Marshmallow Catapult Project

By:  Karen Robinson and Donnie Sullivan
Problem Statement:  

Our assignment was to design and build a catapult capable of launching one large marshmallow a distance of fifteen to fifty feet.  We were able to use any materials in the construction of this catapult.  The maximum length of the pivoting arm was to be eighteen inches from center of marshmallow surface to pivot point.

Preliminary Ideas:

We met and discussed the material we would use in the construction of the catapult.  We decided to use steel since it is heavy and durable.  (The biggest problem was perhaps pulling a steel arm with enough force!)  Our first idea was to use a U-shaped stop and one spring which would pass under the opening of the stop and attach to the front of the base.  We also discussed the possibility of tilting the stop toward the rear of the base to allow for more loft and greater distance.  We also decided at this time that we wanted the base to be about eight to ten inches long and about four to six inches wide.  We decided to make the arm between eight to ten inches in length.  

Refinement:

We decided after much thought and discussion to use a smaller, solid stop and to attach two springs, one on each side of the arm and to attach these to the base at the front.  We then thought some more and decided that we would achieve greater distance if we were to raise the point where the springs attached to the base.  We decided to attach two posts to the front of the base and to attach the springs to these posts at a height of about three inches.  We attached a dowel to the arm at about the same height so that the springs would be in alignment.  We also decided at this time to insert a screw in the stop to use for loft adjustment since we could not think of a way to tilt the stop without losing the strength of the stop itself.  We decided on an overall length of eight inches and an overall width of four inches.  We then decided that the arm should be about eight inches long so that we could attach a release mechanism to the base for safety.  We were going to use eye hooks with a dowel running through them; the idea being that we could pull the dowel and release the arm.  We decided against this idea as pulling the dowel might cause the base to pull to one side causing the marshmallow to go in a direction other than the one intended.  We decided to weld the arm to a dowel to give it more movement.  We then had to figure out a way to ensure that the arm didn’t separate from the base and decided that securing the dowel on both sides with plates was the best way to achieve this goal.   We also put set screws in the ends of these plates to ensure that the arm would not move from side to side and thus not be aligned with the stop.  

Analysis:

With the arm attached to the dowel and the dowel set into the base, the arm would not go flat down onto the base and we were going to lose a lot of power from the springs.  We also had the problem of the screw in the stop not being long enough to give us the desired loft.  Another problem we had was that with the dowel holding the springs to the arm being so far down on the arm we were not achieving the highest possible torque, or acceleration around the pivot.  We also needed a way to ensure that the marshmallow would remain on the arm until it hit the stop.  We also had the problem of the arm vibrating when it hit the stop causing us to lose a lot of the power desired.

Final Solution:    
We cut a groove in the base to allow the arm to go to a position closer to the base.  This seemed to solve this problem.  We attached a furniture caster to the end of the arm to hold in the marshmallow.  We also had to get a longer screw for the stop to achieve the desired loft, and since we found new springs with higher tension, we decided that we could neglect the vibration between the arm and the stop screw.  We added an additional dowel to the arm just below the caster to raise one of the springs to give the arm a little more power (we found it too difficult to pull the arm back with both springs attached to the top dowel, and we achieved a satiable throwing distance with only one attached at the top.)  We decided to fasten a threaded rod between the uprights at the front of the base; this way, the springs could not possibly detach from the rod, ensuring safety.  Two axle hat nuts were secured to the other ends of the springs on the end of the arm’s dowels.
