DC Motors
FACILITATOR NOTES

Overview

Learners build and test a circuit using relays to run DC motors forward or backwards under calculator control, operating equipment such as a toy bulldozer, a Lego vehicle or a K’Nex crane. They then integrate their circuit and motor into a larger system to complete a sequence of events in the style of Rube Goldberg.
Goals of the Activity

· Interpret electrical diagrams to complete a DC circuit.
· Test and troubleshoot a DC circuit.

· Work with other teams to integrate individual motor systems into a larger system.

Standards

Standards for Technological Literacy (ITEA)
10
Understanding of the Role of Troubleshooting, Research and Development, Invention and Innovation, and Experimentation in Problem Solving
--
Troubleshooting is a problem-solving method used to identify the cause of a malfunction in a technological system. (6-8)

--
Technological problems must be researched before they can be solved. (9-12).

--
Many technological problems require a multidisciplinary approach. (9-12)

11
Apply Design Processes
--
Identify the design problem to solve and decide whether or not to address it. (9-12)

-- Identify criteria and constraints and determine how these will affect the design process. (9-12)

--
Refine a design by using prototypes and modeling to ensure quality, efficiency, and productivity of the final product. (9-12)

--
Evaluate the design solution using conceptual, physical, and mathematical models at various intervals of the design process in order to check for proper design and to note areas where improvements are needed. (9-12)

--
Develop and produce a product or system using a design process.

--
Evaluate final solutions and communicate observation, processes, and results of the entire design process, using verbal, graphic, quantitative, virtual, and written means, in addition to three-dimensional models. (9-12)

16
Select, Use, and Understand Energy and Power Technologies
--
Power is the rate at which energy is converted from one form to another or transferred from one place to another, or the rate at which work is done. (6-8)

--
Power systems must have a source of energy, a process, and loads. (9-12)

National Science Education Standards (NRC)
B

Physical Science

Interactions of Energy and Matter

--
In some materials such as metals, electrons flow easily, whereas in insulating materials such as glass they can hardly flow at all…. (9-12)

Motion and Forces

--Electricity and magnetism are two aspects of a single electromagnetic force. Moving electric charges produce magnetic forces, and moving magnets produce electric forces. These effects help students to understand electric motors and generators. (9-12)

E

Science and Technology
Abilities of Technological Design

-- Identify a problem or design an opportunity (9-12)

-- Propose designs and choose between alternative solutions (9-12)

-- Implement a proposed solution. (9-12)

-- Evaluate the solution and its consequences (9-12)
-- Communicate the problem, process, and solution. (9-12)
Math Standards (NCTM)

Connections
-- Recognize and apply mathematics in contexts outside of mathematics. (9-12)

Representations
-- Use representations to model and interpret physical, social, and mathematical phenomena. (9-12)

Equipment/Software Needed

FOR EACH GROUP OF 2 TO 6 STUDENTS:

Binary Basic Trainer with cable and batteries
TI-83 or 84 family calculator
CBL or CBL2 or LabPro with link cable and either batteries or AC adapter
1 Solderless Breadboard (such as Radio Shack, #276-175 or Jameco # 20600)
2 5-V DPDT relays (such as Mouser # 551-MR82-5USR)
2 5-V SPST relays (such as Radio Shack # 275-232or Mouser 677-OMR-106H)

Wire (assorted colors, 22 AWG, solid) (such as Radio Shack # 278-1221 or Jameco 19289CB)

Device with 2 small DC motors, such as Lego, K’Nex or a low-cost vehicle with a wired remote controller. (See “Activity Setup” below for more suggestions on interesting motors.)
Battery holder (such as Radio Shack # 270-385) NOTE: Total voltage must match the needs of the motors being used. For example, if the device normally uses 2 AA batteries, the battery holder here should hold 2 AA batteries.
Batteries as required. See note above.
Wire cutter/stripper

FOR THE CLASS:

