
Electric Motor 
 
Step 1: Build your beta version in class, following the instructions (separate handout) 
 
Step 2: Write a one-page report (1.5 spacing) of how your prototype electric motor works.  
For your report, answer the following questions and include graphs, diagrams  
Why and how does it rotate? 
Why only one half on both sides the ‘axel’ wire is conducting? 
Would it work just as well if you sanded one half of axel but on only one of the axles? 
What is the purpose of the counter weight?  Where should it be placed in relation to sanded 
side of axel (i.e. same side or opposite)?  Why? 
How would you go about choosing the ideal mass for your counterweight?  Explain. 
Does your motor spin faster in one direction over the other direction?  Try it?  Explain. 
Detail one change (besides bigger magnet, current, coils) that would make it spin faster? 
A simple diagram of the electric current flow and circuit 
A sketched graph of the voltage output of a 1.5V battery as a function of time (option: use 
volt probe to check, set power supply to about 1.5 V) 
A sketched graph of the current output by the battery as a function of time  
Diagrams of the forces  (and thus torques) acting on the coil at 90,180,270 and 360 degrees 
Calculate the rotational speed of your motor in rpm using the Oscilloscope. 
 
Step 3: Think out a design for your electric motor or solar car.  For the electric motor 
design for the category you are aiming to win in the challenge. For the solar car, design it 
for a motor and power system capable of making it up the Ramp with 50% shade.   
For your proposal paper, I’m expecting 

1. The big idea.  One sentence on what you are making.  One sentence on what 
category you are optimizing your motor for (rpm, torque, efficiency …).   
One sentence your choice. 

2. Make a scaled drawing of your design by hand (with dimensions) or if you know 
CAD already then Inventor (or similar). 

3. A circuit diagram (and flow chart, if necessary). Using computer drawn drawings 
(Circuit lab, fritz, scheme it, your choice) 

4. Using diagrams at the different angles of rotation (for most it will be 0, 90, 180, 
270), take the reader through a full rotation.  Explain what’s going on in your circuit 
and electromagnets with a caption under each drawing.  

5. Detail how you will measure the rotational speed in two ways (one your main 
measurement and another as a check of main method).   

6. If more than a one person on the team, detail how you will measure both static 
torque, running torque and efficiency of your motor as accurately as possible using 
equations and short explanations.   

7. For a three person team, in addition to the above choose 2 more measurements you 
will do and explain your method as best you can 
 

 
 



 
Step 4:  Build your electric motor or solar car, testing it along the way and enter it into the  
Electric Motor Hall of Fame.  The following is a list of measurements to make.  You can 
come up with your own as well especially if your motor is a little different (let’s talk).  
Note: groups of 3 need to do 6 of the below, 2 person groups need to do 4 or more of 
the below and single persons do 2 or more of the below: 

• RPM (Rotation speed) 
• Statice Torque  
• Running Torque 
• Efficiency (Eff = Pout/Pin) Be careful!  Both have to be done at same time. 
• Power (Power = Torque x angular speed)  Be careful!  Think it out. 
• Graph the Power curve (power vs. rpm) 
• Graph Efficiency vs. rpm 
• Graph Voltage vs rpm 
• Graph the current phases over time and at different speeds using the LEM current 

transducers  
• Control of Rotation speed (graph dial setting vs. actual speed) 
• Your motor as a generator.  Use a neighbor’s motor to turn yours and measure 

efficiency.  Use drill to make a graph of power vs. rotation rate  
 

You can also do a Solar Powered Hybrid Car that can run through shady spots.   
• Enter to get into the Solar Car Hall of Fame with the Ramp contest.   
• You must use Maxwell Capacitors for your energy storage 
• See below for more details on Solar car. 

 
You can also do a similar but different project like the following: 

• A motor with a feedback loop, so it maintains constant RPM 
• Make a Stepper motor 
• Make a linear motor 
• Go high tech –make your own remote control from IR LED’s and phototransistors, 

have your motor controlled by a temperature sensor, motion sensor, ... 
 

