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Agenda
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* What is robotic end-effector?
* Why soft robotic end-effectors are important?

* What are the existing soft robotic end-effectors?
e How to make soft robotic end-effectors?
e How to model and simulate soft robotic end-effectors?

* What are the potential applications of soft robotic end-
effectors

 Soft robotic end-effectors developed by our group
* Future research directions
* Report



What are robotic end-effector (EE)? R
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7 s7w An end effector is the device at the end of a robotic arm,
A*‘\&' “«‘ . . . .
. @ 4 designed to interact with the environment. The exact

33

“=% nature of this device depends on the application of the
robot.

Robot hand
Robot gripper
Suction pad

Other tools
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https://en.wikipedia.org/wiki/Robotic_arm

Examples of Robotic EE
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Barrett TECH ROBOTIQ Shadow Robot
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Examples of Performance
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PPU X63055

ST )IF v

@ Videos from YouTube

https://www.youtube.com/watch?v=bzPcQc
OeTQU

@
https://www.youtube.com/watch?v=IqrBi6__
1cFs

®
https://www.youtube.com/watch?v=orqitN4
HITA
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Features of Existing EE

Parallel gripper

Suction pad

R

RITSUMEIKAN

Dexterous hand

High adaptability

High speed -
oros Highspeed | Ligh adaptability
Low cost Low cost
Easy to control Easy to control
Light weight
Low adaptabilit Low speed
W . J Require flat =
Cons Relatively high surface to suck High cost
weight Hard to control




Why soft robotic EEs are important? R
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High speed
handling

Images from Google

High speed handling of objects with large varieties
in physical properties, such as size, shape,
hardness, friction, fragility, ...
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What are the existing soft robotic

EEs?9CommerC|aI ones

R

Piab AB Inc

RoChu (China) Schmalz dept. Rob vy OnRobot

Images from Google



What are the existing soft robotic
EEs?->Commercial ones

A

R

IPI (Singapore) Ubiros Gripper (UK) FESTO Soft Gripper RoChu (China)

Images from Google



Examples of Performances
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Universal Jamming
Gripper
Eric Brown, Nicholas Rodenberg, John Amend,

Annan Mozeika, Erik Steltz, Mitchell Zakin,
Hod Lipson, Heinrich Jaeger

@ | CHICAGO

== CORNELL
@ UNIVERSITY

iRobot ol

Funded by P DARPA Programmabie Mafier progrem. grant W911NF-08-10160 1

Jamming gripper

SOFTmatics hand, NITTA SOFTmatics hand, NITTA
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Videos from YouTube



Existing researches on soft EEs
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IMIVErsity &
nstitute of Jechnol

Suzumori et al., Rus et al.,
TIT, 1991 MIT., 2019

Whitesides et al., Cecilia et al. Wood et al.,
Harvard Univ., 2011 T 2016 Harvard Univ., 2016
2023/12/13 Zhongkui Wang, D’ept. Robotics, Ritsumeikan 11
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A nice review of soft EEs

REVIEW
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ADVANCED
MATERIALS

Soft Grippers

Soft Robotic Grippers

Jun Shintake, Vito Cacucciolo, Dario Floreano, and Herbert Shea*

e gripper Gripping By Actuation
(Section 3)

Gripping By Controlled Stiffness
(Section 4)

- 136] Concept of soft, adaptiv
.v k using tendon-driven.
1978"‘"

1268] Early development using
.m ...... p, (Section 5)

| [106] E: :
|u; ym pment.

lenlls

-meltis

: commercialization.

lm-ndhuh-.

Gripping By Controlled Adhesion

Object type

www.advmat.de

Deformable -

Actuation
(Impactive prehension)

Easy

Stiffness

)

Adhesion

(Astrictive prehension)

lo¥

Difficult



Keywords related with soft robotics
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R

Features of Soft EEs

Rigid EE Soft EE
e large e Small
e Heavy e Light

o Soft
e Inexpensive
e Easy to use

e Hard
e Expensive
e Hard to use

e Structured ¢ Non-Structured
environmental environmental

e Not safe o Safe
e Hard to fabricate o Easy to fabricate

2023/12/13 Zhongkui Wang, Dept. Robotics, Ritsumeikan 14



How to fabricate soft EE?
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3D printing

Objet350 Connex (Stratasys)

s193ul} 140S 8v

tics, Ri

,_.
921




Example of casting
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chamber

actuator

2023/12/13 Zhongkui Wang, Dept. Robotics, Ritsumeikan 16



Things that you need

chamber j chamber Jair-paths Jair-paths ll cover
female male female male mold

mold mold mold mold
’_T\ grE—
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t

LLLUEELRELLLE

SUILELERERL )

