3314ENG Power Distribution and Storage

FLYWHEELS
Experiment 5
Time : 3 hours

Equipment
Flywheel apparatus
5A DC power supply
3A DC power supply
Wattmeter
Preliminary
• Answer questions 1 and 2.
Introduction
Flywheels can be used as a means of storing energy. This energy may come from solar
cells, wind turbines or other renewable sources of energy. The energy may then be utilised
when the renewable energy source can no longer supply the demand, ie nightime or a
non-windy day. Flywheels can also be used for energy balance of non-renewable energy
generators. Peak demand can be supplied from flywheels using energy stored during nonpeak times. This means less non-renewable generators would be needed. Power utilities
also use flywheels to stabilise the grid frequency. As demand on the grid increases the
frequency of the grid can sag and vice versa. Flywheels can be used to generate power to
reduce load on the generators when instantaneous demand increases, thus allowing the
generators to maintain speed and therefore frequency. The used energy can be returned
to the flywheels when demand decreases.
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The kinetic energy (KE) contained by a moving object is well known and can be described
by the equation

KE =
where

1 2
mv
2

m = mass of the object
v = velocity of motion

It is obviously difficult to store energy in a moving body where it is moving in a linear
fashion. Clearly spinning or rotating the object allows the body to store energy without
going anywhere. The energy equation can then be modified as

KE =
where

1 2
Iω
2

I = moment of inertia
ω = angular velocity

Calculating the angular velocity is simple but the moment of inertia is dependant on the
shape of the object being rotated. It is a function of the mass of the object at a given
radius. Figure 1 shows examples of moments of inertia for a number of different objects.
It is common that our flywheel may not conform to a common shape from above. In this
case we will need to calculate the moment of inertia. Let’s derive the moment of inertia for
a simple disc.
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Figure 2. A rotating mass
Consider a simple rotating point mass. The moment of mass is simply the mass times the
radius ( rm ). Multiplying the moment of mass by the radius gives the second moment of
mass, or the moment of inertia as we more commonly call it r 2 m .
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http://www.vectorsite.net/tpecp_04.html

Figure 1. Moments of inertia for various shapes
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Figure 3. A solid disc represented as thin cylinders.
When we consider a solid disc we break it down to thin cylinders of thickness δ r . Each
cylinder has mass of δ m where

mass = δ m = 2π rbδ r ρ
where ρ is the density of the material
To get the moment of inertia we need to multiply the mass by the radius squared as we did
for the point mass above.
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δ I = 2π rbρδ r 3
As normal we can then reduce the thickness of the cylinder to zero and thus replace the δ
with a differential.

dI = 2π bρr 3dr
We now just need to sum all the cylinders that make up the disc, remembering that they all
have a different radius. This is of course can be done with an integral.
R

⎡⎣ r 4 ⎤⎦ 0
⎡⎣ R 4 − 0 4 ⎤⎦
I = ∫ 2π bρr dr = 2π bρ ∫ r dr = 2π bρ
= 2π bρ
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This equation can be simplified by realising that the total volume of the disk is π R 2b and
I = π bρ

thus the mass (M) of the disk will simply be ρπ R 2b . The moment of inertia for a disc is
therefore

MR 2
2
Applying a similar approach to any shaped flywheel can reveal the moment of inertia.
I=

Q1 Calculate the moment of inertia for the flywheel to be used in the lab. The dimensions
are shown in figure 4. The density of stainless steel is 7800 kg/m3 and aluminium is 2600
kg/m3. What will be the energy contained by the rotating wheel at 3000 RPM.
Q2 Assume a domestic household , equipped with a solar PV array, normally uses 12kWh
of electrical energy in a 24 hour period. Design a flywheel system that could power the
household through the evening where the solar system produces no power. State all your
assumptions. Assume the generation system connected to the flywheel, and the flywheel
itself, is lossless.
150mm
50mm

Steel axle

Aluminium hub

Stainless steel flywheel

19.7mm

190mm

100mm

25mm
Figure 4. Section through the laboratory flywheel
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The Experiment

WARNING:
This experiment uses a flywheel spinning at high speed. You should under no
circumstances attempt to touch the flywheel or introduce any object near to the
flywheel.
Motor/generator

24V 5A
supply

8V supply

Figure 5. The flywheel control panel
Energising and de-energising the Flywheel
The efficiency related to energising a flywheel may be related to the rate at which the
energy is transfered. The aim here is to measure the energy required to energise the
flywheel at a number of different rates.
•Connect the flywheel to the control box and connect the power source to the control box
via the energy meter.
•Set the current limit on the power source to 4A. (To set the current limit you should keep
the voltage on the power supply set to 24V, turn the current limit knob to zero, place a
short circuit across the power supply output and adjust the current limit up until the current
meter shows the desired current. Disconnect the short and the supply is ready to use. )
Reset the energy meters and start a timer, as you switch to drive, to record the time as you
energise the flywheel to a state where the rotational speed is constant. You should make
regular recordings of the voltage, current, energy and RPM over this period. Plot your
results.
•Now that you have the flywheel energised you should draw the energy from it via the
dummy load. Reset the energy meters and select the maximum available load (all 3
switches on). Select generate and record the voltage, current, energy and RPM at regular
intervals whilst the flywheel slows. Plot your results.
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•Repeat the above energising/de-energising process for another current limit setting (3A),
and dummy load settings (1 switch).
•Finally run the flywheel up to maximum speed (4A) and then switch to the central setting
(between drive and generate) so that the flywheel is free-wheeling. Record the RPM
versus time as the flywheel slows and thus calculate the energy loss over time due to
bearing and air-drag losses. Plot a graph of energy loss per time versus RPM so you may
demonstrate the loss due to drag at different RPM.
Discussion
Your report should discuss the performance of the flywheel with respect to efficiency and
losses. You should plot your data wherever possible to demonstrate your findings. You
should also discuss any other parameters or findings you think relevant.
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