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Design Brief


The concept of this challenge is to plan, design, and construct a vehicle that, powered ONLY by  a mousetrap, makes the most of the mousetrap's energy to maximize travel distance. As well, an internal steering (self-steering) system must be included. The car must be able to travel at least 6 metres (3 tries are given), and should also, on the next run, be able to make a full 90 degree turn after travelling 3 metres (an additional 3 tries for this are given)

Investigation

IDEAS: The general concept of a mousetrap car is simple: the mousetrap arm is attached to an axle by tying a string to the arm and wrapping the other end around the axle. As the mousetrap arm forces back to its resting position, it pulls the string, which then spins the axle as it comes undone. In order to make it turn, there are many possibilities. However, it is definite that the axle must move somehow to make the wheel(s) turn. 

The following restrictions are important to consider during design:

Time: 3-4 75 minute periods for design, as well as 4-5 75 minute periods for construction, over an approximately 2 week period.  A few periods will also be be allotted to working on this report.

Materials: All of the materials, tools, and supplies required (with the exception of the wheels). The construction room will be available for the 4-5 in-class construction periods, during which the materials will be available as well as the machinery and tools to create a finished product. The final cost is likely $10-$20.

The materials available include (materials actually used are in bold):

- Several types of wood (pine, plywood, etc), a ready-to-go mousetrap, a copper rod to extend the mousetrap arm, wood rods for axles, string, and hinges.

Additionally, these were brought from home: 3 DVDs, pen/pencil axles, and strong string. 

Function: There are two main problems in this project that are to be solved. These are: 

1) How to make the car travel or “go” for  6 metres, and

2) How to make the car “turn” 90 degrees after 3 metres of travel.

The second problem, however, is the major issue to be resolved (will take the most thinking/designing). This is because the challenge is to create an INTERNAL steering system (capable of steering itself).

The vehicle may NOT be pushed at start, and may not be touched while in motion.

Appearance: The car should look somewhat aesthetically attractive. It should be recognized as a mousetrap car by other people, and for the most part, should be fair symmetrical.

Ergonomics: In terms of size, the car must not be larger than 24'' long by 8'' wide. However, the ideal size is likely somewhere in the middle, possibly 10'' by 4''. Again, symmetry is important to consider. The car should be set up so that it is very simple to start it.  The actual mousetrap may not physically modified, with the exception of drilling holes to attach it to the body. 3 or 4 wheels may be used. Additionally, the car should be as light as possible to help increase speed.

Construction: During the design process, it is important to keep in mind the actual construction phase. Although the design is custom-made, it must not exceed a certain level of complexity. This will increase the chance of successful construction/results.

Research

· Large wheels at the back and small wheels at the front are most efficient at transferring the mousetrap's energy into wheel-motion.

· Wheel traction is greatly increased by covering them with a tire-like material (balloon or elastic).

· It is important to minimize weight of the car.

· Three wheels may be better than four, as there is less weight and the car can still perform the same functions.

· The simpler, the better!

· In order to make the turn, use the idea of pivot points, in reference to the axles, given in class.

· “Keep it light!” - Mr. Young

Information Sources

- Mr. Young

- Parents

- Brother

- http://monsterguide.net/how-to-build-a-mouse-trap-car 

- http://www.mousetrap-cars.com/how_work.htm 

- http://www.docfizzix.com/ 

- Mousetrap Cars: The Secret To Success by Alden J. Balmer

Some Successful Cars!

Original Solution

(In order of construction)

Body: The main part of the vehicle will consist of two parallel, rectangular pieces of plywood connected by a thin plank (plywood), of which the mousetrap will sit on top of. The two pieces of pine wood will likely be 9.5''x1.0''x0.5'' (L x W x H). The plank between them will be 2.0''x3.0'' (L x W), and each side will rest 0.25'' far into each strip of wood, making the two strips 2.5'' apart (0.5'' of the plank will be on top of the strips, 0.25'' on each side). The front end of the plank is about 2.75'' from the front end of the body. These measurements may change slightly upon actual construction, depending on the availability of wood/dimensions. At the front of each strip, the top and bottom will slope down and up, respectively, for about 0.5'' to form a 1'' long point at each front (see technical drawings).

Wheels: The vehicle will have three wheels. Two of them will be at the back, on the outside of the two pieces of wood, and the third will be at the front, in the middle between the two pieces. All of the wheels will be made from DVDs, all the same size. However, in order to increase traction, they will be covered by a balloon, stretched around the outsides, covering the whole wheel (outside and surface). To be attached, they will be poked through the balloon material, and secured on with glue.

Axles: The axles of the vehicle are made using hollowed out (some are trimmed down in length) pens. The back axle is 6'' long, and the front is 3.5'' long (after being cut). They both run through the wooden strips, one at the front, and one at the back. At the back, the holes are a tiny bit larger than the axles, and go right through the wood. At the front, the holes are about twice the size of the axles (for “turn” system, described below), and come to an end about 0.5'' from the outside of the wood. The one at the back has two wheels attached on the outsides by poking the axle through the balloon material covering the holes in the middle of the DVDs. Glue and possibly other objects will also be applied to make sure the axle is stuck to the wheel tightly. The one at the front will be the same idea, but the axis will be trimmed so that it only goes half way into each strip of wood, and the wheel will sit in the middle, attached the same way as the back wheels. Note: All axles go through the wood in the middle.

