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THE ROBOT CHALLENGE
Materials

· 1 robot frame constructed from Lego Mindmaster kit that includes gears (both spur gears of at least three different sizes and worm gears), wheels, axles, two motors, and Lego building blocks
· Includes 1 RCX

· 2 motors

· 1 load cart

· 3 gear boxes

· 1:1 ratio

· 1:5 ratio

· 1:24 ratio

· Masses

· 5 gram

· 50 gram

· 2x 100 gram

· 200 gram

· 500 gram

· 1000 gram

· Adjustable inclined plane

· Flat wooden board (at least 50-cm long, 15-cm wide, and 0.5-cm thick) with adjustable supports (stacks of scrap wood or books) and a sandpaper surface

· 1 stopwatch

· 1 30-cm ruler

· 1 protractor

Objectives

· to develop relationships between load, gear ratios, and velocity

· to develop relationships between the angle of incline, gear ratios, and velocity
· to use these relationships to predict the robot's response under conditions not included in the analysis

· to become familiar with ROBOLAB programming

Equipment Construction

1. Build a robot frame with the proper motor and wheel placement, a RCX holder, and counterweight holder. See Appendix A for detailed instructions.

2. Build a load cart that can be attached on the back of the frame. See Appendix B for detailed instructions.

3. Design three different gear arrangements that fit within a frame (gear ratios used in this lab are 1:1, 1:5, 1:24). See Appendix C for detailed instructions.

4. Construct an adjustable inclined plane that has a sandpaper surface. See Appendix D for detailed instructions.

Background


A robot uses gears and wheels to move and is powered by a motor. The terms of angular velocity, torque, power, and friction help to explain the mechanics behind the working of the robot.
I. Angular velocity – ω

a. Definition– The rate of change of angular displacement with time, i.e., how fast something turns or spins about an axis.

b. This value is often expressed in terms of revolutions per min (rpm) or radians per sec (2*π radians in each revolution). Both revolutions and radians are dimensionless.

II. Torque – τ

a. Definition – Force * length of moment arm, i.e., a turning or twisting force.

b. This value has units of force * length such as N-m (read as Newton-meters) or ft-lb (read as foot-pounds)

III. Power

a. Definition– The rate at which work is done.

b. Power can be calculated as Force*velocity, F*v (for linear motion) or Torque*angular velocity, τ*ω (for rotational motion).

c. The relationship between force and velocity or the rotational counterpart shows that force and velocity are inversely proportional, as one increases, the other must decrease in order to maintain the same power.  

IV. Friction

a. Friction is a force that exists between two surfaces. Contact between protruding elements of the two surfaces (sometimes these are microscopic) resists motion by physically blocking the protuberance on the surface that is trying to move.

b. Friction has been shown to be proportional to the normal force that acts on the surface. This is the force that is perpendicular to the surfaces. Therefore, the general formula for the force of friction is 

Ff  = μ*N 




(5)

where μ is the coefficient of friction (found empirically) and N is the normal force.

c. The force of friction always opposes motion and so it is always acting in the direction opposite of motion. When a person walks, he or she presses backwards, and because of friction, the person moves forward.

d. Static Friction vs. Kinetic Friction: The force of static friction is always equal to the applied force until motion begins. Once the object begins to move, the resisting force is called kinetic friction. Kinetic friction is generally less than the maximum force of static friction. 

e. How friction helps: The same way in which friction helps a person walk, friction helps a car roll. The direction of motion at the point of contact between a wheel and the ground is parallel but opposite the desired direction of motion. Static friction pushes the wheel forward rather then allowing the wheel to spin freely on the ground. Thus, the car moves in the right direction. The friction between a car tire and ice is very minimal, so the tire may spin rather than move to propel the car forward. If the wheels begin to slip, the force pushing the car forward is kinetic friction, which as stated previously, is less than static friction, and so the car moves with less force.

f. How friction hurts- Friction is by nature a resisting force, so although it helps in many ways, it still opposes motion. For example, consider the situation where a football player is training by pushing a weighted sled. Friction between the player's cleats and the ground help him transfer his energy to the ground and thus push the sled forward. However, friction between the weighted sled and the ground pushes back at the player because the motion is towards the sled. Friction exists anywhere that two surfaces are in contact. Friction is also a negative in that it causes parts of machines to wear out.

In this lab you will also be utilizing ROBOLAB software in order to operate the RCX and power the motors of the robot. The Robotic Command Explorer, otherwise known as the RCX, is a programmable brick used to communicate with both the computer and input/output devices. The input devices can be connected to the input ports, which are labeled as 1, 2, and 3 on the RCX. Additionally, output devices can be connected to ports A, B, and C, which are known as the output ports. In this lab, you will have two devices connected to the output ports. Output ports A and B are used to send commands to motors A and B. 