S silicon

| mbber g B 1ch

opsticks
/ SCISSOT

ABS or PLA

VeroWhite
Stratasys, Objet

Perpendicular



Fabrication process
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Suction: frozen hamburger Suction: Mac Air Bento packaging test



Examples of 3D printing

Umedachi, et al., 2013, Printer : Stratasys Objet 500,
material : TangoBlackPlus

RITSUMEIKAN

Inching motion Phase gap: 0.1s
Yap et al, NUS, 2016 Play speed: Realtime
Printer : Prusa Pro C, material :

25

Tolley et al., UC San Diego, 2017, Printer - Stratasys
Objet 350, material: TangoBlackPlus

_ Raye et al, NUS, 2022
Printer : Prusa Pro C, material : NinjaFlex

Videos from YouTube Zhongkui Wang, Dept. Robotics, Ritsumeikan 20



3D printers that can be used to

print soft materials

Example

Printer name Approach Material Hardness
Prusa FDM Shore A85
NinjaFlex
Keyence Silicone
Agilista InkJet like Shore A60
Shore A27~
Stratasys Rubber-
Obje}c/ PolyJet like Shore A95, 14
levels
Rubber- Shore A2~
DLP like A50
Liquid Shore
LAM silicone A30, A50,
rubber A70

RITSUMEIKAN



Manual casting vs. 3D printing

R
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Manual casting 3D printing

- Uniformity

P 20T Efficiency
ros
Material
candidates /\ Customizability
Cost
Uniformity K/
Durability
Efficiency
Cons Material
Customizability candidates

2023/12/13

Zhongkui Wang, Dept. Robotics
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How to model and simulate soft

EE?

Finite Element Model

Self coded models

2
DS simuLIA

ABAQUS

\nsys

LIS
MULTIPHYSICS®

SoFA

2023/12/14
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Other Models

Y"
Beam constant
curvature model

Line-segment model

® (b) o o
Serially connected constant
curvature model

Finite strain
membrane model

Zhongkui Wang, Dept. Robotics, Ritsumeikan 23



Line-Segment Model
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TP p— aP+b P, Y
i(P) = (aj ) Kinetic energy: 1Zmz JF)’; :

1 n—
Flexural energy:  Uper = 2 ki?.

Potential energy: Ug,m,. = Z m;gyi.
i=1
n—I1

External work: ~ Wjes = Z T;,(P)o;.
=1

The Lagrangian:

n—1

JOth mOdel L — T - l]flt?)f - Ugn“) _I_ Wprg,g‘ _I_ Z A«[R!.
i=1

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 24



R

Line-Segment Model

RITSUMEIKAN

Constraint: Ri(xi,wiv1,Yi, yiv1) = {X7 +Yzz}% — L,

Constraint ) .
stabilization method: Ri +2vR; +v*R; =0, (i=1,2,---,n—1)

oL d oL I 0 O 0 O ] rxn R’
o, dtom 01 0 0 O0]|Yy vy
oL d 6L - O 0 M 0 A, vy I = | F,
oy aton 00 0 M A,l|v, F,

00 A A O0]LA1 |F.|

Lagrangian dynamics _
Line-segment model

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 25



Simulation
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Progress : Virtual:1.460000[s]

Experiment Simulation

Z. Wang, et al., IEEE RAL, 2017

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 26



Parameter Identification
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Optimization based method

Unknown parameters

Initial parameter

\ 4

update

Simulation [«

Experiment —  Error |

Ti(P) _ P, Yes

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 27



|dentification results and validation

£
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Finite Element Modeling (Abaqus) R

IIIIIIIIIII

CAD model » Import into Import into
construction Abaqus » Abaqus
Define l
boundary « Meshing « Define material
conditions model property

Define Define
simulation external
steps loads

Run Result

simulation visualization



Example of Finite Element
Simulation

step: Gravity Frame: 0
Total Time: 0.000000

S, Mises

(Ava: 75%)
+1.000&+00
+%9.167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+5.833e-01
+5.000e-01
+4.167e-01
+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
+0.000&+00

S, Mises
(Avg: 75%)

+5.000e-01
+4.583e-01
+4.167e-01
+3.750e-01
+3.333e-01

+4.167¢-02
+0.0006+00

Step: Gravity Frame: 0
Total Time: 0.000000

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan

30

RITSUMEIKAN



Parameter Identification Method R

Target
behavior

Error

[

Design ]_> Finite element
Parameter simulation

‘ Parameter

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan

Error <¢

RITSUMEIKAN

Yes

Best
parameter

update

31



Parameter Identification using
Abaqus and Isight

I s N E

Optimization1

AN >
v Inequality > gl % » ©

Abaqus Calculator

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 32



Example of Design Optimization

Free deformatio

sssss es
(F43: 75%)

