MTA Physics









[image: image10.wmf]
The Race without Haste
Rotational motion problems form the basis of many engineering decisions, especially those in which a motor that produces rotational motion must be used to move a vehicle along a flat surface (which is linear motion) or a conveyor belt at a specific linear velocity. A tire rolling along the surface of a road and a snowmobile laying down track are both excellent examples of rotational motion being translated into linear motion, because the linear distance that a vehicle travels (x) depends on the rotational distance that its motor travels (().  

As the title of this assignment implies, your team is going to design and build a vehicle that will travel down the hallway from a marked starting point to the “finish line” exactly 25 feet away in exactly 3 minutes. Your vehicle will need to move in a relatively straight line down the hall from the start line to the finish line to avoid colliding with a wall.  Each team of students will have an almost identical LEGO( kit to use to build your vehicle. You can only use parts from your kit to build your vehicle.
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This will be a one-at-a-time competition…a timed “race” in which the winner will probably not be the quickest vehicle across the finish line, but rather the vehicle that crosses the finish line closest to the 3-minute “delivery time” after the start of the race.

In order to figure out how to get to the finish line exactly on time, you’ll need to know the following things:

· the equation for the circumference of a circle,  C = 2(r 

· how fast your LEGO( motor rotates ((),  in revolutions per minute (rpm)

· how to figure gear ratios: For example, for the gear system shown below, the big, 24-tooth gear has twice as many teeth as the smaller 12-tooth gear. So every time the big gear goes around once, the little one goes around twice. That means the small gear is going twice as fast as the big gear, and anything attached to its axle is going twice as fast as well.


2
Sample Calculations for a Two-minute, 20-foot Trip

The example below might help you with your calculations. Let’s say you build a car with 3-inch diameter wheels and your motor runs at 2500 rpm. In order to make a 20-foot run in exactly two minutes, you’ll need to 

a) figure out the circumference of your wheel so that you can determine how many 

times it must go around to reach the finish line twenty feet away, 

b)   use a strobe or timing light to find out how  fast your motor is rotating, and

c) “gear down” the axles from the hypothetical 2500 rpm motor velocity so that it 

rotates the correct number of times to reach the finish line in two minutes. 

   Part a), Determining the number of revolutions in twenty feet. 

If your wheel’s diameter is 3 inches, you can figure out its circumference (the distance around its outer edge) by using the C = 2(r equation, where C is the circumference, ( is approximately 3.14, and r is the radius of the drive wheel. For our wheel, r = ½ of diameter, which is ½ of 3, or 1½ inches. So our equation C = 2(r should look like this-




C =  2 x 3.14 x 1½”




C =  9.42”

That means that every time the 3-inch-diameter wheel goes around once, the car moves ahead 9.42 inches. 

The next question we need to answer is “How many times must the wheel go around in order for the car to move 20 feet?” Twenty feet in inches, = 20 feet x 12 inches/foot = 240 inches. If our car travels 9.42 inches every time the wheel rotates, then dividing 240 inches by 9.42inches will tell us how many times the wheel needs to revolve to reach the finish:  240/9.42 = 25.5. Now we know that when the wheel revolves 25.5 times, it will have completed the 20-foot-long trip. 

   Part b) Determining the desired rpm of your vehicle’s drive wheel.

Based upon the circumference of your drive wheel and the required “delivery time” (in this case, two minutes after you release your vehicle), you will need to figure out the rotational velocity of your drive wheel that will get you to the finish line 20 feet away in exactly two minutes. Then, you’ll use a strobe light to determine the rotational velocity ( (in rpm) of your Lego( motor, compare that to your desired rpm, and make the necessary calculations to gear down your motor to that desired rpm. 

Now that you know (for our example) that our hypothetical 3-inch-diameter wheel will reach the finish line 20 feet away in exactly 25.5 revolutions, we need to calculate the number of revolutions per minute (rpm) our drive axle needs to be rotating at to get us there exactly on time. In order to do this, we simply create a fraction representing our desired rotational velocity for the output (drive) axle: 25.5rev per 2 minutes = 12.75rev per 1 minute = 12.75 rpm.

Once our desired rpm is established, we need to find the actual rpm of the motor we’ll be using to drive our vehicle. To do that, we’ll use a strobe light to determine the rotational velocity ( (in rpm) of your Lego( motor The LEGO( motors are a few years old, so they don’t all rotate at the same speed. You’ll need to know how fast yours is rotating so that you can gear it down to the exact speed that will move your car 20 feet in exactly two minutes. 
In order to determine how fast your motor is rotating, attach a large 40-tooth spur gear to its axle and use a permanent marker to mark a spot on a single tooth of the gear. (See below.)
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Next, turn on your motor and then turn on the strobe light by pushing the “POWER” button and point the light at the spinning gear on your motor. Use the black “DOWN UP” knob on the strobe to adjust the timing of the flash until the mark you put on the spur gear appears to hold still. You may need to use the “FINE” knob for the fine adjustments of the strobe. 

When your mark appears to be standing still, it will be because the strobe is flashing at exactly the same frequency as your gear is rotating. So once your mark has appeared to stop, read the number of flashes per minute (which is also the rpm of your motor) from the LED display on the strobe and record this number somewhere. You will use this number to perform the calculations necessary to design the gearing for your car. For the purpose of this sample problem, we’ll pretend that our strobe reading for your motor was 2500 rpm.
   Part c) Gearing down your motor to make the trip in exactly two minutes.

