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Today’s Agenda

Introduction to Soft Robotics

 Motivation for soft robots

e Soft robotics

 Material Selection



Why soft robots

* The development of robotics as a field has been heavily
influenced by industry, especially automation,
manufacturing, transportation, and aerospace.

* The robotic platforms that developed aspired to 1deals such
as strength, high precision and speed.

Titan from Kuka

Quattro from Omron




Robots falling down




Disadvantages of rigid robots

* Rigid links -> dangerous

* Can be mechnically complex

* Lack of compliance -> limited

adaptability -> difficult to interact with

uncertain environments [‘g e
* Can be mappropriate for handling

delicate or soft materials



Nature

» Soft, sustainable, robust and flexible
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Soft robotics

* Goal: Endow robots with new, bioinspired features that permit
morphologically adaptive interactions with unpredictable
environments.

e Soft robots:

* systems that are compliant and flexible
* Have a feedback sensory and control system

iSprawl Soft gripper OCTOPUS Universal gripper Tuft Softworm Inflatable robotic arm

X-RHex Soft robotic fish PoseiDrone Origami robot Rehabilitation glove Octobot



Materials

Young’s moduli of biological tissues and common materials
for machines

L Materials for machines
Metals and alloys Biological tissues
Glasses
Plastics l
Bones Elastomers l
Hydrogels
Cartilages
Skins and muscles
Brains and spinal cords
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http://dx.doi.org/10.1021/acsami.8b04250
http://dx.doi.org/10.1021/acsami.8b04250

Materials 12

2. Silicone-based elastomers A& 3k & 584 25 &4

* Silicone rubber 2 # i (e.g. Ecoflex, patented material), high strain
 Polydimethylsiloxane (PDMS silicone) % — ¥ 2t )%, low strain

50 mm 50 mm

15 mm
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2. Silicone-based elastomers A & 69 7.4 & 54
* Silicone rubber # ## i (Ecoflex), high strain
 PDMS silicone # — ¥ 34t A 4%, low strain

a) ECOFLEX (+PAPER SHEET) b) PDMS + ECOFLEX (+PAPER SHEET)

Figure 3: Deformation of the « finger » made of Ecoflex Figure 4:Deformation of the « finger » made of Ecoflex

under different pressure: a. p=Ombar, b. p=20mbar, c. and PDMS under different pressure: a. p=0Ombar, b.
p=40mbar, d. p=60mbar, e. p=80mbar, f. p=100mbar, g. p=20mbar, c. p=40mbar, d. p=60mbar, e. p=80mbar, f.

p=120mbar p=100mbar, g. p=120mbar, h. p=140mbar, i.

p=160mbar, j. p=180mbar
Source



https://www.elveflow.com/microfluidic-applications/setup-microfluidic-flow-control/microfluidic-soft-robots/

Materials 14

3. Polyurethanes elastomers # &g 744K (PU)

« TPU stands for Thermoplastic Polyurethane (#% %2 4 & & B8 ) and is
often referred to as the bridge between rubbers and plastics. The
material appears rubber-like, which means it 1s very elastic, flexible,

and smooth to the touch, but at the same time, it 1s extremely durable
and strong.
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Meta material — soft structures

* Compliant 3D structures made from TPU (common for 3D printing).
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Prof. Wang Zheng’s group Wang et al., 2021
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Meta material — soft structures

* Compliant 3D structures made from Hei-cast 8400 ( =& & & & 548 0%)
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Materials

Meta material — soft structures

* Compliant 3D structures made from PU

Form-fitting and reliable
gripping of different shapes




Materials
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Meta material — soft structures

* Compliant 3D structures made from Elastic Polyurethane (EPU)
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A urethane-based material that
has been developed to
compensate for the shortcomings
of TPU, such as transmittance,

smoothness, impact resistance,
and lack of resilience.
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Xuetal., 2019
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Meta material — soft structures
e braided fabrics % 22 4%:

UNSW
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N Graduate School of Biomedical Engineering

™ UNSW Medical Robotics Lab

Smart Textiles
Using Fluid-Driven Artificial Muscle Fibers

https://www.medicalrobotics-lab.com/
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Phan et al., 2022
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Meta material — soft structures

* braided fabrics: smart textiles combining textiles with artificial
muscles

Configurations

Weaving Radiarl exp;insion Attaching to fabric

Knitting _.

Yarns Silicone tube

Phan et al., 2022
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Material Selection Criteria 1:
Softness and Stretchability

rubber
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Ren et al., 2021



Materials =
Material Selection Criteria 2:
Reversibility
Viscoelasticity ,
Rheology 2
Science of deformation & flow of liquids & soft matter :.
Greater Viscosity Greater Elasticity
Newtonian Non-Newtonian Hooke
Viscoelastic Elastlc loading — loading
Liquids Liquids Salids Solids i unloading - -- unloading
7 7 4
o) o) energy
" loss

All E' dissipated

All E' stored

g, strain

g, strain
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Material Selection Criteria 2:
Reversibility

Applications that involve high Polyacrylate Hydrogel
1E+07 . cycle loading or require high A
elastic resilience
__1E+06 Silicon ER
Ly ' Natural Rubber® A
~ 1E+05 A
L, PDMS
§ 1E+04 A Brain Tissue
3 PEG Hyrdrogel Fat Muscle
S 1E+03 A o
Q
? 1E+02 A Spider Silk Hydrogel
3
e ol Iron MR
1E+00
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+07

Loss Modulus G" (Pa)

Fig.1. Approximation of Storage Modulus vs Loss Modulus of various organic and inorganic materials. Hydrogels: _ . _ ;
Biological Tissue: ; Natural Rubber: _ _ _ ; Electrorheological (ER) And Magnetorheological (MR) Fluid Based Polymers:
; Materials that have been used in soft robots: Triangle; Hard Materials: Diamond

Coyle et al., 2018
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Material Selection Criteria 3:
Fracture toughness

* The critical stress intensity factor of a sharp crack where propagation
of the crack suddenly becomes rapid and unlimited.
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Becoming Sustainable

a) Bio-derived

natural rubber
butadiene rubber PHA
silicone elastomers PLA

PLGA

o
8  cellulose acetate W
© =
g  biobased PE 2
5 b starch/ )
O copolyester «Q
3 blends §
- o
< )
2 Ecoflex:
* Fossil-derived 1t & #
el * Biodegradable through

industrial compost #] T b [& /&

- | Ecoflex

Fossil-derived

(Hartmann et al., 2021)
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Edible Robotics from Gelatin

(Shintake et al., 2017)
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Edible Robotics from Gelatin

2r it
3 G2430 '
S 15Ff
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g Suction
Eo05F cup
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* 300% strain
 resilient against dehydration
* over 330,000 repeated cycles

(Baumgartner et al., 2020)
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