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1. Fly Wheel Proposal

This investigation considers the option of replacing battery wall storage power unit with a fly wheel
spinning reserve, as recently suggested by Evan Pryor. Batteries are considered problematic because they
have been known to catch fire, have a limited life span, and can be expected to suffer from technological
superseding. Flywheels on the other hand are well known technology and should have a very long service
life - albeit at a higher initial capex.

2. Assumptions

2.1) Some current wall storage units have a nominal capacity of 3.6 kWh. To replace this unit with
equivalent spinning reserve will require an undefined electro/mechanical input and output. We
assume this includes 15% efficiency loss to the storage requirement increasing the capacity to
4.14 kWh. An alternative consideration is the Tesla wall unit quoted with 6.40 kWh of capacity and
marketed as a substantial domestic standby capacity unit (together with a second unit in reserve).

2.2) The conversion from kWh to Joules is 1kWh = 3.6e+6 Joules and 4.3 kWh is equivalent to
15,480,000 J

2.3) A possible fly wheel design is a rotating wheel with most weight on the outer solid rim and
includes a smooth inner hub attaching the rim to the axle. This is a similar design to a gyroscope
wheel, and broadly described as a Torus for purposes of calculating the moment of inertia.

2.4) Weight in the outer hollow rim can be increased by filling it with heated mercury before sealing the
feed hole. As the mercury cools it will induce a reduced internal pressure thereby assisting with the
hoop strength of the Torus ring. The cited vapour pressure for mercury at 42 oC is 1 Pa. To
maintain rotational balance in this system, the mercury is fed through a hole in the centre of the
support axle which is linked to the Torus void. The Hg vapour void remains in the axle and has no
influence on the fly wheel rotational stability. This option is not further considered here, but is
worthy of study using finite element technology.

2.5) An alternative design is a hollow cylinder (cylindrical shell) rotating around a central axis. This has
the advantage of being able to increase the storage capacity by lengthening the shell without
significantly changing the hoop stress.

2.6) Assume the maximum rotational speed for the fly wheel is limited to 10,000 rpm. Converting rpm
to rad per second: 1rpm = Pi/30 Rad/s, so 10,000rmp = 1,047 Rad/s

2.7) A minimum safety factor of 3.0 times is considered appropriate and is relevant to the maximum
yield stress derated to 60% of yield stress to account for the anticipated drop due to fatigue stress.
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Torus - Exhibit 1.

Table 1.

3. Calculation

3.1)  Rotational kinetic energy is given by
KE=½(1t+Id)ù2 (Joules)

Where 1t is the Torus moment of inertia = m/4(4a2 + 3b2) about a central
axis, and “m” is the mass of the Torus, “a” is the radius of the tube and “b”
is the cross sectional radius. Where ù is angular velocity in Rad/s.

There is also a flat disc connecting the Torus to the central axle hub. This
disc element has a value of Id = ½×m×r2 where m is the mass of the disc
and r is the radius.

For the thick walled cylindrical shell option the moment of inertia is given
by Ic = ½×m×(a2 + b2) where a and b are the inner and outer radii respectively.

3.2) Disc structural safety is controlled by the “hoop strength” along the rim. This is calculated from:
ót = ñr2ù2

where ót is the tensile strength on the rim of the cylinder in MPa for SI units.
ñ is the material density of the cylinder, r is the peripheral radius, and ù is the angular velocity.
The safety factor is the ratio of hoop strength to the derated tensile yield strength for the selected
material. In this exercise we have chosen Steel AerMet 340 with yield strength of 2160 Mpa.

3.3) The results for the nominal 3.6 kWh unit with two different geometries show in Table 1.
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4. Table 1. Interim Conclusions

4.1) Table 1 shows the basic unit can supply the required storage capacity of 4.24 kWh when spinning
at 6,400 rpm and includes a safety factor of 3.0 times. This unit weighs 974 kg.

4.2) The alternative design unit spins at 5,400 rpm while maintaining a safety factor of 3.07. This unit
weighs 1,365 kg and can store 6.925 kWh, some 63% more than the base unit.
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Table 2.

5. Cylindrical Shell

A cylindrical shell design is commercially available from http://www.power-thru.com/ showing a cut
through section of the unit, Exhibit 2:

Exhibit 2.

Two simulations for the cylindrical shell show in Table 2:
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Exhibit 3.

Exhibit 4.

6. Table 2. Interim Conclusions

6.1) A safety factor of 3+ is maintained, for our design requirement, with a heavier 1.184 kg shell
rotating at 7,000 rpm

6.2) A cylindrical shell allows for an axial extension to increase the storage capacity, without drastically
increasing the hoop stress.

6.3) Increasing the rotation speed to 10,000 rpm and the weight inline with option #2 at 1,334 kg,
increases the storage capacity to 6.13 kWh, some 39% ahead of the base unit.

7. Bearing Loads
The gyroscope places extra stress on the bearings when the axis of rotation is not
parallel to the earth’s axis of rotation. In Brisbane this would require the axis to
be pointing N/S and inclined towards the south by 63 degrees from the vertical,
Exhibit 3. Bearing friction can be reduced to very low values by using magnetic
bearings.

8. Housing Considerations
A rarefied gas surrounding the fly wheel will reduce friction losses. The gyrobus
unit, Exhibit 4 used low pressure hydrogen with the unit placed in a vacuum
sealed steel casing.
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