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	Motor Madness

	
	
	

	Make a simple electronic motor using magnetism                                                     

	Subject(s):  Science, Design & Technology
Approx time: 60 mins 
	
	Key words / Topics: 
· electromagnetism
· motors
· electrical components
· applications & implications of science


	Suggested Learning Outcomes
	
	

	· Understand how an electric motor is constructed
· Know that a magnetic field can provide force to rotate a motor 

	

	Introduction
	
	

	This activity was developed with the support and participation of the School of Engineering at Cardiff University (www.engineering.cardiff.ac.uk).
A magnetic field creates a force on charges moving within that field. One of the most important practical applications of magnetic fields is electric motors. These are devices that convert electrical work into mechanical work, in the form of rotary motion. Electric motors are used in a huge variety of applications.
Purpose of this activity

This activity provides an engaging practical lesson where students assemble a simple electric motor from everyday items. This develops understanding of how electric motors function and how magnetism can be used in practical applications.

	
	
	

	Activity
	
	Teacher notes

	The assembly of the motor involves the following steps:
Step 1: Wind the Field Coil

1. Cut about 800-900 mm of varnished copper wire.

2. Wind this around the black plastic tube 10 times, then push it off the tube.

3. From each end, wind the wire around the loop to hold it together.

4. Straighten the ends to form two axles.

5. Trim each axle so that it is about 30 mm long.
Step 2: Make the Two End Contacts

6. Cut about 150 mm of the tinned copper wire and make the shape shown.

7. Repeat this step, as you will need two of these end contacts.
Step 3: Attach the End Contacts to the Battery

8. Wrap the elastic band around the battery. You may need to ‘double up’ the band so it holds tight.
9. Attach the end contacts as shown.

10. Clip the magnet to the case.

11. Using ‘blu-tack’, support the assembly on a work bench so that it is standing up.
Step 4: Prepare the Field Coil
12. Use wet and dry paper to remove the varnish from one side of the axle at each end.
Step 5: Assemble the motor

13. Place the field coil so that its ends go through the loops on the end contacts.
Which direction does the motor spin? Investigate how it can be made to spin in the opposite direction.
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  The instructions for the assembly of the motor, with supporting illustrations, are detailed in the PowerPoint presentation.
Alternative parts can be used:
· Steel paper clips could be used instead of tinned copper wire for the end connections. Care must be taken when cutting steel wire since the cuttings could spring up into eyes, so safety goggles are recommended.

· Any battery will do provided it has a terminal at each end.

· The field coil can be wound (loosely!) on a thumb or on a bunch of pencils.

· The ring magnet can be replaced with a bar magnet, although it is necessary to experiment with its orientation relative to the field coil to get the motor spinning properly.
· Duct tape can be used instead of elastic bands if necessary.
In step 2, the shape of the end contacts can be made by wrapping the wire around the shaft of a small screwdriver.
Step 4 is quite tricky. Students must be careful not to remove all of the varnish, just the varnish on one side. Paper can be placed under the axle to prevent damage to the table top.
Picture of the assembled motor:
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If the motor does not work:

· Check that both end contacts are firmly touching the metal ends of the battery.

· Check that the battery still has charge.

· Check that you have only removed the varnish from one side of the wire on the axle.



	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Wires can be pre-cut to length and the varnish at the end of the lengths used for the coil and axle could be removed in advance.

Coils or end contacts can be provided pre-formed.
	
	Students could carry out the following investigations:
1. Place a radio near the motor, set to ‘medium wave’/MW. Why does the radio crackle? What happens if the radio is set to FM instead?

2. Make another coil, removing varnish from the whole of the axis at each end. Investigate how this changes the behaviour of the motor.
3. Investigate what determines how fast the field coil spins.
4. Investigate how long the field coil will spin if left spinning.

