Let’s Design a Better Electric Motor!	                   
		Name:__________________________

Day One:
Magnets, electromagnets and Forces:
What happens when you push two magnets together? Circle the word (attracts, repels, or neither) which correctly describes magnetic force between the two permanent magnets in a and b.
a)
attracts
repels
neither

			S
N
S
N


b)
attracts
repels
neither

			S
N
S
N


The electromagnet is a “temporary” magnet; it is only a magnet when electricity flows through the wire.  What direction will the forces be between the electromagnet and permanent magnet in each case? Circle the word which correctly describes magnetic force in c and d.attracts
repels
neither
S
N

[image: http://mwvsciencefair.wikispaces.com/file/view/electromagnet-nail.gif/311783796/276x175/electromagnet-nail.gif]attracts
repels
neither
c)

[image: http://mwvsciencefair.wikispaces.com/file/view/electromagnet-nail.gif/311783796/276x175/electromagnet-nail.gif]d)
S
N

Build a motor base!
1. Bend paper clips open and form the open end into a small hook
 [image: ][image: ][image: ]
2. Poke paper clips through the hard foam so they are about 1.5 inches apart. 
[image: ]	[image: ]


Day Two:
Electric Motors and Motor Parts: 
e) Electric motors convert ___________ energy into ___________ energy.
Fill in the names of the three main motor components in f. 

f)
S
N















How does the number of turns and rotor diameter affect the magnetic force?
Number of turns--Circle the rotor in g which will make more magnetic force:g)

	  OR	

5 turns




10 turns


Diameter--Circle the rotor in h which will make more magnetic force: 
	  OR	h)


3/4 inch diameter


1 inch diameter

[bookmark: _GoBack]Build a motor!
1. Connect the battery to the batter leads by snapping the black battery lead cap onto the end of the battery
[image: ]	[image: ]
2. Connect the ends of the red alligator clip wire to the red battery lead and the other to one of the paperclips. Connect one end of the black alligator clip wire to the black battery lead and the other to the other paperclip. 
[image: ]	[image: ]


3. Place magnets on the foam base between the paper clips[image: ]

4. Place the rotor into the loops of the paper clips so that it is centered between the paper clips. Remove the rotor from the paper clips after the 5-second test.
[image: ]
Performance testing: 
To compare the rotors, we will test their performance. In order to test performance we need a performance measure. We will add a load to the motor by fixing small pieces of paper to the end of the rotor and see how much load each rotor can turn. The amount of load the motor can turn is determined by the torque produced by the interaction of the magnetic forces between in the rotor and the stator!


Table 1: Performance Test Data
	test group
	rotor diameter and number of turns
	performance (number of pieces of paper turned)

	A and B
	¾ in diameter loop with 5 turns
	

	A
	¾ in diameter loop with 10 turns
	

	B
	1 in diameter loop with 5 turns
	

	A and B
	custom design
diameter:
number of turns:
	






Day Three:
Rotor redesign: 
Circle the number of turns and diameter of your custom rotor. What are the reasons for your choices?
number of turns:
5
10
15

i)


diameter:
¾ inch
1 inch
1 ½ inch


Remember, we already tested ¾ inch diameter rotors with 5 and 10 turns, and a 1 inch diameter rotor with 5 turns, so try a new combination based on our test results!
Show your motor design to the instructor and explain the reasons for your choices to obtain your custom rotor. Do the performance test again with your custom rotor and record the results in the table above. 


Extra Activity: Rotor Costs and Design Tradeoffs
If the lesson includes the rotor cost and design tradeoffs component, replace Table 1 above with the following:
Table 1: Rotor Performance Test Data and Rotor Costs
	rest group
	rotor diameter and number of turns
	performance (number of turns in 5 seconds)
	cost in $

	A and B
	small loop with 5 turns
	
	

	A
	small loop with 10 turns
	
	

	B
	large loop with 5 turns
	
	

	A and B
	custom design
diameter:
number of turns:
	
	




Rotor Costs and Design Tradeoffs: 
Balancing cost and performance is a large part of engineering design. The amount of material in the rotor increases as we add turns or increase the diameter. As the material increases, the total cost of the material to construct the rotor also increases. If a ¾-inch diameter rotor costs $10 per turn and a 1-inch diameter rotor costs $20 per turn how much does each rotor cost? Calculate the cost of each of the rotors by multiplying the number of turns by the cost per turn and record the costs in the table above.
Suppose a 1 ½ inch rotor costs $40 per turn. How does your custom design compare to the other designs? Why are they different? How could it be improved?
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