 is .stl file for the controlled passive motion three-hole beam
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