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11. Ball Bearing Motor

A device called a “Ball Bearing Motor”
uses electrical energy to create
rotational motion. On what
parameters do the motor efficiency ang
the velocnty of the rotation dependJ |
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It Works!
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Experimental apparatus
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Experimental apparatus
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Max Speed Measurement
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Max Speed Measurement
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Max Speed vs. Current
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Efficiency Measurement
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Efficiency Measurement
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Efficiency Measurement
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Efficiency Measurement
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Efficiency Measurement

A rotational energy

1 A time
output power A (7] 602)
efficiency ~ _\& _ At
=5 =
(T U, -1

Input power A work of
R electric current
= A time

il
too large to be measured
Q U
U U

directly > measure voltage
e d

droponwire! o j=Y%

Ry

A

|11/




ot
Efficiency Measurement
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Efficiency Measurement

A rotational energy

L At
output power A (7 Ji wz) ime
efficiency — \PO At
n = D. = 7
T
INput power ¢ R, (t)  Aworkof
I R "7 electric current
— . A time
-
W df} Ut
e T

#



Efficiency Measurement
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Efficiency Measurement
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Let us go a bit further...
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#1. Magnetic Theory

\\Q, Ta=Z¥, XF,

explanation of rotation: eddy currents in
rollers/axle (several variations)

Kirk T. McDonald. Ball-Bearing Motor, Joseph Henry Laboratories,

Princeton University, Princeton h



#2. Thermal Theory

A 7=Xa

explanation of rotation: local deformations of
surface caused by heating due to extreme

current density E
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#2. Thermal Theory




Which one Is valid In our case?




Experiment #1.

Cylindrical Bearings
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could be different
(different shape >
different deformation)




Experiment #1.
Cylindrical Bearings
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Experiment #2:
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Strong External Magnetic Field (> 1T)
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Experiment #2:

Strong External Magnetic Field (> 1T)
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Which one Is valid In our case?
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Experiment #3:

Deforming the Bearing

power decrease
(greater friction)
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power might increase
(greater normal forces)
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Experiment #3:

Deforming the Bearing
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experiments:

#3: deforming |
the bearing | POWeraeerease | power increase
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Which one Is valid In our case?

experiments:
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ILLUSTRATED CONSTRUCTION & BUILT APPARATUS

amount
of
lubricant

Thank YOU for your attention!

type of
bearings

DETERMINED RELEVANT PARAMETERS
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Measuring Current

* current very large (> 100 A) - cannot measure
directly

> solution: voltage drop on wire > [ = —

&muniil

1.25V drop L
on thick
copper wire!

but: wire resistance R unknown
» too small to be measured directly
 calculation prone to errors

N . S
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Measuring Current

1,25V drop
on thick
copper wire!

> finding wire resistance R:

1. discharge the battery so it sources measurable
current (=100A)

2. measure current & voltage drop simultaneously

3. calculate the resistance R, = % = 0.0041 Q

A
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Importance of temperature change

DALI

LS Frozen fUI dt
AT =
mc
AT = 80°C

but it is also cooled by air

from R, = Ry(1 + aAT):
e, = 4-1073K™1 = 20% resistance change
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R, = Ry(1 + aAT) DAL € Sl= 27.0
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Our Bearings



Calculation of moment of inertia

Inner race

1 - Main inner race
2 - Bearing holder
3 - Flyback wheel holder

4 - Quter race
5 - Flyback wheel
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Small ball bearings




