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Today’s Agenda :

Introduction to Soft Robotics

S f b . sl Materials for machines
®
oft robotics Metals and alloys Biological tissues
Glasses
Plastics l
Bones Elastomers l
* Actuation e
Cartilages
° Sensation Skins and muscles
Brains and spinal cords
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Actuation

Soft Actuation

e Soft actuators

* systems that are compliant and flexible
* Can used for shape changes, joining and locomotion

e Stimul1 for soft actuators
e Fluidic
* Electrical
 Themal
e Chemical
* Magnetic



Actuation

Fluidic




Actuation

Fluidic — Festo

Bionic Handling Assistant




Actuation

Fluidic — Festo

Bionic Handling Assistant




Actuation

Fluidic — Festo

BionicSoftArm from Festo with seven pneumatic actuators

.terface for different
grippers

‘llows with

3D textile
knitted fabric

-Ieumatic rotary drives

‘..i'.l?heumalic
bellows
segment

. Safe hose
routing




Actuation

Electrical — Festo

Bionic E-Trunk

Good mobility thanksto 12 g
own weight with highest 3
force-to-weight ratio. ST e, Inspired by nature

Electrical impulses cause
contractions of the muscles
in the trunk.




Actuation

Electrical

Function principle of the
Shape memory alloy wire:
Triggered by the electric

current

Electrical

impulse

(A) cold: expands

(B) warm: contracts




Actuation

Electrical

3D printed photopolymer skin

,— Photopolymer skin carrier

Superelastic rod
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of the shape memory y

alloy wire bundle {SMA)




Actuation 11

Electrical
2"d Sungkyunkwan hexapod robot (S-Hex Il)

Body

Soft
Actuators
(5-DOF)

Foot < Weight: 20 g
150 mm x 54 mm x 55 mm (L x W x H)

Overall design, mechanical components and prototype of the S-Hex Il robot

Nguyen et al., 2017
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Electrical

Dielectric elastomers actuators
(DEA, I3 K AT 32)
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Electrical







Actuation

Haines et al., 2014 |
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Chemical - Octobot
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researchers crafted the octobot’s
exterior out of silicone



Actuation

18

Chemical - Octobot

Fuel inlet Fuel Soft Oscillator
e reservoirs controller

Soft
controller

Pt reaction
chambers

inlets check valves valves check valves

orifices Upstream Pinch Downstream

Reaction
chambers



Actuation

Magnetic
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Sun et al., 2022
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Magnetic

experiment
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Electromagnetic coil -

Sun et al., 2022



Actuation

Mechamisms of Actuation
1. Variable Stiffness & K| &




Actuation

Mechamisms of Actuation

2. Mismatch Strain £ 51 T

* Central principal 1n the operation of unimorph acturators
* 3D change of shape in heterogeneous materials

|
EXPERIMENTS % g REDUCED ROD MODEL 0 Shape memory alloy wire
' ) Triggered by the electric

current

V

Electrical

: l /
impuise /
! >
/

(A) cold: expands

(B) warm: contracts
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Human Robot Interaction




Actuation

Human Robot Interaction




Sensing of
Soft Robitcs

Ren, Luquan, et al. "Biology and bioinspiration of soft robotics: Actuation,
sensing, and system integration." Iscience 24.9 (2021).



Sensation 27

¥

\ 4

Soft substrate Soft substrate

Different scenarios of the combination of sensor and substrate
rigidities for integration of sensors in soft robots

e Resistive Sensors and Piezoresistive Sensors
* Capacitive Sensors

* Optical Sensors
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Resistive Sensors and Piezoresistive
Sensors

Side View
Unactuated Actuated Actual

Location of \
embedded
strain sensors

Top View

@_\ Dragon Skin 10,
6

second layer
O

cPDMS, spread on

Dragon Skin 10 |:>

Dragon Skin 10,
first layer

4)

-]
=

T

cPDMS enclosed Arbitrarily-cut
in Dragon Skin 10 strain sensor

Masking tape
Wires

Side View

Pneunet actuator

—— cPDMS sensor

-~ _____________________________________m
e |

Bottom View

Sensor 1

— Sensor 2
—— Sensor 3

https://www.science.org/doi/10.1126/scirobotics.aav1488
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(a)

Positioning

Optical Sensors

Block

Step 2

(e) Molds /

: : and finger frame
Insert pins w

——
Step 3 =y w
Fasten modes

Step 1 Step 5
\_'r‘ Combine block ‘ﬂ Insert finger
=

Iﬁ Step 6 / Step -

.
Insert pins L Pour silica gel

x) o o
o)

https://arxiv.org/pdf/2101.12379



Sensation

Optical Sensors

https://arxiv.org/pdf/2003.01583
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Optical Sensors

