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Instructor’s Guide to:

Automated Buoy

This exercise is a good culminating activity as it involves building a device to automatically collect data. Building the buoy requires understanding of basic buoyancy and stability of water craft. In addition the student will gain experience using a worm gear. Then the data needs to be analyzed to extract the desired information.

Use this activity to allow students to integrate their knowledge of data collection, building, and programming to create a device that can automatically collect the desired data from different depths. After the data is collected have your students graph the information in a meaningful way and explain why the data could be important.

In the Classroom:

Grade Level: 5-12
Time: 2-4 hours depending on programming/building skill
Building Skills: gears 
Programming Skills: Investigator 4 or 5 (Inventor style programming)
Automated Buoy
Scientists are interested in finding out how the temperature in certain places of the ocean vary over time and depth. However, they don’t have the time to sail around everyday taking measurements. They have asked you to make them a buoy that can automatically sample the temperature at 3 different depths.
Challenge

1. Use the pieces available in your kit to build a buoy that can be programmed to lower a payload of sensors to specified depths at specified times. Make sure your rcx is protected from coming in contact with any water. 
2. Once the buoy is constructed and approved by the instructor, program the buoy to take data at different depths
3. Deploy your buoy and let it take data.
4. Upload the data from your buoy and graph it.

Materials

Team challenge kit, fishing line (string), two small weights that can be tied to fishing line, depth sensor, temperature sensor, any other desired sensor, foam block (i.e. polystyrene insulation from home depot), worm gear, worm gear housing (optional)
Skills Learned

Design, Building, Programming
Procedure
1. Use the foam block as a platform for building the mechanical portion of your buoy. You want to build a structure that will be able to raise and lower a sensor payload using a motor. This structure should also be built to protect the RCX from water. That means the structure should be tall enough (ideally 4-5 inches) to keep the RCX away from any water that could flow onto the foam block. 
2. The easiest way to raise and lower a sensor payload is to wind the fishing line (string) around an axle. To increase the speed that the payload raises and lowers, you can gear up the axle or wrap the fishing line around something of greater diameter. 

3. In order to prevent the weight of a sensor payload from causing the fishing line to unwind, you should use a worm gear. Using a worm gear housing makes it easy to add the worm gear to your device, but it is not necessary. If you are not familiar with worm gears, the picture below shows what a worm gear looks like along with the other parts you’ll need to use the worm gear housing. The worm gear is the black object in the top-middle of the picture., the worm gear housing is the clear object in the bottom-middle of the picture. To the left of the worm gear is an axle extender and below that is a regular gear. On the left side of the picture, there are two axles and 4 bushings, on the right side of the picture is a motor. 
[image: image6.wmf]
Below is a picture of an assembled worm gear housing. Once you have it assembled, try turning the axles. What do you notice? Which axle moves, when you try to turn it? How quickly does the axle connected to the worm gear move in relation to the axle connected to the regular gear?
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4. Once you have completed your structure, install the fishing line onto the axle and attach the weights to the end of the string. Then attach the sensors to the weights using string or tape. Make sure that the sensors’ connectors are not exposed to water. If they are exposed to water, this could result in incorrect sensor readings. 
5. The building of your buoy is now complete, the next step is to program it. To program the buoy to take data, you must use the investigator portion of Robolab. Within investigator, you should use either program level 4 or 5. As a starting exercise, program your buoy to take temperature readings at three different depths. After programming and running your buoy, upload the data and graph it. An example program is included in the example section, however, there are many ways of programming the same thing. 
Extensions

Give the buoy a means of propulsion by adding an outboard propeller. Make sure your motor doesn’t come in contact with the water. 
Example

Below are pictures of an example buoy and a program that controls the buoy. 
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This buoy is designed to have an automated anchor as well as sensor array. When operating, the buoy first lowers the anchor, then proceeds with data collection. See the program below for one way to program this action.
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After initializing sensors and datalogging, the anchor is dropped, datalogging is started and the sensor array is raised and lowered to three different depths two times. At each depth, the sensor array stops for 10 seconds to allow the sensor readings to stabilize. After the datalogging is done, the anchor is raised, data logging is stopped.
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