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in technical aspects as connected witheativity
social aggregatioin a wellidentified technicalscientific community
alsothanks to theMEDER conference initiative

central role of Mechanism Design
by considering purposes of assistance, support, or replacement of human operators
with mechanical functional characteristics in motion and force.

In research activities irtheory, design, application, and technology transfer
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AThe Laboratory of Robotics and Mechatronics (LARM) was founded in 1990 in Ca
ASince March 2019 it is in Rome University Torvergata

AThe aim of LARM2 is to develop experience, teaching, and research in the fields c
Automation, Robotics and Mechatronics with main focus on aspects of Mechanica
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the activities at LARM2 in Rome are planned
on topics and systems for collaborations

In research and joint student formation

Special interests on Service Robotics, Medical Devices,
Mechanism design, History of (mechanical) Engineering
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Fig. 1. General structure of modern mechatronic sys

A Whatever Electronics, Informatics, Telecommunications and so on, will be

enhanced and expanded in Mechatronics Technology, Mechanical Design

be always needed

A since a woman/man always lives and interacts with the environment on the

basis of mechanical phenomena of the human nature

<
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Mechanism:system of bodies
designed to convert motions o
'tSH‘d forces on, one or several
IIbodies Into constrained
motions of, and forces on,

other bodies.

today machineswith mechatronic design and operation that
it is often believed with performance not depending on mechanical aspects

It is indeed true that
Amechanical components can be less and less

Aeven with reduced influence on the overall mechatronidesign




Fundamental role of Mechanism Design In robotic device

An examplephotocamera

19602000 Mechanics % Electronidsfcs%

CAR 90 - 50 10 - 50

CALCULATOR 1000 0 - 9o Future:voice command; & digital zoom
But focus depends on distance and

CAMERA 100 - 30 0-70 shoot time depends on image velocity

Mechanism Design (even with ergonomic features)
Adandling the camera (also mechanism structure for fixed positioning)
AOperating the camera (push buttons)

An example: a

« B '
“o

anosolenoidirive

25kV X9,500 2pm

description

application

Constant-velocity one direction
displacement

Constructing a
nano-solenoid

Static action (pulling and pushing)

Inserting nano-

in steady configuration parts
Continuous pushing (or pulling) Transporting
while moving in one direction with parts

constant velocity

Alternate motion

for vibration
generation

Alternate pulling and pushing

Force
transmission to
nano-arts




An example:
Industrial robots

Examples of mechanism designs in grippers and fingers for artificial hands

Fig. 5. Examples of leg mechanisms in walking robots



wInnovation can be started whentachnical idea or solution has potentiaontents.
A initiators of innovation are designers or scientists with engineering skills,

A main exploiters are business experts or enterprise leaders, for market
valorisationand wusersd acceptance.

wnovel ideasbut mainly when the knowledge transfer
NEI OKSa adzOOSaa¥dzt t e UKS. NBI ¢ g 2
oa sequence of skillsvhen just one is weak or fails, the whole transfer process will fai

AScience and Technology are the fundamentals,

ubut Economics and Administration are the motor§c'entIStS Designers

& Inventors
creativity novel
design &
development

Poare ) (_ Siveriee D Stake-holders

personal ™ personal "~/ & Vendors

vision / experience /

Entrepreneures
& Manufacturers

; ‘nrprlse
valorlatlon exploitation

problem
understanding

design
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- usage &
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== [nnovationmeaning s>
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Users & Public
Aand Educatlon and Publicity are final tools of Innovation.

AJniversity frames in fundamentals and final tools
Education and Formation are essential areas both for conceiving
new ideas and preparing users to the acceptance of those new ideas.