B —=! Contact

LED:

Side view

Camera

Sensor cover
Acrylic window
Air

Elastomer gel

Coating layer
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Optical Sensors

Proximity Mode

See-through
image

<E

Depth map

Transparent
o Mode Switching
captured
seeneesy Opaque contact

-----
Pe.< o
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“ Soft skin'
Image deformation
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Tactile Mode
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Tactile image Skin deformation
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Mechanotransduction structural and functional (motif
and prototypes) in the natural world

B R R WIAE T e h it (S5 RA)

A Fingerprint structure Interlocked structure Bx4ji C Porous structure % 3L

=l

Interlocked
epidermal-dermal layers

Epidermis

Dermis
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Mechanotransduction structural and functional (motif
and prototypes) in the natural world

B AR F &M Fe T it (A RA)

D Whisker structure 47 E Hierarchical structure =X F Slit structure % %%
7
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Flexible mechanosensors inspired by biological
sensory motifs Zr s &% (% EHE K 8)

Fingerprint inspired TENG
(sliding detection)

Dermis inspired

piezoresistive sensor
(pressure detection)

Fat inspired
supercapacitor
(energy supply)

Fingertip skin Fingertip skin inspired o-skin

I'L‘ “‘F

l"

Time (s)

Spiral-shaped fingerprint
inspired sensor for the
detection of both sliding
direction and speed
(top), as well as the
perception of surface

textures (bottom)
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Flexible mechanosensors inspired by biological
sensory motifs Zr s &% (% EHE K 8)

* Triboelectric e-skins based
on the interlocked geometry
with gradient stiffness
differentiating
multidirectional tactile
stimuli

_Interlocked polymers

* Flexible pressure sensors
with an 1rregular pattern of
microdomains sensitive
enough to mimic mimosa
leaves




Sensation

Flexible mechanosensors inspired by biological
Sensory motifs K yutift &% (2 EMB L)

Spongia officinalis Polystyrene beads POMS
\ / / * Piezocapacitive (/£ &)
\:.3%335 —p NI tactile sensors based on a
sponge-like structure of
Stacking PS beads PDMS coating . .
| dielectric layer
Porous structured Transferi Dissolving PS beads
pressure sensor ———— and sacrificial layer
CNT-Ecoflex electrode layer Unloading
o .
s o * Flexible and wearable
™ piezocapacitive pressure

< 3D porous sensor based on a three-
Cross-sectional view i . . .

dielectric layer o dimensional microporous

Ecoflex dielectric elastomer
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Flexible mechanosensors inspired by biological
sensory motifs Zsmmitb &% (£ EWB L)

* Adaptive electronic whiskers based on shape memory polymers able to
D translate proximity, surface topology, friction, force, material stiffness, and
temperature into precise electrical quantities
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Flexible mechanosensors inspired by biological
sensory motifs Zsmmitb &% (£ EWB L)

* Piezoresistive( /& [ K) tactile sensors based on
hierarchical microstructures and nanostructures of
E micropillars

Pressure Interlocked hierarchical structure
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Sensation

40

Flexible mechanosensors inspired by biological
sensory motifs Zsmmitb &% (£ EWB L)

* Multifunctional ultrasensitive sensor mimicking nanoscale crack
F junction able of detecting subtle strains and vibrations

’b Siit organ Exoskeleton | © | Crack sensor

Nanoscale crack sensor

1mm
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Comparison of natural lives, rigid robots, and soft robots

Onboard soft nervous

| |
! I
Onboard / outboard Rigid : Interneuron system ! Onboard / outboard
> computing system M A\ ; rlgid | soft computing system
: Efferent Brain Afferent }
: neuron neuron !
| I
1 i
" Spinal i :
cord) ¥

~ =

hydrogel, etc. Promising

| I
} I
! I
A | | ”
'i ‘# g Discrete sensory system | g4 27 Whole-body sensory | Discrete sensory system
& (rigid tactile, position and ! %‘ system (mechanoreceptors, | (flexible tactile, strain
Y 9 motion sensors) i | sensore)
proprioceptors) |
Joint-based rigid | Deformable skeletal | Continuous soft
effector | muscle ! effector
| I
| - |
{ n ] Uf : “ : E gy 1P}
| I
! I
I I
Rigid robots Natural lives Soft robots
(assembled sensory, computation (coordinated sensory, nervous (promising with coordinated sensory,
and actuation system) and actuation system) computation and actuation system)
Building Energy or o System
it efficency Versatility Agility Adaptability AP Self-healing
Natural lives cell
TN lymer
Rigid robots Z'"egzlr"p;g il R G SR B
B : Excellent !
Pol | Average i
mer, !
Soft robots oS ! :
I
! |
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