Multimeter for troubleshooting
CALCULATOR PROGRAMS: SIGNAL
Activity Set Up

Assemble a collection of low-voltage (max 12 V), low-current (max 500 mA) DC motors. Be sure that you keep careful 
Bare motors are available from Radio Shack and many other sources, but these have the disadvantage of turning very rapidly. Most applications require that you add some sort of gear system.
Tamiya’s Technicraft motors come with gear heads at prices starting around $12.50 per motor. They are available in many hobby stores or online at http://www.tamiyausa.com. 
Lego and K’Nex motors work well, although it is necessary to cut off the connectors and strip the bare wires. Both companies also distribute extension wires for their motors and it is possible to cut one of these to obtain the bare wire connection points needed to operate 2 motors.
One of the best ways to find good motors for this project is to scan the toy shelves for low-cost wired remote vehicles. Reversible vehicles which have only one set of batteries located in the hand-held controller are easiest to use in this project. Cut the wires and experiment with a battery pack that matches the batteries in the controller to find the pair of wires which operate each motor. (The vehicle shown in the Participant Handout was purchased for $3 at a Family Dollar store. It consists of little more than a DC motor, gears and decorations.)
Some 3-V, 6-V or 12-V devices such as cooling fans, animated holiday decorations, etc. also contain motors which can be adapted for this activity, but many of these will only operate in one direction, not in reverse. Even if these are not reversible, they can still play key roles in the Rube Goldberg construction, for example by providing wind to blow the ping-pong ball along its course.
Pre-Activity Discussion

Show the class one or more Rube Goldberg cartoons. There are several copyrighted examples available for printing at http://www.rube-goldberg.com. Explain to the class that Goldberg was attempting to illustrate the dangers of making things overly complex, but that his machines are fun and instructive all the same. Also explain that the class will be working together to build a Rube Goldberg machine to move a ping pong ball “here” to “here,” showing them the planned starting and ending points. Also explain that they will be working in teams, with each team responsible for designing and building one or more steps along the way.
Facilitating the Activity

Part 1: Some Basics of DC Motors and Relays
If students are not familiar with DC motors, show them a simple example. (There are instructions for building a very simple, visible motor included below in the Additional Resources. Many companies also sell demonstration motors.) Also emphasize that basic DC motors continue to be a mainstay of modern life. Ask them to mention examples of large and small electric motors. For many of the examples they suggest, it may not be clear whether these are really DC or AC or another type of motor, but the distinction is not critical at this point. If in doubt, simply point out that all electric motors can be viewed as modification of the original DC motors.

Introduce relays as an additional example of an electro-mechanical device and show students the actual relays they will be using. If possible, also show them purely mechanical examples of (such as knife switches) to illustrate both SPST and DPDT switches. Particularly emphasize the distinction between the coil connections (which carry a small current to activate the electromagnet) and the actual switch connections.
One of the questions in this part asks students to use Ohm’s Law (V = I R) to find the current in the coil. Depending on your class and your goals, you may want to review the law or emit the question.
Part 2: Building and Testing the Control Circuit

EMPHASIZE THE IMPORTANCE OF SAFETY, PARTICULARLY THE NEED TO LIMIT VOLTAGE TO NO MORE THAN 12 DC VOLTS AND TO LIMIT THE CURRENT TO NO MORE THAN 500 mA. EVEN THEN, SHORT CIRCUITS CAN STILL CAUSE FIRES OR BATTERY LEAKAGE. UNLESS YOUR STUDENTS ARE WELL EXPERIENCED WITH BUILDING ELECTRIC CIRCUITS, THE INSTUCTOR MUST CHECK ALL STUDENT CIRCUITS BEFOE THE ARE POWERED.

The Participant Handout includes detailed photos and diagrams, although you may need to make modifications depending upon your specific instructions. If students have not previously worked with breadboards, carefully explain both the board and the procedures for connecting wires.

The DPDT relay pin assignments are potentially confusing. Different relays use different pin assignments. Pin 1 (the square symbol on the board layout diagram) on the suggested relay is connected to the coil, but relay pins are commonly numbered differently than IC pins. Based on the lettering on the relay, this one will appear to be backward, with the lettering facing away from the students when oriented as shown in the photos.