Mousetrap “Go” Function: The mousetrap, sitting on top of the plank of wood, will be attached to the back axle by gluing one end of a piece of string to the arm, and then wrapping the other end around the axle.

“Turn” System: In order to turn, the front axle has to be able to turn, forcing the wheel in one direction. On one of the sides, the hole in the strip of wood will be about twice the size of the axle. Approximately 1.25'' from the back of the body, there will be another axle, the same size as the front axle. However, the holes for this axle will be 6'' along the body. This “moving” axle is connected via string to the mousetrap arm, the same as the back axle. As the “moving” axle spins just like the back one, it will instead move forward 6'' (this takes up the 3 metres).  When it reaches the end of its path, it will hit the “battering ram,” a 2.25'' piece of a pen (clipped onto the side so it can still move), that will move forward and hit the right side of the front axle. The left side of the axle stays in the same position, as the right side moves forward, turning the wheel left. On the run where the turn is not required, the “turn” system is disengaged by not attaching the moving pencil, the string that pulls it, or the pen that pushes the front axle.

*SEE DRAWING 1*

Final Solution

(In Order of Construction) 

Note: Only the changes to the original solution are shown here*

Body: Instead of plywood, pine wood will be used. This is because it has higher availability, and more desirable dimensions are available for use. Pine is also recommended by both the teacher and classmates. The plank that the mousetrap will sit 0.5'' far into the side of each body piece, making the two pieces of the body 1.75'' apart. Also, the plank will be 3.5'' from the front of the car, instead of 2.5''. This will allow for more room for the “moving” axle to... well, move forward!

Wheels: No changes necessary!

Axles: The front axle will be a pencil instead of a pen. This is so that the end of the pencil that goes in the right side can be sharpened, making it smaller and able to move forward more. Also, the front axle will be 3'' long, as the distance between the two body pieces has been shortened. In order to make the axles solidly stuck to the wheel, elastics will be wrapped around the axles where the wheels are going until there is enough to wedge the wheel on them tightly. Glue will then be applied to secure the wheels on.

Mousetrap “Go” Function: There will be a rod attached to the left side of the mousetrap arm, which extends it 5''.

“Turn System”: The moving axle will only be 2'', since the body width was shortened. Also, on the run where the turning system is not needed, it will be disengaged only by taking out the pen that pushes the front axle (since the moving axle is connected to the mousetrap with glue and string, it can't be taken out).

*SEE DRAWING 2*

Make It


The actual construction of the car went fairly well. A general order of construction was followed well to meet the time lines, and a product was prepared efficiently.

Test It


During testing, a few changes were needed, as several problems occurred.

· During the 6m run, the string began to fray quite a bit. It became very difficult to wrap around the axle, and had to be replaced with some stronger string supplied by the one and only... Daniel Watchorn.

· Also, it became clear the the moving axle would not move past the mousetrap, as the string could only pull it up to a position where the mousetrap rod was vertically standing. Therefore, the 6'' hole was a waste of cutting, as it only needed to be about 1''. Also, the battering ram part had to be extended greatly to reach from the moving axle to the front axle.

· During the 3m/turn run, the rod with the string hit the front wheel as it came forward and the wheel turned in to it, slowing the car greatly. The rod had to be bent away from he wheel to avoid this issue.

Evaluation/Conclusion

How did it do?


In terms of actually solving the problem, my car completed most of the tasks. It went forward for 6m on the very first run, and had no issues. This was very pleasing. However, on the 3m turn run, it had a few minor issues. It started by going the 3m, and turning exactly then. It began the turn, but as the “battering ram” came forward to hit the front axle and push it forward, it also stopped it! This allowed the car to start and make a lot of the turn, but not complete the entire 90 degrees.

What were other peoples opinions?


Dennis: “It looks very great, and I would certainly recommend it to a Ford dealership.”


Dan: “Well, it works relatively well. There are a few changes I would make but overall it is a 
[SUPERB?] design.”


Colin: “It's a supercalifragilisticexpialidocious car.”


Bobby: “Haha, well, it's good, I guess.”

How could it be improved?


There are a few minor changes that should be made to improve this vehicle. For one, the front wheel should have been smaller. This would have allowed the mousetrap to be further up, allowing the moving axle to move up more before hitting the “battering ram”. There was also a general flaw with the concept of the turning system. When the “battering” ram comes up to hit the front axle, it successfully pushes it forward and turns it. However, it also stops it! This is why it stopped shortly after starting the 90 degree turn. To improve upon this, a similar design should be made that allows the axle to work independently, without being directly pushed. This would allow it to keep on spinning, and complete the turn. Finally, the car could have been slightly lighter. This would allow it to not only travel even further, but also go at a higher velocity. Using the hot glue in smaller amounts may have done the job on this issue.

In the end...


In the end, I think that the mousetrap car challenge was a general success. Although there were a few issues, most were resolved during the testing phase. There were a few problems that could not be fixed in time for the challenge days, but I do have full solutions to these problems, that would make my next mousetrap car a complete success. I enjoyed this challenge and look forward to the next!