	
	
	

	Resources
	
	Required files                              [image: image3.png]


[image: image4.png]


[image: image5.png]




	Projector/Whiteboard
Components (for each motor):

Alkaline D-cell battery

18 SWG tinned wire (available in 500 gram reels)
27 SWG enamel wire (available in 500 gram reels)

Ferrite ring magnet: 32mm OD, 18mm ID, 5.5mm thick, 1 kg pull

Elastic band

Blu-tack

(Potential sources for these components include http://www.rapidonline.com/ and http://www.first4magnets.com/)

Tools:

22mm diameter plastic pipe (to wind the end contacts)

Thin screwdriver (to wind the end contacts)

Wire cutters (to cut excess wire lengths)
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 Motor madness (Presentation)


	
	
	

	Additional websites
	
	

	· Youtube: Film clip showing assembly of a similar motor (https://www.youtube.com/watch?v=5BQxAMFdRq8).
· Instructions on how to manufacture a similar motor can also be found at https://gb.education.com/science-fair/article/no-frills-motor/ or https://www.wired.com/2016/01/how-to-build-a-super-simple-electric-motor-out-of-stuff-you-already-have/
· Explainthatstuff: Explanation of how an electric motor works (http://www.explainthatstuff.com/electricmotors.html ).

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· Think of as many everyday items as possible that rely on electric motors for their operation

· ACTIVITY: Engineers can read your mind
Main (Options)

· ACTIVITY: Magnet Madness 
· ACTIVITY:  Medical imaging
	Plenary

· Opportunities within activity for presentations and peer/self assessment of assembled motors
· Reflection on Objectives and PLT skills used


	The Engineering Context    

	· Applications of magnetism


	
	
	


	Curriculum links 

	England: National Curriculum 

Science 

· KS3 27h, 37a, 37d 
· KS4 Magnetism and electromagnetism
Design & Technology 

· KS3 4a, 4c
GCSE

AQA Engineering 

· 3.3.2

AQA Design and Technology

· 3.1.4

Edexcel Design and Technology

· 5.2.3

Eduqas Design and Technology

· Electronic systems, programmable components & mechanical devices / 1. The sources, origins, physical and working properties of the material categories or the components and systems, and their ecological and social footprint / Output components / motors

OCR Design and Technology

· 6.4 b iii

AQA Physics

· 4.5.1.2, 4.6.2.3, 4.7.1.1, 4.7.2.1, 4.7.2.3

Edexcel Physics

· 5.23, 9.1a, 12.1, 12.3, 12.10, 12.11, 12.14P

Eduqas Physics

· 6.2a, 8.1a, 8.2a, 8.2e

OCR Gateway Science Physics A

· P4.1a, P4.1e, P4.2a, P4.2d

OCR Twenty First Century Science Physics B

· 1.1.10, 3.5.1, 3.5.5, 3.6.1, 3.6.4, 4.1.3

AQA Combined Science: Synergy

· 4.6.3.4, 4.6.3.6

AQA Combined Science: Trilogy

· 6.6.2.3, 6.7.2.3

Edexcel Combined Science

· 5.23, 9.1a, 12.1, 12.3, 12.10

Eduqas Combined Science

· 8.1a, 8.2a, 8.2f
OCR Gateway Science Combined Science A

· P2.2a, P3.3a, P3.3h, P3.3k
OCR Twenty First Century Science Combined Science B

· P2.1.1, P3.5, P4.1.2

	Northern Ireland Curriculum
Science

Developing pupils’ Knowledge, Understanding and Skills

· Learn about forces and energy / using electricity 

Technology & Design

Developing pupils’ Knowledge, Understanding and Skills

· Manufacturing – selecting and using materials fit for purpose; safe use of a range of tools and processes appropriate to materials, demonstrating accuracy and quality of outcome; 

(Objective 2) Developing pupils as Contributors to Society

· Explore technical inventions and designs that have met a social need cost-effectively

	
	Scotland: Curriculum for Excellence

Sciences

· SCN 4-09b

Technologies

· TCH 3-05a

	
	Wales: National Curriculum

Design and Technology

· KS3 Skills (Making 1, 2)

· KS3 Range (Systems and controls 16) 

Science

· KS3 Range (How things work 3)



	
	


	Assessment opportunities

	Review of assembled motors

	
	
	

	Personal, learning & thinking skills (PLTS)

	· Independent Enquirers
· Effective Participants