RITSUMEIKAN

Initial parameters: [ i
P1=3.0mm HeER
P2=1.0 mm

S, Mises

Grasping case

+1.000e-01

+9.167e-02

+8.333e-02

+7.500e-02

+6.6672-02

+5.833e-02

+5.000e-02

e, . +4.167e-02
Initial parameters: i
+1.667e-02

+8.333e-03

Pl — 3.0 mm +0.000e+00
P2=1.0mm

Design parameterization
2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan




Optimization Results
--- Maximum Bending -

Initial parameters: Optimized parameters:
P1=3mm, P2=1mm P1=3.8mm, P2 =0.6mm

S, Mises
(Ft3: 75%)

+1.321e-01 ;
+1.000e-01 S\,’Mllses ,
+9.167e-02 (F9: 75%)

i +3.130e-01
i
AR +9.1672-02

. +8.333e-02
+5.833e-02 +7.500e-02
+5.000e-02 +6.6672-02
+4.167e-02 +5.833e-02
+3.333e-02 +5.0002-02
+2.500e-02 +4.1672-02
+1.667e-02 +3.333e-02

+8.333e-03 +2.500e-02

+0.000e+400 +1.667e-02

+8.333e-03
+0.000e+00

Deformation = 22.38 mm Deformation = 45.47 mm

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 34



Optimization Results

--- Maximum Force

Initial parameters: Optimized parameters:
P1=3mm, P2=1mm P1=3.8mm, P2 =0.6mm

S, Mises S, Mises

(P49 75%) (FF45: 75%)
+1.135e-01 +1.951e-01 |
+1.000e-01 +1.000e-01
+9.167e-02 +9.167e-02
+8.333e-02 +8.333e-02
+7.500e-02 +7.500e-02
+6.667e-02 +6.667e-02
+5.833e-02 +5.833e-02
+5.000e-02 +5.000e-02
+4.167e-02 +4.167e-02
+3.333e-02 +3.333e-02
+2.500e-02 +2.500e-02
+1.667e-02 +1.667e-02
+8.333e-03 +8.333e-03
+0.000e+00 +0.000e+00

Force=57.3 mN Force =108.6 mN

2023/12/14 Zhongkui Wang, Dept.'Robotics, Ritsumeikan 35




Learning Resources
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?gtf)%t'cs
|
= o \toolkit

=

c g N

Sensors Controls

Modeling and
Manufacturing
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Soft Robotics Toolkit---Actuator
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PneuNets Bending Actuators Fiber-Reinforced Actuators Combustion-Driven Actuators

Pneumatic Artificial Muscles M.M.V.S. Manipulator

Sealing Rubber

Strain-Limiting
Fabric

Rubber Foam

Foam-Based Soft Actuators Knit Textile Bending Actuator

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 37

3D Printed Soft Gripper Stiffened
by Passive Particle Jamming

HPN Manipulator




What Are Potential Applications?
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Food mdustry Agriculture and Fishery

Magnetic actuated microcrab

gripping cargo

W Soft straps and
actuator attachments

2023/12/14 Zhongkui Wang, Dept. Robotics, Ritsumeikan 38



Main Applications that We are
Focusing on

39
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Automation Challenges in the

Food Industry and Agriculture -
@ Grasping (2 Recognition

1. Too many categories
2. Large differences
o 3. Complex properties
\eis=74,  Soft and fragile

Random picking scenario

EBra'@e Wi

3 Application @ Cost
1. Food compatibility Hardware || Software S|
g. glgh I;.?eed motion ;ﬁ:»\ ¥ Recognition System
- burabi 'j‘y . }3 Machine learning || Integration
4. Contamination @ﬁ Image processing
5. Sterilization Conveyor tracking| | Maintenance
6. Ease of use

2023/12/15 Zhongkui Wang, Dept. Robotics, Ritsumeikan 40



Cross-Ministerial

SIP Project

Strategic Innovation Promotion Program

Dishwashing

R < MsM

+Out

Physical
Data Hub

Tableware removal

PDH Sensor

G VP
'l 1o
900,

Physical Food database
Space Recognition |
Soft End-
effector Cyr PR

l Edge computing

-

SM+Out

PDH

2023/12/15

Zhongkui Wang, Dept. Robotics, Ritsumeikan
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Title: Soft End Effector System (SSES) for Cyber Physical System (CPS) Construction



Soft robotic end-effectors developed
by our group

3;_5\%\\:\,

Circular shell ' Parallel shell gripper | Dishwashing hand
gripper

inion

Needle gri Scooping- i Multi-wire Shovel gripper
sedle gripper binding gripper Bellows gripper gripper PP

2023/12/15 Zhongkui Wang, Dept. Robotics, Ritsumeikan 42
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