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Thermostat
Introduction

This laboratory demonstrates very basic principles of the design and operation of feedback control systems. Feedback control, also known as system dynamics, is a major area of study in Mechanical Engineering.  Systems such as gas turbines, weapons guidance systems, and vertical take-off and landing (VTOL) airplanes all use feedback control. Typically, mechanical actuators on these systems are controlled by a combination of computer hardware, software and sensors that may sense position, velocity, acceleration or anything else. The sensors and computers tell the mechanical components what to do. 

In this lab, you will design, build and program a robot to act as a feedback control thermostat.  The robot will heat a bucket of cold water up to 40 degrees Celsius by adding hot water until the proper temperature is reached.  You will first calibrate the Lego temperature sensor to the water temperature your TA is using, then complete the rest of the lab.

Equipment

One Lego Mindstorms Invention System kit, Lego temperature sensor, water proof containers, brass ball valve, mounting stand and duct tape.

Procedure
1. Write a program to measure what temperature your sensor indicates. The TA will have a control source of water at 40( Celsius. You will want to have your water stay at this temperature. Try to measure the approximate time it takes for the sensor to adjust to the proper temperature.  This time is important in determining the intervals between adding hot water to the cold water.

2. Before you start building, design a robot that will use the valve to let hot water into the bucket of cold water until the temperature in the bucket reaches 40 degrees Celsius. Make several sketches of possible ideas prior to building the robot. Think about how you will use the various gears and motors, and how you will attach the robot to the valve. Show your TA your design when you are finished, and he will provide a set of Lego Mindstorms.

3. Build your robot. You may want to use a long arm attached to the motor, or you could make a gear box to attach the motor directly to the handle. The method for controlling the ball valve is up to you. You may have to attach your robot to the valve using the duct tape provided. As you are designing and building the robot, think about how you are going to write the program to operate it.

4. While your robot is being built, have one or two group members write a program to operate it, then download the program to the RCX unit with the infared transmitter.  

5. Test and debug your robot until it is time to do the final run.  When you are ready, the TA will watch you perform the test, then he will measure the final temperature of your water. 
Questions

1. Give a detailed description of your robot, including the program.  Draw the program as it appeared on the screen.  How could your robot be improved? Include drawings of how your robot works.

2. What temperature did your robot bring the water to?  If it was not exactly 40º, what are some possible reasons for the error?  If it was exactly 40º, what made yours perfect?

3. Did your robot cause the temperature to fluctuate up and down around 40( ? If so, what should you have done to correct this problem? If not, how did you insure that the temperature remained constant?

4. How long did it take your program to reach the desired temperature?  Try to think of some ways to lower the amount of time and the number of commands needed to reach the same goal.

5. Can you think of any other systems that use feedback control? List at least three (Not including those mentioned in the introduction). 

6. Include a paragraph on what was accomplished in Lab last week.  Was your group able to complete all the tasks? What special task did your robot perform?  Draw a picture of your program and explain it.

Lab Report

Include answers to all questions, all the data you collected, drawings of how your robot works, as well as how the program works, and comments and suggestions for the lab.  

