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Preface

Soft mechatronics is an emerging field of science and

technology, which focuses on the study of machines

that synergistically combine highly compliant

mechanical structures, electronics and control [1, 2].

It pushes the limits of the consolidated mechatronic

design practice [3], in an attempt to:

• Further increase flexibility and functionality of

state-of-the-art electro-mechanical systems, while

potentially simplifying design solutions [4]. For a

number of important applications, conventional

rigid machines are too heavy, energy-inefficient,

expensive and relatively complex.

• Explore unconventional manufacturing methods,

with the aim of improving parts integration and

reducing assembly complexity [5, 6]. Most mecha-

tronic devices are manufactured by combining

‘‘off-the-shelf’’ components (such as bearing,

gears, and pulleys) and custom machined parts.

However, being composed of a large number of

parts, these complex devices might fail in a

unpredictable way rather than gently degrade

during their functioning.

• Design and produce devices with better safety

properties when interacting with humans [7].

Many industrial systems are designed to be fast

and stiff in order to achieve precise position

control during highly dynamic motions. Such

intrinsically stiff mechanical structures can pose

safety hazards when interacting with unstructured

environments or humans.

A major goal for the field of soft mechatronics is to

develop soft, robust and affordable multi-functional

components that physically interact with the surround-

ing, including humans, in a safe and effective manner.

From an engineering perspective, soft mechatronics

may be envisaged as an alternative design paradigm,

in which flexible mechanisms, stretchable electronics,

soft sensori-motors and power supplies are integrated

to form intrinsically compliant electro-mechanical

systems. These devices and systems are expected to

open up new technological horizons and opportunities,

with potential applications in healthcare, environment,

security, renewable energy, and entertainment. Exam-

ples include wearable medical devices, biomimetic
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robots, environmental monitoring systems, and

energy-harvesting machines.

In their present forms, soft mechatronic devices are

typically compact systems composed of a dense

assembly of elastic mechanical elements or mecha-

nisms, electrical machines, and a variety of sensors.

They are often made with metallic and magnetic

materials. In their futuristic and most ambitious forms,

soft mechatronic devices are solid-state systems

featuring a large number of compliant transduction

elements (namely, sensors, actuators, and generators)

that are highly distributed in space and integrated in

function. They are likely to be made with multi-

functional polymers that can be activated via a number

of different physico-chemical stimuli and feature

deformation-dependent transduction properties.

As a natural evolution of the traditional mechtronic

design paradigm, soft mechatronics requires the con-

current and synergic fusion of models, methods, and

tools from several engineering disciplines. In this

context, the purpose of this Special Issue is to provide a

sample of recent research accomplishments in the field,

with a particular focus on the multidisciplinary

methodological frameworks shared by mechanical

and electrical engineers when dealing with theoretical

or technological issues in soft mechatronics. Overall,

fifteen articles are included, specifically reporting on

current research in soft transducers, mechatronic

systems based on highly compliant mechanisms, and

novel strategies for the effective control of highly

deformable bodies. The aim is to project an insightful

big picture of current trends and future challenges for

the successful conception and subsequent development

of the next-generation compliant electro-mechanical

systems.
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