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Running head: Self-Correcting Train Wheels, and Their Desire to Stay on Track. 

Project two on page 144. 
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Figure 1.
Self-Correcting Train Wheels, and Their Desire to Stay on Track
(Styrofoam cups riding on two meter sticks) 
Nicholas Stout
Abstract

Two Styrofoam cups taped together at the opening will self –correct. This is possible because of the tangential speed of the cups. The cups want to stay centered and keep on track. However, when the cups are taped at the bottom, which is the narrower ends, the cups self-destruct. Thus, they derail. The 2 cups with the greater radius on the outside wants to pull each other off the track.  
Self-Correcting Train Wheels, and Their Desire to Stay on Track
Why do trains stay on their tracks? A train can go forward and backward, but there are no steering controls. There is indeed a reason a train will follow the tracks that are arranged before it. Strangely, the trains desire to stay on track lies not in the design of the train itself, but the wheels that the train rolls on. Furthermore, if you turned the wheels so the lager diameter of the wheel is on the outside, it will self-destruct. To understand the epic design of the train wheel, you can setup an easy experiment. (Project 2, page 144) 
Tangential speed of a cone is the reason for a train’s willingness to follow tracks around a turn. The idea is a little mind stretching. First, consider two kids on a marry-go-round; one kid standing just out of center, and the second child on the very edge of the marry-go-round. The two kids are traveling at two different rates based on a tangent point of the circle. The farther away from the center axis the faster you travel. The kid on the outside is traveling more distance than the kid just off center, but in the same amount of time.  Now, consider the idea in three-dimensions and that is why a train is self-correcting and follows tracks around a turn. 
Train Track Mock-up 

On my drafting table (1 meter x 60mm) I placed three strips of tape parallel to each other. The first distance between the meter sticks are 12mm. The second tape strip are placed 22mm apart. Make sure the table is at fifteen degrees with a down slop, in order to guaranty forward motion. Next, I placed a meter stick on both sides of the tape. 


After the sticks are placed parallel, you will need four Styrofoam cups, and some scotch tape. Tape two cups together at their openings, the wide ends. This is to represent the train’s actual axles as they are used in real life. For the second part, tape the other two cups at their bases, the narrower ends. This is the test of tangential speed and the effects it has on the opposing side. Now, you have two axles that will ride on the meter sticks. One represents a train axle and explains why trains follow the track around a turn. The other is proof that the opposing sides do not agree on center and self-destruct.
Tangential Speed at Work
Start at the top of the track and let go of the cups at a slight angle. The two cups that represent actual train wheels self-center and ride like a dream. As the cups pass center they start to return back to center, thus they are self-correcting. I noticed as the wider diameter starts to ride up on the track; the more it wanted to get in front of the smaller diameter part of the wheel. The speed of the bigger diameter part of the cup wants to outrun the smaller diameter. Because the cups are attached to each other, the bigger diameter turns the cups toward the center. The train wheel Styrofoam cups keep this motion up until they are centered. 
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The second set of cups is rather frustrating. After twenty plus runs on the meter sticks, I can say that they do not get along in this orientation. When the cups stayed on the track they wanted to ride against the lip on the cup. Most of the time they would begin to roll left or right of center and stay on that path, until it fell off. Cups taped together at the bottoms, self-destruct as seen in figure 2. Notice, the cups are on a path to the right and they remained on that path, never self-correcting. I noticed that the cups would drag along their lips on one side or the other; if the lips where not there, it would fall off the track in the direction they are traveling.
Figure 2.  

As a side experiment I wanted to see if the distance the tracks are placed apart from each other effect the way that the self-correcting wheels react. I placed the meter sticks 22mm apart and reenacted the demonstration. The distance has very little to do with the way the Styrofoam cups react. However, I noticed that the centering was much smoother the farther the tracks were placed apart. This is because the farther from center the smaller the adjustments need to be to self-correct.   

Conclusion   

Why does a train stay on track? A train follows tracks because the wheels are designed to keep the train in the center of the tracks. Ultimately, the wheels are tapered allowing the train to turn and self-center on the track. Tangential speed varies based on the location from center. The wider diameter covers more distance in the same time; therefore, the wider diameter wants to push its way in front of the smaller diameter. The self-correcting cups work together to remain center. The bigger diameter part of the wheel forces the opposite wheel to retreat, until they are equal. When equilibrium is reached the train will stop moving side-to-side. 
Figure Captions

Figure 1. Two meter sticks placed 24mm apart. The Styrofoam cups strive to remain centered. This is much like a train riding on its track. The tangential speed of the wider part of the wheel is greater than that of the outside narrower part of the wheel. 
Figure 2. Two Styrofoam cups taped together at their bases. Notice, the cups are on a path to the right and they remained on that path, never self-correcting.