The ROBOLAB program that is used to guide the robot along a given path can be found in Figure 1. The program begins with a green light, which initializes the program. Since two branches of commands are needed to complete this program, the fork symbol tells the program to execute both of these commands simultaneously. Next, the program turns on motors A and B (simultaneously) in the forward direction (denoted by the arrow pointing right) at a power rating of 5. Power ratings in ROBOLAB range from 1 (lowest) to 5 (highest).  The motors keep spinning in the forward direction until the RUN button is pressed on the RCX. Once all of this has occurred, the program is completed with a red light.
Pre-Laboratory Questions

1. Suppose you have two children that weigh 70 lbs and 50 pounds, respectively. Carrying which child on piggyback would allow you to run at a faster speed? Why?
2. Why do ski poles have spikes on their ends? Discuss this in terms of friction.
3. Assume that it is snowing outside and your friend is driving you home; however, in order to get there, you have to drive up a steep incline to reach your house. Your friend asks you whether or not he should put the car into a lower gear. How should you answer him? Explain your recommendation.

4. The football sportscaster on television might use the phrase, "The running back put it in high gear when he got into the secondary," to describe the runner. What does he mean by "put it in high gear?"
Experiment: Velocity, Load, Angle
Procedure:

This experiment consists of three parts. First, each team will conduct experiments to understand the relationship between the velocity of the robot and both the angle of incline and the load carried by the robot. Second, the understanding developed in the first part of the experiment will then be used to estimate the velocities and travel times required to traverse various legs of a test path. Third, the robots will be used to traverse the specified test path and the actual travel time noted. These will be compared to the predicted travel times. Differences between the estimated and the actual travel times will indicate the prediction error, which will be a measure of the accuracy of the relationships developed in phase 2.
Phase 1 - Analysis:

The first task for each team is to conduct experiments with the different gear ratios, masses, and inclines to discover the interrelationships among these factors and the velocity of the robot. Each team will take measurements to characterize the relationships between the velocity of the robot and each of the following variables: (1) the gear ratio, (2) the angle of incline, and (3) the load. Each team gets to make 15 tests using any combination of these variables. Each test is made over a distance of 30-cm with each test replicated to reduce the sampling variation. Use Worksheet A to record the test results.

The following restrictions and guides are provided:

1. Each unique trial (testing a certain gear ratio with a certain load at a certain angle) should be repeated two times to better ensure accurate data. This means each team should have 30 data points by the end of data collection.

2. When testing the 1:1 ratio, assume the robot cannot climb an incline. For each of the remaining ratios, tests should be limited to angles ≤ 30 degrees.

3. Teams can refer to the following formulas as guides for choosing potential combinations of incline angles and loads: 

a. 1:5 ratio: 33/α * e0.5 – 2*L ≥ 1

b. 1:24 ratio:  α /(46 – 37*L) ≤ 1

where α is the angle of incline (degrees) and L is the load (kg). Any combination of α and L that meets these inequalities can be useful in identifying the needed relationships. 
4. When applying loads to the robot, first load the front end of the robot (up to 200 grams) to ensure traction, then place any other mass in the load cart. 

5. Teams should analyze and summarize their data so they can make predictions about the robot's velocity given a specific gear ratio, angle, and load.

Phase 2 - Synthesis: 

The purpose of this phase is to apply the information that you gathered from the analysis phase in order to predict the velocity of the robot under new situations. Once your team has completed your data collection and organization, obtain a copy of the Test Worksheet from an instructor and for each situation, predict the time to complete the course. Then run the test situations with the robots and record the actual times to complete the course. Calculate your errors.

Post-Laboratory Questions
1. A bicyclist is traveling up a hill that has an angle of 40 degrees with respect to the horizontal. The bike is put into low gear to help the rider climb the hill. The total weight of the person and the bicycle is 130 lbs and the coefficient of friction between the bicycle tire and the pavement is 0.9. Draw a free body diagram and calculate the power that the bicyclist is generating if she is traveling at a velocity of 10 miles/hr.

2. You have decided to enter a lawn mower race this year. You did some research and found out that last year’s winner managed an average velocity of 25 mph. You own a 7-hp lawn mower, and you have measured the motors speed to be 2000 rpm. You plan on using wheels with a 1-foot diameter (see Figure 2). In order to overcome any frictional forces and to ensure quick acceleration, you must have a force of 435 N at the contact point between your wheels and the ground. Design a gear system that will make your mower move faster than last year’s winner.  

3. Your friend has had an accident and his 10-ton SUV is now at the bottom of a trench and the engine won’t start. The SUV has large off road tires that have a coefficient of friction of 0.8 with the ground. You decide to use your 3-ton sedan and a long sturdy cable that happened to be in your trunk as a winch to pull the SUV out of the trench (see Figure 3). Your sedan has a 120-hp engine and a coefficient of friction of 0.6 with the ground. When in first gear and full power, your axel spins at 210 rpm. Will your car generate enough force to pull the SUV out of the trench? Show all of the computations that you used to arrive at your answer.
Design Problem: Odometer
Archimedes invented one of the first odometers much like the ones used in many cars today. He did so in an effort to mark mileage on ancient Roman roads. You are curious about the length of your bicycle route so you decide to use your knowledge of gears to design a portable odometer that counts every mile. It should be plausible and efficient (i.e., can’t use a 5000-toothed gear or hundreds of individual gears). This should be a device that, given some time, you could build yourself. 
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	2: Data Entry
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	6 = 30/(col 5)
	
	
	
	
	

	7 = 0.01* (col 6)
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