Challenges in Mechanism Design for Robotics

— mainly in the following topics:

creativity A

v personal N/ - personal \ . A
. culture JN expertise 7N\ A
\_/ personal ~ , personal ~ / A
. “_ vision ./ . experience A
problem design A
understanding skills A

- 'H l'.__.-""-_“ _.‘..H l’.".

| intuitiun> {maginatior}n A
_Innovation _ A

Fig. 2. Concepts for creativity producing new
solutions (innovation)

3D Kinematics and its application in
practical new systems and design
methodologies

Modelling and its mathematization
Multi-d.o.f. multibody systems

Spatial mechanisms and manipulators
Unconventional mechanisms

Solutions for new service applications
Mechanisms at different sizes (from nan
scale up to large platforms)

Mechatronic designs with well integratiol
and synergy of all components of differe
nature

Reconsideration and reformulation of
theories and mechanism solutions



4. Trends for Mechanism Design in Robots

new problems can be 1dentified for new solutions in :

¢ topological mechanism structures, for new enhanced designs
¢ materials, for better mechanical design and environment interaction
e (ribology issues, for reduction of wear and longer accurate functioning with limited friction

e energy sustainable solutions, for better attention to energy saving and recycling of wasted
components

e contamination free conditions, for considering environment influence of operation and
manufacturing of mechanisms

The short above lists want to mdicate that

both new issues and reconsideration of existing solution and past experiences,
even with more subjects,

will be the focus for the challenges in the future mechanism design for robots

within increased mechatronic evolutions



Mechanism Design for mechatronic systems

Robotics has shown Innovation challengesand potentialities since the early days and
nowadayss well recognizedhe impactthat any further achievementn Roboticscanhave
onthesocietyimprovementdothin productionaspectandin diary life quality.
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Marco Ceccarelli

Research Activigyprototypes at LARMZ. oo
Mechanism Design, Robotics, medical devices, il
History of MMS

Underact&compllant

- 1

HEXAPOBIind
1 (_/ﬁ Headband with IMU sensor‘

Torso box with IMU sensor ‘

Wristband with heart rate, skin
conductance, and IMU sensors

y R YdzOK Y el
with students and mternatlonal collaboratlons



workspace ofmanipulators
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Fig. 4. A scheme for generation of the workspace of manipulators: a) using Direct Kiner
in outward and irwvard algorithms; b) from generating loci in Descriptive Geometry base
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workspace oparalleimanipulators

Fig. 5. A scheme for workspace generation ot a 3RS parallel manipulator: a) the sequence of

limb motions; b) a general topology of the generated workspace @
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T
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ig. 4. A scheme for workspace generation of a 3RS parallel manipulator:

a) thesimultaneouslimb motions; b) general topology of the generated
workspace as intersection of spheres




humanoid robot as based on mechanism desmn

shoulder base
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Fig.6. LARMbot humanoid design, {li€): a) inspiration from the human musculoskeletal anatomy; b)
tripod architecture for limbs; c) seriplarallel mechanism for the torso; d) a CAD design of the full ass




LARMbot Humanoid

Humanoid robot _
size
structure
l leg torso arm shape
mechanisms "
nec motion
actuators —‘ hand range &
head planning
SENSors
l human-like motion capacitiy
control
flexibility
power ]
source ‘ payload & actions autonomy

Fig. 7. A scheme for modular
design of LARMbot
humanoid: a) general
functionality; b)
mechatronics solution

hands

feet




UNIVERSITY OF ROME TOR VERGATA LARM2: Laboratory of Robot Mechatronics
Department of Industrial L a
Tor Vergata

LARMDbot humanoid robot

Figura5: LARMbot humanoid robot:
substructures under development for dual arm unit,
torso unit, and leg unit



CADEL design for elbow motion assistange! design in 2017

low-cost, easy wearable, low poweonsumption userorentedoperationX

hardware equipment arm
& a!rm
rNNg | .as=== _
software manager | bending.
device || medical extension
a?t P|K senlsors senlsors 3 @)
motion| | force
elbOW fpreegrlr) )
. c ring in N
articulation forearm
(b)

motion guidance in
exercising and
rehabilitation

portability | |confort|| €asy-usage

Narco CeccarelliLuciaFerraraand Victor Petuya, Designof a cabledriven devicefor elbow rehabilitation and
beercise, )In: Interdisciplinary Applications of Kinematics, pp. 61-68, Springer AG 2019 Cham 2019
https://doi.org/10.1007 978-3-030-164232_6



Modelling and computationsor motion planning
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Motion assistingdevices

Figura’: Prototypes of motion assisting devices: €JADELr.v3, [6]; b) ASSFEE.v3, [7]
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Continuummechanisms