Our next task is to reduce the rotational velocity of the axle coming out of the motor (how fast it goes around) from its original rpm (remember that rpm stands for revolutions per minute). For our sample problem, we want it to be is as close to the 25.5 rpm as we can get, because if it revolves 25.5 times in two minutes, then it will reach the finish line at exactly the right time. For our example, let’s imagine that, when you used the strobe light, you found out that your motor is rotating at 2500 rpm. Remember that the rpm and wheel diameter numbers we’re using for this example are not the same as the numbers you’ll be using for your car.

If we divide 2500 by 25.5, we get approximately 98. That means that we need to use gears to slow down the axle coming out of the motor so that it’s going 1/98th as fast as its original speed. We’ll do that using gear ratios. A gear ratio is just what it sounds like…the ratio between the number of teeth on two different gears. 

The picture at the bottom of page 1 shows a gear ratio of 2 to 1 because the 24-tooth gear has twice as many teeth as the 12-tooth gear. Because of this ratio, the 12-tooth gear goes around twice every time the 24-tooth gear goes around once…so it’s going twice as fast as the 24-tooth gear. Conversely, if we hook the motor to the small gear, the larger gear’r rotational velocity (( in rpm) will be reduced by half.  So, if we hook this simple gear system up to a 2500 rpm motor with the small gear on the axle coming directly out of the motor, the big gear’s speed will be reduced by half to 1250 rpm…and any other gear we put on that output axle will be rotating at the same rotational speed of 1250 rpm. 

We can continue to reduce the axle speed by adding new gear pairs. Let’s say we put an 8-tooth gear on the axle that’s rotating at 1250 rpm and connect it to a 40-tooth gear on a new axle. This new gear ratio will be 8:40. This can be written as a fraction, 8/40ths.  which reduces to 1/5. This means that our new axle will be rotating 1/5th as fast as the 1250 rpm axle. One fifth of 1250 rpm is 250 rpm, so now our new axle is rotating at a speed of 250 rpm, reduced from the original 2500 rpm.  We’ve reduced our axle speed by ½ using the first gear pair and then by 1/5 using the second gear pair, for a total reduction of 1/10. It’s no coincidence that ½ times 1/5 equals 1/10! 

If we repeat this reduction so that our 250 rpm axle can be slowed down by another factor of ten, we’ll end up with an axle rotating at 25 rpm, and that’s pretty close to our desired 25.5 rpm. 

The drawing on the next page represents the system we’ve just described, only the teeth aren’t shown on the gears; instead, the number of teeth is written on the face of each gear. It shows the step-by-step calculations.


Using calculations similar to those shown above, you can design the gearing needed to get your car to the finish line in the correct amount of time. The rest of the design is simply a matter of building your car so that it will be sturdy and move in a relatively straight line. 

Remember that your car won't be going 20 feet in two minutes like the example, it will be going 25 feet in 3 minutes!
Vehicle Performance Report
A Vehicle Performance Report will be written as the final part of the project. It will describe the structure of your vehicle, explain the calculations that your team carried out in order to achieve the desired vehicle performance, and illuminate some of its other physical characteristics.

Vehicle Structure & Technical Drawing:

Describing the structure of your vehicle in the report will require a digital photograph or technical drawing with captions and call outs indicating pertinent components (like lever arms, wheel radii or gear teeth, etc.) and dimensions. The example below shows some of the interior components of the Lego Gear Reduction motors in the Mechanical Engineering kits. Note how captions and callouts are used to help the reader understand the interior structure of the motors. 

Example Digital Photo with descriptive callouts-
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.

Example Technical Drawing: 280 rpm input motor reduced to 18.67 output rpm:


Calculations
Your vehicle will use the wonder of rotational dynamics to move down the hallway to a glorious finish...exactly on time. You will be examining some of the rotational dynamics and performing measurements, and calculations to determine the numerical value of the parameters listed below. Be sure to include them in your Vehicle Performance Report.
· input rotational velocity from the Lego motor,

· output rotational velocity of the drive axle,

· the linear velocity of a tooth on the gear directly connected to the axle on your input motor,

· the linear velocity of a tooth on the gear directly connected to your output (drive) axle

· the number of rotations of your drive wheel needed to travel the 25 feet,

· the overall gear reduction  used to change input rpm to the required output rpm

· the theoretical linear velocity of your vehicle

· the actual linear velocity of your vehicle
· the technical drawing of your gearing system
12-tooth gear
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24-tooth gear
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12-tooth “driver” gear connected to, for example, a 2500 rpm motor





12:24 = 1:2 gear ratio cuts rpm to 1250





8:40 = 1:5 gear ratio reduces rpm from 1250 rpm  to 250 rpm
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12:24 = 1:2 gear ratio again reduces rpm in half from 250 rpm to 125 rpm





Final step- 8:40 = 1:5 gear ratio reduces rpm by 1/5 again, slowing the axle from 125 rpm to 25 rpm
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Output shaft with 48-tooth gear (teeth not visible) engaging 16-tooth input





Output shaft





Motor housing





Input shaft with 16-tooth and 72-tooth gears
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