16th US National Congress of Theoretical and Applied Mechanics

June 27 - July 2, 2010, State College, Pennsylvania, USA

Plenary Presentation

MECHANICS AND MATERIALS FOR SOFT MACHINES

Zhigang Suo
Harvard University
Cambridge, Massachusetts, USA

ABSTRACT

The convergence of parts of biology and engineering has
created exciting opportunities for discoveries, inventions, and
commercialization. The overarching themes include using
engineering tools to study biology, combining biology and
engineering to invent medical procedures, and mimicking
biology to create engineering devices.

An essential feature of life is to receive and process
information from the environment, and then move. The
movements are responsible for diverse functions, far beyond
the familiar function of going from place to place. For example,
an octopus can change its color at an astonishing speed, for
camouflage and signaling, despite its own apparent color
blindness. This rapid change in color is mediated by thousands
of chromatophores, pigment-containing sacs lying beneath the
skin. Attach to the periphery of each sac are dozens of radial
muscles, innervated directly by the brain. By contracting or
relaxing the muscles, the pigmented sac increases or decreases
in area in less than a second. An expanded sac may be up to
about 1 mm in diameter, showing the color. A retracted sac may
be down to about 0.1 mm in diameter, barely visible to the
naked eye. !

As another example, in response to changes in pH and
concentration of salt, a plant can increase or decrease the flow
rate of water through the xylem. This regulation of flow is
mediated by pectins, polysaccharides that are used to make
jellies and jams. Pectins are long and flexible polymers,
crosslinked into a network. The network can imbibe a large
amount of water and swell many times its own volume,
resulting in a hydrogel. The amount of swelling changes in
response to changes in pH and concentration of slat. The
change in the volume of the hydrogel alters the size of the
microchannels, increasing or decreasing the rate of flow.’

A common lesson in the above examples is that a stimulus
causes a large deformation of a material, and the large
deformation does something useful, i.e., providing a function.
Connecting the stimulus and the function is the material
capable of large deformation in response to a non-mechanical
stimulus. We call such a material a soft active material (SAM).

Soft active materials are indeed apt in mimicking the
salient feature of life: movements in response to stimuli. For
example, an electric field can cause an elastomer to stretch
several times its length. As another example, a change in pH
can cause a gel to swell many times its volume. These soft
active materials are being developed for diverse applications,
including soft robots, adaptive optics, self-regulated fluidics,
and programmable haptic surfaces.*®

In this talk, 1 will describe recent work in my group on the
mechanics of soft active materials. We formulate theories to
answer commonly asked questions. How do mechanics,
chemistry, and electricity work together to generate large
deformation? What is the maximal energy that can be converted
by a soft material? How do molecular processes affect material
response? How can the theories be implemented in commercial
software and make the theories useful to other researchers? The
theories are illustrated with phenomena arising in applications,
drawing on recently reported experimental observations, and
focusing on large deformation and instability. "
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