Camera Coagulation tool

Saline
delivery

Forceps

Figura 9: Continuumrototypes a) 3D printednonolithiccontinuum
robot, [10]; b) aconceptualdesign forgynecologicalissuesampling, [11]
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Mechanisms imastdesigns angrocedures

FiguralO: Examples of findings in history of MMS:

a) stored mechanism models in Bologna, [12];

b) a scheme of the Betacourt mechanism synthesis in 1789, [13],
c) a CAD reconstruction of a Vitruvian crane, [14]



First robots

Concepts

In the lliad, (ll. 18.3691 377). Hephaestus building a number of
wheeled tripods capable of moving by themselves back and
forward serving food to the gods (ll. 18.3691 377).

In the Odyssey, (Od. 7.781 94)., two guardian -mastiffs made of gold
and silver, by Hephaestus, were the doorkeepers of the magnificent
palace of King Alcinous in Phaeacia. invulnerable against assaults

In the lliad, (ll. 18.4101 422)., Hephaestus was usingt wo i f e ma l
robots as personal assistants , who supported him with his work in
the forge and ohad VOl




Examples of ancient robot designs

a) Chinese mechanical cow from
the 5th century BC,;

b) b) automatic opening system of
Heron of Alexandrla doors of

e T e =
] AR .:__--__wu; = ,l’fﬂ —_—
- R = f A
: Fig. S5a.




Examples of robot designs & their inventors

Mariano di Jacopo (il Taccola) Francesco di Giorgio Leonardo da Vinci
(13817 - 1458) (1439-1501) (1452-1519) |

Ez‘cféﬁllk’ yebtimone _' £

Theory: machine/robot elements

prominent Renaissance figure mﬁ;ﬁ"iﬂ“ﬂb’f‘"’ f]?q -"LJM
Kor polyhedral activity A o S
Ahowing a modern character of scientist R

An accumulating experience and dissemination knowledge. = =fis %ﬁ‘::

o~



Examples of machines and their inventors

T ;

Frg () 1~

T

James Watt

! III ';I'. - . . . -
/I | First efficient application of Thermodynamics|
)| with its circuits , but thanks mechanisms

Fig. 2 Past innovation with Watt mechanism:
a) early kinematic study of kinematic properties in the book by Lanz and Betancourt in 1808;

b) applications for locomotives (top) and industrial plants (bottom) in the book on Composition of Machines by G.A.
Borgnisin 1818.



xamples of machines & their inventors

LW
ML

CHEBYSHEV MULTIPLE-BAR WALKING
611 MECHANISM
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The lengths of the links comply with the conditions:

AB, = BiC = BiMy = ABy = Byl = BoMy = AyBy =
=850, z_BgMa ="'_A-: 4 -__"_54451 = ByMq = |
AC! = AC' = AL = ACi = 0.355

AgAy = A;Ay = C'C; = 0.634
The mechanism consists of four identical Chebyshev lambda-
shaped parallel motions: C'A;B5,C, C'AaB,C, CiA3B4C, and
Ci/f,,B‘Cl. Together with cranks 7 and &, links. & and 6 form
parallel-crank linkage A1 AgAgA . 1f frame 9 is fixed, then
points My, My, M, and M, describe connecting-rod curves of
a shape resembling curve a-a and having an approximately Very early
straight portion b-b which corresponds to rotation of cranks 7
and 8 through an angh; of 180°. Secfured rigidly to link 10 are .
“feet” [ and 4, and to link // are “feet” 2 and 3. If frame 9 I I
is moved in rectilinear translation from the position shown in te e-manlpu ator
the drawing in either direction, then, while points M, and M,
remain on their straight portions of their relative paths, “feet” / .
and 4 are stationary and “feet” 2 and 3 move along the direction
of motion of frame 9. At the moment that poinis M, and My n r O O eVS I
leave the straight portion of their paths, points Mg and Mg .
begin the straight portion of their paths. At this, “feet” 2 and 3
will be stationary and “feet” [ and 4 will move along the
direction of motion of frame 9. Thus the mechanism seems fo . 10. 1905—21 9 1977)

reproduce the motions of the legs of an animal.

Pafnutii Livovich Chebyshev
(1821-1894)



