TAP 416-2: Building up an alternator

Rotating flux linked to coils

Here you can show how a spinning flux can be used to generate one-, two- and three-phase ac.

A simple spinning magnet provides the flux. Coils placed around the magnet are linked to the rotating flux. A careful study of the induced emf suggests ways to connect these coils to maximum effect.

The activity is set up to provide a sequence of things to show, on the way to the three-phase generator.
You will need:

· bar magnet

· three microvoltmeters

· six 1100-turn coils

· leads, 4 mm

· gimballed bar magnet (Magnaprobe)
· small motor or means of spinning the bar magnet slowly 
A spinning flux

1.
Set the bar magnet spinning slowly. Try to imagine the flux sweeping round with it, much as a lighthouse illuminates a swathe of sea with its rotating beam. Then use the gimballed bar magnet to probe this flux.
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Linking the flux

2.
Now place a coil to link the flux, so that the imagined beam sweeps past the axis of the 
coil, illuminating the inside. Monitor the induced emf. Can you account for the variation of 
the emf with time?
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3.
Now place another coil opposite the first. Make sure that the two microvoltmeters are 
wired in the same sense. Watch the microvoltmeters. Can you account for the emfs?
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Sources of emf in series

4.
Now see if you can wire these two coils in series – just as you would wire any two 
sources of emf in series – to provide double the output.
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Many phase supplies

This now provides a large emf across the two coils. More can be extracted, by placing extra pairs of coils around the spinning magnet. You might try two pairs, and then perhaps three.
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Three-phase ac achieved with the three pairs of coils evenly spaced around the spinning magnet is commonly used in large-scale power systems and car alternators.

Going further

You might like to look at how altering the rate of rotation affects the induced emf. Any expectations?

Remember that you will probably have to change your measuring apparatus – a computer-based oscilloscope might be best.

You might also like to look at the effect of filling the axes of the coils with iron or aluminium bars. Can you explain what happens to the emfs?

You have shown

1.
How a spinning flux can generate an emf.

2.
How to generate emfs that are out of phase by constant steps

Practical advice

The chance to build up a complex electromagnetic machine by stages can show how a few simple principles are sufficient to give accounts of real machines.

Again this is a long presentation, but you should break it up by providing plenty of discussion points around each stage, perhaps focusing on flux flow, linked flux and resultant emf. In this it may be useful to control the rotation of the magnet by hand.

Alternative approaches

You could start with a real machine, pulling it apart to see how the coils are arranged. In any case you will probably need to show a real machine at the end.

Social and human context

Efficient ac generators provide the backbone of the national grid. You might like to relate the goodness of the machine (essentially that permeance and conductance increase in proportion to dimension) to the existence of the grid. The SATIS reading Why 50 Hz? might be used here.

External resource

Why 50 Hz? SATIS 16-19 Unit 25 published by ASE 1990 ISBN 0 86357 13 9

External reference

This activity is taken from Advancing Physics chapter 15, 210D