The Participant Handout assumes the students have used graphing calculators and the SIGNAL program before. If not, you should demonstrate the program.

Give the students responsibility for constructing, testing and troubleshooting the circuit, providing just enough guidance to keep them safe and to avoid excessive frustration.

Some teams are likely to finish this part much sooner than other teams. Encourage the early finishers to move on with Part 3 as soon as they have demonstrated success in running their motor in both directions.

Part 3: A Rube Goldberg Megasystem
Try to function as a resource, not a designer, encouraging the teams to use their imagination and to try alternative ideas. Emphasize the fun nature of the task, avoiding unnecessary competition or and especially avoid linking grades directly to success. The goal is not to move the ping ball efficiently, but to move it in the most creative way possible. Wild ideas which don’t work can still be very good ideas at least in this context. 

Post-Activity Discussion

Discuss the Rube Goldberg system itself, comparing and contrasting the ways in which different teams used (or attempted to use) motors. Be sure to find positive aspects in each team’s effort, even if their step did not achieve the intended result. Engineering design does not always produce the desired results and the failures can often be more instructive than the successes.

Also discuss the design process, including both the approach used by individual teams and the process of integrating the individual steps to produce a larger system. Mention too that Rube Goldberg intended through his cartoons to point out the danger of making systems more complex than necessary, whereas real engineers and technicians see simplicity as a more important goal.
Be sure the students understand the difference between energy flow and information flow.

Group Activity Questions

See Report Forms.

Individual Assessment

Problems that may be used on a quiz or test:

1) Briefly explain one way in which DC motors and electro-mechanical relays are similar.
2) In what way does the design of a “Rube Goldberg machine” violate normal engineering design principles?
3) Describe one difficulty that can make it difficult to integrate the designs of separate teams into an effective larger system.

Extending the Activity

The Rube Goldberg system can be made more diverse and complex if you provide the students with more options, such as servo motors, stepper motors, solenoids, etc. The system can also be modified to include sensors, so the transition from one step to the next is made automatic.
Troubleshooting

A detailed trouble-shooting guide is incorporated into the Participant Handout for direct student use. You may wish to modify the guide to match your specific equipment or class environment.

Additional Resources
· Investigating Safely: A Guide for High School Teachers by Juliana Texley, Terry Kwan and John Summers, NSTA Press, 2004, ISBN10: 0-87355-202-4, available from http://store.nsta.org.

· Information about the Rube Goldberg and the Rube Goldberg Machine Contest can be found at http://www.rube-goldberg.com.

· Sites with instructions for building a simple DC motor include the following: http://www.flinnsci.com/Documents/demoPDFs/PhysicalSci/PS10405.pdf, http://my.execpc.com/~rhoadley/magdcmot.htm,
http://fly.hiwaay.net/~palmer/motor.html. 
· Tamiya’s Technicraft gearhead motor kits are described at http://www.tamiyausa.com/product/category.php?sub-id=40000.
· A good introduction to electromechanical relays in the context of automobiles is available at http://www.autoshop101.com/forms/hweb2.pdf
· The technical datasheet for the SPST relay suggested here is available at http://relays.tycoelectronics.com/datasheets/OMR.pdf. The datasheet for the suggested DPDT relay is at http://www.worldproducts.com/pdfs/mr82.pdf.

· Professor Mark Csele provides an interesting collection of hobby project ideas at http://www.technology.niagarac.on.ca/people/mcsele/project.htm, including detailed plans for a motorized elevator for a doll house. He also provides detailed information about signaling and control systems in the Canadian Pacific Railway, describing both the real systems and techniques hobbyists can use to model the real system. Many of his projects involve PIC chips and other electronics that is more advanced than that used in this activity.
· Suggestions for using DPDT relays to control LEGO and other motors can be found at http://mapageweb.umontreal.ca/cousined/lego/2-Robots/comp-robot/Tutorials/tutorial2.html and at http://www.distel.co.uk/DC_MOT_CON1.htm. 
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