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Lab #2:  Dissect a Toy Car
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Equipment Needed:

Schylling Toy Cars with Flywheels

Philips Screw drivers (small)
Introduction:

In this lab you will dissect a child’s toy car with a flywheel.  These common toys allow the child to “rev up” and energize the car so that the car when put down will go on its own or even climb an incline.  Energy is stored in the car because of the flywheel - a massive, metal disk that has inertia.  Once this metal disk is moving it tends to continue to rotate and as a result it releases its kinetic energy over time by driving the wheels of the car.  The entire process works as follows:  The child moves the wheels and the wheels in turn drive the flywheel and give it kinetic energy, then once the car is set down, the energy flows from the flywheel to the wheels.

The kinetic energy stored in the flywheel is similar to ½ mv2, however the actual equation is different because the flywheel rotates instead of moves in a straight line.  The equation is ½ I 2.  I is the rotational inertia (think if this as the flywheel’s mass) andis the speed of rotation (think of this as the speed of the flywheel).

Since  is the term that is squared, then it is very important that speed of the disk be high if you want to store a lot of energy in a toy car.  The mass is important too, but obtaining speed is the key factor for storing kinetic energy in a flywheel.  

Another consideration is if the flywheel is too massive it becomes hard to turn and energize and the forces on the gears become too high for inexpensive plastic parts.  So as you increase and improve the flywheel’s energy storage capabilities by increasing the flywheels mass you degrade another aspect of the car’s performance.

Creating a toy car involves understanding both the limitations of your parts and the design trade-offs.

Before you do the dissection, play with the toy car.  Experiment with it.  What else does the car do besides move across the floor?

Dissection:

Using a small Philips screwdriver, remove some of the visible screws.  Your objective is to remove the outer body and extract an intact and operable gear box with the flywheel.  Be careful to not pry too hard when removing the car’s body, as the parts aren’t that tough and can break.  Ask for help if you aren’t sure how to remove the body parts.

Once you see the gear box you are done with disassembly.  Do not take the gear box apart because you are interested in seeing how it works.
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Toy Car Questions:

1. Look at the gear box.  Mark the flywheel with a pencil.  While you slowly turn the wheels one rotation count the number of times the flywheel rotates.  This represents the torque reduction from the wheels to the flywheel.  

Record the Torque Reduction: ________________________________

2. Next sketch the gear box.  This sketch will allow you to approximately verify the torque reduction you found in #1.  You can sketch all the gears and estimate the number of teeth per gear.  Or you can sketch the gears and estimate the diameter of each gear.  

 (diameter) = perimeter expressed in terms of  # of teeth
(#teeth on gear1 / #teeth on gear2)  = (gear1 diameter / gear2 diameter)
You should see two gears on the middle axle; a small one and a large one.   You do not need to draw every tooth on the gears.   See the book for examples.

There are two possible ways to draw the gear train.  Either draw it as if you are looking straight down on it, or you can draw it as a perspective and add a 

3-D affect to your sketch.  Ask for help with this if you are having troubles.

You can complete this picture below by adding the gears:
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  #1


#2

 #3

Indicate the approximate speeds of axles #2 and #3 relative to axle #1.

3. How thick is the flywheel?  You can answer this question by stating how many washers of about the same diameter would be roughly equivalent to this flywheel.  

Flywheel equivalent to about ____________steel washers.

What is the purpose of the flywheel?

4. Now play with the gear box and examine how the gears are kept in place.  What keeps the gears enmeshed?  

5. How is friction (rubbing) minimized in the design?  Consider how the axles are held in place.  What is a bearing?  Look this up on the Internet for some explanations.

6. What other mechanical parts do you see inside the car other than the flywheel and gears?  What is a cam?  Are there any cams inside the toy car?  What is the purpose of the cam(s) in the toy car?  (Please be as clear and specific as possible.)

7.  Explain how these other parts works.  Feel free to make a sketch.

8. What if you were to double the gear reduction for the toy car by adding more gears and another axle, or by changing the size of the existing gears?  Show with a sketch how you might redesign the gear box to double the gear reduction.

9. Suppose you built the gear box you designed in step 8.  What will be the pros and cons of this redesign from the standpoint of the user (the child)?

10. Do you think mechanical dissection is a good way to learn about mechanics?

Extra Credit:

11. What component in your own car is most similar to the toy’s flywheel?  Explain.

Wheel





Flywheel
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