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[ Abstract ]

Investigates application of flywheels in clean energy storage
Converts electrical potential from a power supply to rotational
kinetic energy (KEy ) through electromagnetic propulsion
Converts rotational kinetic energy 1nto electric potential through
induction of electric and magnetic fields (EMF) 1n conducting
colils

Supplies voltage to a light emitting diode (LED). This process
exhibits the functionality of flywheels as batteries

Analyzes relationship between angular velocity and magnitude
of induced EMF with PASCO interface

Measures efficiency of prototype flywheel as a battery with
Arduino code and interface

[ Background ]

A flywheel 1s a mass that 1s capable of spinning 1n order to store
kinetic energy. Often circular, these devices focus mass distribution
the furthest away from center as possible 1in order to generate the
greatest moment of 1nertia, or effectively, the greatest rotational
kinetic energy when spinning, seen by eq. 1 [2]

Later, this rotational kinetic energy can be converted 1nto a usable
current through inductance seen by eq. 2 [5]
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Fig. 1: induced EMF on oscilloscope
screen when flywheel 1s spinning down
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* Power Supply: supplies current to coils;
interchangeable with solar panel or hand
* Diode: clamps circuit to 12 volts so that
does not fry equipment Fig. 2: flywheel apparatus diagram
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* Setup (Fig. 3): The flywheel, coils, reed switch,
and photogate are set up her to collect data

A2 cm flag (sticky note) 1s wedged between
magnets to block the the photogate’s light beam so
that the speed of the magnets can be measured as the

|

flywheel rotates

Fig. 3: flywheel apparatus
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* We used an Arduino to measure an efficiency of 6%, which compares poorly to figures as
high as 90% for large-scale industrial models [3]
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=
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Fig. 5: Arduino sketch
coded by Colin Choudhary

allowing it to
calculate the RPM. It

also calculates RMS

based on measured
voltages.

powerin =

(1000*.5*minertia*pow (speedchange, 2))/9;

1 = totali/vicount;
powerout = rms*i*1000;
efficiency = (powerout/powerin)*100;

led. setCursor(0,0);

lcd. h;L:-( EZ:lPl_QCJ—% + String(efficiency)):;
tlastl = millis();

vicount= 0.

Fig. 4: Arduino circuit diagram

This portion of my
code calculates
efficiency based on
the eq. 3 and 4.

[ Preliminary Results ]
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* Fig. 6 shows our results for
induced voltage (in mV)

superimposed on the angular
velocity of the flywheel (in rad/s) 12 ¢1cm
* By placing fewer magnets on the magnets

flywheel, the induced current was
noticeably less (red and grey)
than that of the flywheel with a
greater number of magnets
(orange and purple)

* Although the angular velocities was similar (see red and purple dotted lines)
between the two, the induced EMF was noticeably less than that of the
flywheel with more magnets (see grey dots compared to orange dots)
presumably due to the lower strength of magnetism

[ Application and Future Work ]

* The basic experimentation here
shows how rotational kinetic energy
can be applied 1n energy storage with
the application of induced EMF
* With an ever-growing
consumption of energy, it 1s more
crucial than ever to 1nitiate
innovative ways to sustainably store
every bit of harnessed energy

* Applying the principles
experimented with here will allow us
to sustainably add stability to our
power grid

Fig. 7: large-scale flywheel battery facility
operated by Amber Kinetics in California [6]
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