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Abstract— Whilst common in devices ranging from smart-
phones to game controllers, vibrotactile feedback has generally
been limited to providing a uniform sensation across the whole
of a tactile surface. This work-in-progress project considers
a method for increasing the resolution and controllability of
vibrotactile feedback in electronic devices using the principle
of particle jamming. This technique proposes that integrating
a connecting membrane of adjustable transmittance between
a vibrating source and a users tactile receptor can increase
the spatial resolution of felt vibrations. The paper gives an
overview of the physical principles behind this new technology
and discusses the major features of a working, proof-of-concept
prototype. Some early observations of the effectiveness of that
prototype are presented as well as a programme of the work
that will be undertaken to extend this concept further.

I. INTRODUCTION

Particle jamming, the physical effect of compacting, and
thus stiffening, a viscous body of particles has known appli-
cations in the design of haptic devices. The body of particles
can be made to react differently to physical stimuli such as a
users touch, making it possible to dynamically control tactile
sensations in the same area of a surface. One such sensation
is the vibrotactile response, commonly employed in video
game controllers and smartphones, in which a computer-
controlled device vibrates to convey a physical signal to
the user. This project, which is still in the early stages
of execution, combines the known principles of using an
array of jammed cells to create spatial resolution in a tactile
display with that of using jammed particles to dampen felt
vibrations. In this way, the devices vibrotactile response
can be concentrated in a particular area or areas. This has
applications in tactile displays where localized vibrations
can be used to present information to a users touch, and in
telerobotics where joysticks and even wearable gloves and
vests can use spatially differentiated vibrations to convey
information about a robots state, surroundings or actions.

II. RELATED WORK

Particle jamming is an active area of research in condensed
matter physics. The jamming of particles in a fluid is
regarded as a physical phase transition [1] and refers to a
state where the particles that make up that fluid are packed in
such a way that they are physically connected to all adjacent
particles. Jammed fluids are, by definition, slightly denser
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than the same material in a loose or unjammed state and this
leads to many changes in their properties, such as increased
viscosity and stiffness. The fact that these changes can be
controlled with relatively simple apparatus gives rise to the
use of jamming in a number of engineering fields, including
robot grasping [2] and haptics.

Particle Jamming in Tactile Displays. One area in which
particle jamming has been shown to have great potential is in
the development of large-area, low resolution tactile displays.
Here, a soft cell filled with small particles can be hardened
by evacuating the air from each cell, affecting their stiffness
and by extension, resistance to the users touch [3]. Since
these cells operate independently of each other, they can be
built up into an array in much the same way as the pixels in
a visible light display [4]. Examples of such tactile displays
have been used to control medical robots [5] and as sculpting
tools [6].

Large Format Vibrotactile Display. This same principle
has also been applied to create a large-format wearable tactile
display [7]. Here there is no spatial resolution or variable
damping provided by the jammed fluid, but it is instead used
to transmit vibration uniformly to a large surface area and
conform to the complex geometry.

Wearable Haptic Devices based on Jamming. Jamming
has also been applied to more conventional wearable devices
to provide kinesthetic feedback. By placing pads of jammable
particles along a users finger, a resistive force can be created
to give the impression that the user is grasping an object [8].
This principle can be further integrated into the device by
jamming layers of material in the device itself, rather than
packages of particles [9].

III. PRINCIPLES OF OPERATION

As mentioned previously, this project proposes that a
jammable layer consisting of small particles can be used
to vary the vibrations felt by a motor. This effect can be
achieved by reducing the air pressure particles container,
causing them to jam. This jamming effect causes the body
of particles to stiffen, decreasing the motors capacity to
displace itself within the fluid, and thus the amplitude of the
vibrations transferred to the finger pad. By releasing the low
pressure, the fluid returns to its unjammed state, allowing
the motor to move freely again. Splitting this jammable
membrane into numerous adjoining cells allows different
areas of the membrane to be held at different levels of
extension stiffnesses. This concept enables creating a device
that transfers vibrations differently in different areas, using
a single vibrating source.



Fig. 1. Left: Physical schematic showing the key components of the
jamming device. Right: A simple prototype device consisting of a single
jamming cell.

IV. PROOF OF CONCEPT PROTOTYPE

As an initial proof of concept to evaluate this idea, one
cell was produced to enable a rigorous study of the effect
of jamming on the vibrations. This comprises a small, rigid
box to hold the particulate fluid, in this case we use quinoa
seeds of about 1mm in diameter, with a soft silicone touch
pad. An ERM (Eccentric Rotating Mass) vibrating motor
was suspended in this container to provide the vibrations.
This was connected to a fixed level power supply which
ensures that changes in perceived vibration were a result of
the changing air pressure inside the sealed box. This power
supply also allowed more detailed monitoring of the motors
performance in both jammed and unjammed particles.

The low pressure in the device is achieved with a small
vacuum pump and controlled by an electronic pressure
regulator. A secondary pressure sensor was connected to the
output of this to provide an independent pressure reading for
the purposes of logging the systems performance.

V. PRELIMINARY OBSERVATIONS

Whilst it is too early to report on any rigorous user studies
relating to the prototype device, it is possible to present some
initial observations based on informal experiments. These
are based on a very simple exercise activating the ERM
motor and then feeling the finger pad first with the jamming
material at atmospheric pressure, followed by the jamming
material being held at a high vacuum. Firstly, there is an
obvious and near complete reduction of the amplitude of
felt vibrations under vacuum pressure.

Secondly, early tests revealed that the texture of the
particles could be transferred through an excessively thin
or flexible touch surface under vacuum pressure. Whilst not
necessarily a problem in operation, this would invalidate
controlled experiments into the performance of the device.
This was fixed by swapping the 3mm diameter plastic
particles for 1mm diameter seeds and selecting a slightly
stiffer material for the touch surface (shore durometer in-
creased to 50A). The final significant observation is that the

vibrations transferred through the loose particles were not
consistent over long periods of operation. This was due to the
motor being allowed to move through the loose fluid whilst
vibrating. This will be fixed by reconfiguring the design to
put the vibrating source outside the jamming membrane.

VI. DISCUSSION AND FUTURE WORK

As a work in progress, this project is still in its very
early stages and there are a number of avenues for future
development. The proof of concept prototype demonstrated
very clearly that controlling air pressure in a viscous fluid
does affect the amplitude of vibrations transmitted through
that fluid.

This enables future progress in two directions. Firstly, a
robust study into the performance of the prototype needs to
take place. This will comprise both user tests and detailed
measurement to determine clear standards of performance
for the particle jamming system.

Secondly, a programme of hardware development will take
place. This will begin with refinements to the single cell
prototype to resolve the issues already observed, followed by
expansion and integration of the revised design into human-
computer interface devices for the eventual control of mobile
robots.
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