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Introduction

	Between the second and third stories of Rose-Hulman’s Moench Hall there is a staircase with a very unique handrail. It is the only one that forms a semi-circuit. Our goal was to construct a rail runner capable of traversing the entire length of the rail within ten minutes. It was an open-ended task that gave a lot of room for brainstorming and a plethora of design ideas. Numerous designs were tested, including a motor with a high rpm, gear ratios, a counterweight calculation, and a Styrofoam wheel. A final design was constructed to overcome these obstacles and produce a rail runner that is able to complete the course without falling off turns or sliding down the rail’s inclines.

Method

	Initially, we examined the rail and gathered several supplies we thought would be beneficial for the construction of our rail runner. These included the rail, gears, wheels, motors and scrap metal. We began by making a template of the rail out of cardstock and fabricating four Styrofoam spindles, fit to the template. We then moved on to attempting to get the wheel to turn. We were able to fabricate an axel that could be secured to the shaft of a drill motor. 
Principles of physics needed to be applied to this project. One such principle was the principle of moments, which states that the sum of clockwise moments is equal to the sum of counterclockwise moments when in equilibrium. We also had to take into account the object’s center of mass and sometimes it was helpful to think of the counterweight as a pendulum. Some electrical physics was key in our concept. Circuits played a huge part in our final invention. 
	Before brainstorming, we examined the rail and discovered that it was supported by square blocks that attached to the right hand and half of the bottom of the rail. These were attached to metal poles, leaving little room between the wheel and the side supports. After taking all of this into account, we decided that a one wheel system would be best. After the basic design was decided upon, we turned to the balancing problems. 
The first motor we picked was a drill motor. It was long and heavy, and it stuck out significantly from the rail. Therefore, the center of mass threw the system out of equilibrium, and the rail runner would fall. Not only did the drill motor create balance problems, but also speed problems. The drill motor had high rpm and low torque which caused the rail runner to slip on the rail without moving forward. However, to fix both the rpm and balancing problems, a gear motor was obtained and replaced the drill motor. The gear motor had a much lower rpm and a greater torque. In fact, as opposed to the drill motor, which could be stopped with simple pressure from our hands, the gear motor was unstoppable. Also, it was much flatter and able to be stationed closer to the rail so that the device was much less off balance than it had been with the drill motor. While the gear motor was very slow, the fact that it solved so many other problems made it the greater of the two motors. Therefore, the gear motor became the basis for our new designs.
	After testing the motor and wheel several times, the Styrofoam wheel began to break. We then started brainstorm new ideas to fabricate a more durable wheel. First, we measured the diameter of the Styrofoam wheels at several points along the concave curve. Next, we decided to make two wheels, in order to test the durability of wood and acrylic. Circles of acrylic were stuck together to form the acrylic wheel, and a cylinder was cut from a block of wood. Then, curves were cut into the wheels so that they would fit the arc of the railing. The wooden wheel was lighter and did not fit the curve of the rail as well as the acrylic one did. Also, we decided that the weight of the acrylic wheel could help balance the rail runner. After we were sure of the material, we covered the acrylic wheel with foam so that it would be able to grip the rail and move up and down the inclines without slippage. 
	However, even with the heavier wheel and more centered motor, the rail runner was not balanced. In order to make the vehicle stay on the wheel, we decided to create a counterweight. We constructed a counterweight support from a simple aluminum rod bent at a 90 degree angle at the end so that it created a hanging arm that would suspend from the gear motor. Weights could be added to this arm to help counteract the weight of the motor. A trial using one battery and a large block counterweight stationed on the arm set the precedent of success and made it possible for us to determine how much counterweight was necessary. We measured the weight of the single battery and the metal block so that we could replicate this weight after experimenting with improvements to make the vehicle faster.
	While the rail runner was now a success, it was quite slow. In order to speed it up, we experimented with different types of battery packs, but none of them yielded better results. Instead of different batteries, we then decided to try two batteries, since we were confident that an increase in voltage would increase the speed of the motor. However, we first hooked the two batteries together in a parallel circuit, and that change did not make a noticeable difference. Then we hooked the batteries in a series circuit, and the motor’s rpm almost doubled. We then were also able to substitute the additional battery in place of some of the counterweight. We subtracted the weight of one battery from the previous working weight, and made smaller counterweights so that there was the same amount of counterweight as previously. With these changes, the rail runner was able to move much faster.
	In the end, the design for our rail runner was very simplistic. It consisted of the acrylic wheel, covered in foam, which we attached to the gear motor. We also taped the aluminum arm with the counterweights to the gear motor. A diagram of this final design can be found in figure 1. The diagram illustrates the mechanical components of our rail runner, including the unique curved wheel and the acrylic disks that were fit over the gear and then glued to the wheel, in order to connect the wheel to the motor. It also depicts the motor, the aluminum rod that allowed for a lowered center of mass, and the vehicle’s energy sources and counterweights. Overall, the design for the rail runner was simple and efficient, and it lacked many parts that could cause problems and breakage, like gears, so it a durable and effective, design. 
 (
Figure 1 – Labeled Schematic of Final Rail Runner
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Results

