Instructor Guide
Title: Distance and Turns
Introduction
Calculating the distance the robot will travel for each of the duration variables (rotations, degrees, seconds) can be confusing for participants especially when coupled with a turn or a spin. It is important to remember that rotations and degrees reference the wheel axle, such that these distances can change depending on the size of the tire installed on the robot. This activity outlines how to use the duration variables correctly to make corner turns and to calculate the distance to objects using the circumference of the tire. The answers provided in the instructor guide are based on the basic bot construction from the LEGO® Mindstorms® v 2.0 kit (part number EE979797).
Objectives
Youth will apply basic math functions and geometry.
Youth will gain experience with units of measurement and measurement comparison.

Youth will demonstrate creativity, innovation and critical thinking skills.

Youth will increase their ability to work collaboratively with others.

Youth will better understand the process of programming and evaluating robotic movements.
Preparation and Materials
One-12 inch ruler per robot
Activity: How far will your robot travel?
Take a look at the larger tires connected to the gear motors on the NXT robot. On the side of these tires there are numbers. This is true for all tires and tells you the size (diameter and width) of the tire. Automobile tires and bicycle tires also have these numbers to ensure the mechanic places the correct tire size on each axle. 
1. What are the numbers on the robots large tire?

56 X 26

2. Are these numbers are in inches, centimeters or millimeters?

Millimeters

3. Which number is the diameter and which is the width?

56 mm = diameter

26 mm = width


4. Using the diameter of the tire, one can find the Circumference of the tire. The circumference of a tire tells the distance a tire travels in one revolution:
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Where C= circumference, π = 3.14, and D = diameter
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What is the circumference of the NXT tire?
This means one rotation of the tire is 175.84 mm or 17.6 cm. 
5. If one rotation is equal to 17.6 cm, how many cm will the robot travel in three tire rotations?

17.6 X 3 = 52.8 cm
6. Since the wheel of the robot is a circle, one can also speak about degrees of tire rotation. How many degrees does the tire rotate for each tire rotation?

1 tire rotation – 360 degrees

7. How many cm will the robot travel if it is programmed to travel a duration of 720 degrees?

720 degrees = 2 tire rotations = 35.2 cm

However, the robot might not travel the distance you calculated. There are several variables that affect the distance travelled by the robot:
· The power level setting will affect distance traveled when using the time interval in seconds; however, it will not affect the distance travelled in rotations or degrees. In addition the battery life levels will also impact the amount of power provided to the robot to complete the moves.

· The external environment will impact the amount of friction on the tires.  A smooth surface will have less friction meaning the robot will travel slightly faster.  A carpeted surface will have more friction meaning the robot will travel slightly slower.  

· The mechanics of the built robot impacts the function of the robot.  For example if a tire is not perfectly aligned on the wheel well or on the axle you may experience a wobbly wheel. 

· The temperature will affect the distance travel. Since the wheels are made out of rubber, they will slightly expand when the temperature is hot and contract with the temperature gets colder.
Activity: Making Turns and Spins
The robot will turn corners by altering the steering and duration that the wheels turn. If one wants to turn a 90 degree corner, we know from the discussion above that it is not correct to set the duration the robot travels to 90 degrees. This setting only moves the wheel a ¼ turn.
In order to understand how to make the robot turn a corner, one again needs to use some math. The wheels trace out a circle, such that if the robot makes a sharp turn, one wheel does not move and one wheel goes around in a circle of a certain diameter.
Give it a try 
Imagine you are facing north and you want to change your direction such that you are facing east (or 90 degrees to your right). The simplest way to make this turn is to pivot your right foot and swing the left foot in a 1/4 circle. 
Give it a try 
Stand with your feet about 10 inches apart. Pivot your right foot, but keep it on the same spot on the floor. Drag your left foot comfortably around so that you are now facing directly to the right. The distance your left foot had to travel to get to the final position is dictated by the distance between your two feet when you start. What if you started with your feet 15 inches apart? Would your left foot travel a farther or shorter distance?
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 The distance between our tires for the basic bot is 11 cm

    11 cm
Therefore, for the entire robot to spin 180 degrees:
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The distance traveled by the tire =  [image: image5.png]314 x11+

mx 11cm + 17.27 cm




From the discussion above, one sees that 17.27 cm is close to one rotation, but not quite. Remember one rotation of the wheel will make our robot travel 17.6 cm. Thus, in order for the robot to spin around to be facing the opposite direction one can program the robot to make a sharp turn for 0.97 rotations or about 353 degrees. Of course, the wheels on the robot can move several millimeters on the axel, so this is just an estimate.
Give it a try
Program the robot to make a ½ turn (180 degree turn) and see how close to an exact turn you can come!
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