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The problem

A brush may start moving when placed on 
a vibrating horizontal surface. Investigate 
the motion.
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FirstFirst
observationsobservations
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Simple brush (240 fps) 4



Conversion of vibration into motion
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Outline of the report

Steady forward motion

Forward motion experiments 

Backward motion

Brush optimization

Computer & Theoretical 
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Optimized Optimized 
brush brush 

constructionconstruction
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Different brushes

Variable 
bristles’ length 

Variable 
pitch and 

angle
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Search for the optimal design

No preferred bristles’ direction
Chaotic motion

Unstable construction

Non-uniform load distribution
Strong pitching 

Not identical bristles
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ExperimentalExperimental
setupsetup
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Tripod rotating brush

Mass 22 g

Radius 5 cm angle = 30°
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Experimental setup
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Starting ofStarting of
forward motionforward motion
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Forward motion (240 fps)

Frequency 40 Hz
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Vertical motion of the brush is negligible 15



Permanent heel slippage 16



Brush and heel velocities

Platform
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vertical

Heel
horizontal
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Theoretical Theoretical 
modelmodel
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Static equilibrium
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The platform goes up
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The platform goes down
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Inequality of friction forces
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F+ defines the direction of motion 
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Paradox! 23



Equality of impulses
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Time shift
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Heel velocity
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Steady brush speed
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Theoretical prediction
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ExperimentExperiment
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Nice agreement!
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Velocity vs. angle of bristles

y = 3297x–1.99

R2 = 0.97
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Nice agreement!
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Theoretical prediction
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Nice agreement!



Velocity vs. mass
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BackwardBackward
motionmotion
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Backward motion (240 fps)

Frequency 7 Hz
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Natural oscillations (video 240 fps)

Frequency 7 Hz
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BristlesBristles’’
BehaviorBehavior
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Periodic heel slippage 41



Brush and heel velocities

Platform
vertical

Brush
vertical

Heel
horizontal

Slippage Zones
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SurfaceSurface’’s roles role
“…may start moving when placed on

a vibrating horizontal surface…”
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Oscillating ceiling! 44



Brush goes down
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Brush and heel velocities

Platform
vertical

Brush
vertical

Heel
horizontal

Brush
horizontal
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SummarySummary

47



Main results 48
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