After experimenting with many versions of our proposed rail runner, final decisions were made pertaining to the components of the final product. A single low voltage battery gave the rail runner the slowest pace which was three minutes and twenty-six seconds. A single high voltage battery cut sixteen seconds off the original time leaving the time taken for the rail runner to run its course at three minutes and ten seconds. The final product consisted of two high voltage batteries connected in a series circuit which gave the rail runner a time of one minute and twenty-four seconds.
However, on the way to getting our final results, we had to experiment with many motors and ways to balance the rail runner. The first motor our group obtained had 8,177 rpm, which was too high a figure for our proposed model. The gear motor that we obtained had a much lower rpm of 59 when operated on a single high voltage battery. When testing this motor in the parallel circuit, we discovered that two batteries resulted in the same amount of revolutions per minute.  This presented us with a problem because we needed our rail runner to perform at a faster rate. The two high voltage batteries were then connected in a series circuit which made the gear motor obtain a speed of 113 rpm. 
Next, we experimented with counterweights which were to assist the rail runner on its trip up the rail.  With our previous tests it was found that a large metal block made of a dense metal weighing 950g and a single high voltage battery weighing 320g effectively counterbalanced the weight of the motor on the left of the rail runner. This gave a sum of 1270g needed as a minimum requirement for balance. A second high voltage battery was added to increase the speed of the rail runner. With this change, the rail runner was able to complete the circuit with an average time of one minute and twenty-five seconds. In an attempt to make the device as light as possible, all extra weight was removed, and we used batteries as the sole counterweights. This was not a complete failure, as the rail runner was able to traverse the rails in a straight line but failed to make turns of any sort. A light cylinder aluminum weight was added, but did not make a significant difference from having no weight because the device still derailed at the turn.
 Calculations were then done to obtain the ideal weight of the counterweight. The previous calculation of 1270g was used as a guide to calculate the weight needed to be added to the two battery system in order for it the achieve balance. The necessary weight turned out to be 630g, which was obtained by using 19.9 inches of a steel rod. Using this assortment of weights, the rail runner achieved a time of one minute and twenty-eight seconds, which was slower, but the rail runner was steadier and had better control on the rail. However, we realized that the batteries we were using were not fully charged and some efficiency was lost. When the rail runner was tested with two fully charged high voltage batteries, the device completed the track in a record time of one minute and twenty-four seconds. 

Recommendations

Precautions were necessary in this project. In addition to safety precautions which involved the wearing of protective gear at all times in the labs, the design process was a very rigorous one, and all steps taken had to be thoroughly thought through. This project had very few limitations, a major one being the time given to complete the project and the time limit given for the invention to complete the track it was given. After testing many models, we overcame these limitations, finishing the project in the given two week period as well as designing a device that completed the track in well under ten minutes. In our experience during this two week period at Operation Catapult, we have devised recommendations for future experimenters whom wish the attempt to construct a rail runner. We advise all experimenters to think thoroughly and use all resources available. We also would like to tell future experimenters to look in unconventional places and communicate with the community which consists of people who are willing and experienced and always look forward to assisting anyone who approaches them. 
 
Conclusion

In conclusion, a fully operating model was made that successfully traversed the rail. This was done by experimenting with many different components and many encounters with trial and error. The final design consisted of a foam-wrapped acrylic wheel attached to a gear motor with counterweights hanging on a “L- shaped” piece of aluminum focusing weight to counterbalance the weight of the motor. The final recorded time was one minute and twenty-four seconds.
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