TAP 415-3: Using an electric drill

An electric drill can be found in most households. Experience the energy the drill uses when making holes.

You will need:

· variable-speed electric drill

· blunt counter-sink drill bit

· scrap piece of wood, approximately 300 mm  15 mm  10 mm

· G clamp, 10 cm jaw

· mains joulemeter (optional)

What to do

Run the drill unloaded, and then attempt to drill a hole, using the counter-sink bit, in the scrap piece of wood. Feel the drill casing get hot. This can only be because of heating in the coils – the way to ‘burn out’ any electric motor is to load it heavily. You might like to wonder why this is. Having the coils not moving past the magnets at all, with the supply still connected, is the best way of all.

1.
Why do the coils get hotter when the drill is slowed, by loading?

2.
When is the drill being asked to provide most torque?

These two are connected – can you see how?

3.
Try another hole. When is the drill supplying most power - when running fast or slowly? 
(Clue: feel the inside of the hole, straight after drilling!)

You have thought about

1.
The current drawn by an electric drill.

2.
The torque provided by the electric drill.

3.
The connections between these two.

4.
The power supplied by the drill.

Safety

Ensure the wood is firmly clamped before starting to drill it.
Practical advice

You will need to make sure that you only alter the speed of the drill by loading supplied through the drill, not by any electronic speed controllers that may be present.

The drill draws most current when run slowly, because the reverse induced emf is least then, as there is little movement of the rotor past the stator so producing a low rate of change of flux. As the pd. across the coils is nearly equal to the applied pd, so the current driven through the coils is large, thus producing a large heating effect that eventually leads to the coils ‘burning out’.

This large current also leads to a large torque being produced: you could argue either from the greater flux from the rotor, leading to greater alignment forces, or deploy F = BIL.

If you have a mains joulemeter it can reinforce the arguments about power supplies to the drill to have it showing the power supplied to the drill at different rates of rotation of the drill.

Alternative approaches

Any motor could be loaded. An electric drill is at least a realistic choice, and is useful elsewhere.

External reference

This activity is taken from Advancing Physics chapter 15, 330P