Note:  For Different types of Motors we can substitute in different kinds of measurements. 
 
Step 4 Solar Car Additional information: 

• You are allowed up to 4 capacitors, each of 2.7V and 25F, or 4 of the 2.7V 
120F big boys that you can arrange as needed. 

• You are allowed up to 8 solar cells (3V, 70mA) or one of the 12V 500mA  
• Motor of your choice (but I have the 12V high torque motors in a big bin) 
• Use a cheap RC car and gut it or one of my sparkfun ones or built by you 

without constraints 
• Ramp test to get into Hall of Fame.  How quickly (or how far up) can you 

make it with 50% shade 
  



Step 5: Write a Paper on your electric motor.  Remember to include diagrams and pictures 
to aid in the explanation and refer to them in your text.  Your paper should be concise, to 
the point and not redundant nor overly verbose.  I’m looking for information not length. 
See Template paper on website.   Include in your paper the following sections: 
 
An Abstract 
Three to five sentences that say the following:  What you did.  One or two important design 
features or test features essential to your motor.  The main results. 
 
Design  
Short paragraph of the design of your motor.  Include a picture of your motor and detail 
the important design decisions you made. 
 
CAD drawings of your electric motor 
(Must have all dimensions of your motor, so that someone far away could take your 
drawings and construct the same motor) 
 
Theory of Operation 
Detail exactly why your motor spins, how your electric circuit does its thing.  Take us 
through a rotation with pictures for the different angles of the rotor. Focus on engineering 
and physics here. Explain how the various components that you used work (transistors, 
relays, hall chips, electromags, etc.).  Include here a schematic diagram of your circuit and 
possibly a flow chart. 
 
Results  
-Data and graphs of its rotation speed, efficiency, etc. 
(everything you measured and supporting graphs, data tables) 
-Explanation of the methods you employed to make all measurements  
(Including supplemental graphs.  You must justify and prove all measurements) 
-Summary Table of your measurements 
 
Next Steps/Conclusion 
(In one or two sentences tell the reader how well your motor currently works.  Then tell the 
reader what you would do to improve rpm, Torque, Eff, etc. if you had more time and add a 
couple sentences of concluding thoughts) 
 
Bibliography  
(I prefer the science style citation, see template, but I am perfectly fine with the chicago 
style one you learn in History) 
 
Appendices: 
(important side tests, studies, etc. go here, initial plans that were scrapped, etc. and 
anything else that you worked on and doesn’t fit into main paper.  This section is not 
mandatory, some will have it and some will not.) 
 
 



 
 
 
Step 5 Solar Car Additional Information: 
Most of the stuff described above for the electric motor also applies to the solar car but not 
all (ask me if not clear to you).  The ones that don’t apply above you do not need to address 
in your paper.  Here are additional things to replace the ones you are not doing in your 
paper and also measurements that make sense for the solar car. 

• Flow chart that describes the order of operation (just rectangles and yes/no arrows) 
• Make sure to talk in detail about the transistor which is key to switching the car 

from solar to capacitor power 
• Physical spec’s of the car like mass and footprint 
• Time to charge capacitor bank and compare to calculation of estimated time 
• Measurements to consider for solar car 

o Distance and/or average velocity on a straight away (full sun) 
o Distance and/or average velocity on a straight away (half sun) 
o Distance up Ramp on single charge of capacitor bank 
o Distance up Ramp on only sun 
o How straight it drives 
o Efficiency -> just use capacitor bank, no solar and then can find it using 

following: Eff = (Joules put out)/ (Joules put in) 
 
 

Step 6 (optional): Upload a video of your electric motor to Youtube. 
http://www.youtube.com/user/MenloASR (usr: menloasr@gmail.com  pswd: menloasr123) 
 
Great Explanation Video:  It’s old school (even for me), but damn it’s good! 
http://www.youtube.com/watch?v=OpL0joqJmqY 


