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Guest Editorial:
Focused Section on Compliant Mechanisms for

Mechatronics

COMPLIANT mechanisms (CMs), along with soft robotics
devices formed therewith, may be defined as engineering

systems achieving force and motion transmission via the de-
flection of flexible members. CMs have increasingly gained a
strong foothold in the scientific arena owing to their hinge-less
nature, shock resistance, potential single-piece manufactura-
bility, safety in human–machine interaction, minimal mainte-
nance requirements, and adaptability to work in unstructured
environments. In parallel, current advances in the production
of inherently compliant sensory-motor apparatus, as well as
progresses in the development of robust control methods, are
paving the way to practical CM adoption in a large variety of
engineering fields, here including healthcare, manufacturing,
inspection/maintenance, and agrifood. However, by embracing
large deflections as a requirement rather than a design flaw, the
conception and the subsequent physical prototyping of optimal
CMs requires the following:

1) material models capable of dealing with finite deforma-
tions, time-dependent phenomena, and uncertain consti-
tutive parameters;

2) design tools allowing to simulate the behavior of highly
deformable structures;

3) reliable and possibly affordable manufacturing methods;
4) more powerful adaptive learning and control techniques.

Within this scenario, this Focused Section (FS) aims at provid-
ing a collection of contributions provided by material scientists,
robotic/mechatronic engineers, and practitioners from academia
or industry presenting their latest theoretical and technologi-
cal achievements in Complaint Mechanisms for Mechatronics.
Particular focus has been placed on trans-disciplinary method-
ological frameworks, hardware development for real-world ap-
plications, and out-of-lab experiments. Papers presenting newly
emerging fields (such as robotic programmable materials) are
also covered. All accepted manuscripts contain both theoretical
and experimental results in the following areas:

1) integrated design of compliant mechanisms for robotics
and mechatronics;

2) control methods for continuum and reconfigurable robots;
3) computer-aided tools for optimizing adaptive structures;
4) manufacturing methods for soft intelligent machines

(such as additive manufacturing and 4-D Printing);
5) optimization of programmable stiffness mechanisms and

actuators;
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6) architected, functional, and meta-materials for soft
robotics;

7) smart-material-based actuation and sensing systems;
8) stretchable/flexible electronics and power sources;
9) applications of compliant mechanisms in surgical

robotics, manufacturing, extreme environments, and ma-
terial handling.

HIGHLIGHTS OF THE FOCUSED SESSION

Claiming that the Focused Session on Compliant Mechanisms
for Mechatronics has garnered an exceptional response from
both the mechatronics and the robotics community would not be
an exaggeration. A total of 66 submissions have been received,
dealing with several applications of CMs in mechatronic systems
and soft robots. From a terminology standpoint, at the current
state of the art, a consolidated definition of the difference be-
tween a compliant or a soft robotic/mechatronic device is absent.
Within this FS, we have intended that any engineering system
comprising inherent flexibility as a design goal (rather than a
design flaw) may be considered Compliant if it embraces large
deflections (i.e., geometric nonlinearities) during functioning,
although making use of linear elastic materials only. On the
other hand, if the employed material cannot be considered
linear-elastic, but hyperelasticity, plasticity, and time-dependent
phenomena are to be taken into account (i.e., material nonlin-
earities), we may define the application as belonging to the
Soft Robotics framework. Among the papers submitted to this
FS, several manuscripts deal with the applications of CMs or
soft mechatronics systems in manipulation devices or compliant
actuators. Examples are [A1], [A2], and [A3]. A review pa-
per deals with actuated palms for soft robotic hands, whereas
other contributions are related to the design and optimization
of compliant joints for generic applications (such as [A4]).
In any case, despite strict definitions that could end up being
sterile, the excellent outcome of this FS proves that, as of today,
CMs are perceived as an effective solution to several real-world
engineering problems. Finally, we believe that our effort in
collecting novel research results in flexible mechatronics may
represent a first step in bridging the gap between a research topic
most commonly covered by scientists in mechanical engineering
to the broader community of roboticists worldwide.

The success of the FS is surely due to the effort provided
by several people, who have played a crucial role in both
the submission and the review process. In particular, the Lead
Guest Editor would like to express his sincere gratitude to all
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the authors of the 66 submitted papers, for their scientific and
technical contributions, to the four Guest Editors, as well as to
all the TMECH reviewers, for dedicating their valuable time to
uphold the quality of the review process. A very special thanks
goes to Professor Huijun Gao, the Editor-in-Chief of TMECH,
for his strong leadership, vision, and timely support throughout
the process. A special recognition is also extended to Profes-
sor I-Ming Chen, the former Editor-in-Chief of TMECH, for
accepting the Guest Editors proposal, and for his early support
and leadership in the initiative. The Lead Guest Editor, who is
also currently a member of the TMECH Editorial Board, would
like to personally thanks Dr. Kara McArthur, TMECH Managing
Editor, for the endless help and the extremely effective response
to all the Guest Editors’ Queries. Recognition goes also to all the
TMECH Senior Editors, Professors Jingang Yi, Heiki Vallery,
Tomoyuki Shimono, Xiang Chen, Michael Ruderman, Gursel
Alici, Hiroshi Fujimoto, Robert Gao, Marina Indri, Seiichiro
Katsura, Konstatinos J. Kyriakopoulos, Yunhua Li, Kenn Old-
ham, Ya-jun Pan, Nikolaos Tsagarakis, Jun Ueda, Qingze Zou,
and to all the Technical Editors. The work of Giovanni Berselli
was supported by the Horizon Europe Research and Innovation
Programme INTELLIMAN under Grant 101070136.
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