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why does touch matter?
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the role of shear force
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haptic interfaces

Controlling forces on the user via manipulandum







ultrasonic friction modulation
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ultrasonic vibrations
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amplitude dependency
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vibration modulation

Slow down x4

The green LED shows the vibration amplitude

Light on: amplitude ~2.5um and low friction
Light off: no vibration and high friction



porevious hypotheses : squeeze film
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porevious hypotheses : squeeze film
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near-fleld acoustic levitation
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structure of the fingertip
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surface topography

Sa43365.892nm
50 53969.276nm

-16

18 red: dry 1

| green: dry 2

0l blue: wet 1 _
£ -22¢ ]
@
o 24+ :
o

26 | ]

28 | ]

-30 :

3 4 5 6 7

Persson et al. 2013



measurement real area of contact
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setup
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variable friction
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contact mechanics
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sgueeze-fiim levitation ¢

« small « large

Reynold’s lubrication equation for laminar flow:
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equilibrium

applied
fingertip pressure
p(r) Ps — Pr = Pa
a sin(wt) 5
1 —utug 5 @
NAUYAYE . 4 1 A pS — € Urms — —pO S
/\/\ 47 u?
reaction from squeeze film
support Pr pressure Pqa
fixed pressure pPr
15

10
normalized
film thickness
wftrms |
| initialgap 4
UO/urms 6
— 8
10
0

normalized amplitude o/t ms




relation to friction
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real area of contact
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model vs data
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effect of moisture

Adhesion from moisture

Squeeze film air pocket formation
Amplitude £2um
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strobing

light strobe

plate motion




amplitude :
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dynamic of the contact area
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artificial fingers

ai

rigid skin

Rebecca
Fenton Friesen

backing

alumium core

Fenton Friesen R. Wiertlewski, M., Peshkin M.A, Colgate, E., Worldhaptics 2015



artificial fingers
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nonlinear asperity tips
squeeze film creating gap
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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 1t?
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high-fidelity rendering
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vibration of texture
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normal force modulation

low friction high friction
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normal force modulation
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conclusion

e Friction carries rich tactile
information

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

® ongoing work to understand
sliding friction force fluctuations

® jn vivo friction is messy
¢ |arge variability

e multi-physics
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