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Partial squeeze-film levitation 
modulates fingertip friction  

Controlling macroscopic friction in vivo
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why does touch matter?
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Courtesy of R. Johansson, Umea University
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the role of shear force
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haptic interfaces
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Controlling forces on the user via manipulandum



5

flickr/ChaochaoX



low friction

ultrasonic friction modulation

6

Watanabe and Fukui, 1995
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amplitude dependency
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vibration modulation
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previous hypotheses : squeeze film

9

Watanabe and Fukui, 1995 
Winfield et al. 2007 
Biet et al. 2007
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previous hypotheses : squeeze film
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near-field acoustic levitation
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structure of the fingertip
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skin

collagen fibers
network

bone

Persson et al. 2013
Pasumarty et al. 2011
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surface topography
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measurement real area of contact
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setup

14
Wiertlewski, M., Fenton Friesen R., Colgate, E., PNAS 2016

t

stroboscopic 
illumination

camera
• 30 kHz resonance frequency

• pixel size of 10 µm

• green light to limit diffusion
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variable friction
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contact mechanics
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squeeze-film levitation
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equilibrium
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relation to friction
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Bowden and Tabor 1939
Persson 2007
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real area of contact
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model vs data
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effect of moisture
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strobing
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light strobe

plate motion
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micro-second stroboscopy
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dynamic of the contact area
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artificial fingers
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Fenton Friesen R. Wiertlewski, M., Peshkin M.A, Colgate, E., Worldhaptics 2015
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alumium core
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Fenton Friesen
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artificial fingers
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influence of damping in the tissues
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friction modulation under vacuum
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lastest hypothesis : partial levitation
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what can we do with it?
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glass plate
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high-fidelity rendering
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• fast non-contact position sensor (8 µm - 5 kHz) 

• 6.25 points per cycle with vc = 250mm/s

• 12 bit dac and linear amplifier

• compensation filters

Daniele
Leonardis

David
Meyer

Wiertlewski, M., Leonardis D., Meyer, D., Peshkin, M., Colgate, E., Eurohaptics 2014.
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vibration of texture
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normal force modulation 
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J. Monnoyer, E. Diaz, C. Bourdin, M. Wiertlewski. Eurohaptics 2016

low friction high friction

Johansson & Flanagan 2009
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normal force modulation 

35
J. Monnoyer, E. Diaz, C. Bourdin, M. Wiertlewski. Eurohaptics 2016. 

falling friction

normal force
0 5 10

0

0.5

1

n=14

normal force

rising friction
0

0.5

1

0 5 10

n=9

no correlation

0 5 10

0

0.5

1

n=5

correlation  p<5%

friction variation (a.u)

Jocelyn
Monnoyer



low friction

conclusion

• Friction carries rich tactile 
information


• Multi-scale model is useful to 
capture the behavior of ultrasonic 
levitation


• ongoing work to understand 
sliding friction force fluctuations


• in vivo friction is messy


• large variability


• multi-physics
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conclusion
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