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Abstract

Sampling is an essential method for many science domains to comprehend the rich and com-
plex marine life in these habitats. Yet, the samples that are to be taken may be delicate
organisms that have been around for thousands of years and need to be handled carefully.
Human divers or remotely operated vehicles (ROVs) with rigid manipulators are two com-
mon traditional ways for handling these samples, but they might be ineffective due to the
lack of the necessary precision and adaptability for sensitive jobs.

The Textile Robotic Hand (TRH) created by Technische Universitdt Miinchen is the ba-
sis for the soft robotic underwater manipulator adapted in this work. The hand will be
adapted to function in an underwater environment. The manipulator will provide a high
degree of compliance and adaptability, enabling it to grasp and manipulate delicate objects
with minimal risk of damage.

Numerous key steps will be conducted to adapt the soft robotic underwater manipulator
presented in this study. Firstly, the robot’s mechanics will be modeled to guarantee it fits
the special criteria of underwater manipulation. And secondly, its motion will be simulated
using multiple Simulation softwares.

This research has successfully simulated a multi-part textile-based pneumatic robotic hand
using the SoftRobots plugin in SOFA. The findings of this study will be beneficial for com-
prehending the capabilities and constraints of soft textile robotic manipulators in aquatic
environments and will aid in the future development of more creative applications.
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Resumo

A amostragem é um método essencial para que em muitos dominios cientificos se com-
preenda a rica e complexa vida marinha nesses habitats. No entanto, as amostras que devem
ser recolhidas podem ser organismos delicados que existem ha milhares de anos e precisam
ser manuseados com cuidado. Mergulhadores humanos ou veiculos operados remotamente
(ROVs) com manipuladores rigidos sdo duas maneiras tradicionais comuns de lidar com essas
amostras, mas podem ser ineficazes devido a falta da precisao e adaptabilidade necessarias
para trabalhos sensiveis.

A Mao Robética Téxtil (TRH) criada pela Technische Universitét Miinchen é a base para
o manipulador robético subaquatico adaptado neste trabalho. A mao serd adaptada para
funcionar em um ambiente subaquatico. O manipulador fornecera um alto grau de con-
formidade e adaptabilidade, permitindo que agarre e manipule objetos delicados com risco
minimo de danos.

Vérios passos importantes serao realizados para adaptar o manipulador robético subaquatico
apresentado neste estudo. Em primeiro lugar, a mecanica do robo serd modelada para garan-
tir que se encaixe nos critérios especiais de manipulacao subaquatica. E em segundo lugar,
seu movimento sera simulado usando varios pacotes de simulacao.

Esta pesquisa simulou com sucesso uma mao robdtica pneumatica téxtil composta por varias
partes usando o plugin SoftRobots no SOFA. Os resultados deste estudo serao benéficos para
compreender as capacidades e limitagoes de manipuladores robdticos téxteis em ambientes
aquaticos e ajudarao no desenvolvimento futuro de aplicacoes mais criativas.
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Chapter 1

Introduction

1.1 Background and Setting

Humanity has long been fascinated by the discovery of the ocean's depths [1]. Our urge to
explore and study the intricate ecosystems that exist under the waves grows as our compre-
hension of the underwater environment grows. The ocean's depths are home to a diverse
and complex marine life that humans have yet to fully discover. Sampling is a crucial
approach for scienti ¢ investigation in many elds, such as biology and geology, and it has
helped us better understand the rich and diverse marine species that live in these ecosystems.

Deep-sea coral is an example of an underwater organism that is thousands of years old
and must be handled with care. These corals can live for millennia and serve as vital habi-
tats for a wide range of marine species. They are, however, delicate and easily damaged by
traditional sampling approaches such as dredging or trawling [2]. The enormous clam, which
may survive for hundreds of years and is highly valuable in the shell sh industry, is another
example [3].

Figure 1.1. A Sponge of the Rossellidae family estimated to be tens of thousands years old.
Source: [4]



Traditional methods such as human divers or remotely operated vehicles (ROVS) with
sti manipulators can be ine cient and potentially harmful due to their lack of precision
and adaptability [5]. Marine manipulator systems have traditionally been heavy-duty and
energy-intensive, making them suited for commercial applications such as undersea construc-
tion and salvaging operations [6]. However, the need for soft robotics has increased as marine
biology researchers require more nimble and accurate manipulators to study delicate species
[7]. Soft robotics can provide energy-e cient and exible manipulators, such as full manip-
ulators and gripping tools [8]. While the latter has only been tried in shallow waters, the
former has been proven at varied depths.

Figure 1.2: ROV with a rigid manipulator for underwater sample collection. Source: [9]

Human divers, despite their skills, have a limited range of motion and endurance. More-
over, standard manipulators may be too rigid or cumbersome for delicate tasks. Soft robotic
manipulators, with their high level of compliance and adaptability, present a solution to
these challenges. They can e ectively handle and operate with delicate objects without the
risk of damage [1].

This study aims to meet the demand for adaptive manipulator systems by studying a soft
robotic manipulator capable of performing delicate and precise operations at varied depths.
The underwater manipulator will be based on a Soft Textile robotic Hand from Technische
Universiat Manchen [10], which uses air-pump actuation with overlay curvature and pres-
sure sensors. This study will help build more innovative applications in the future given the
various elds of soft robotics.

10



Figure 1.3: Various poses of a soft robotic hand alongside a wearable fabric glove. Source:[10]

1.2 Objectives and Research Questions

The primary focus of this research revolves around the adaptation and Simulation of the
Textile Robotic Hand (TRH) for underwater environments. The research questions guiding
this study are:

1. How will the TRH be a ected with the dynamic underwater environments, especially
considering water pressure and drag?

2. Which simulation platforms provide the most accurate representation of the soft robotic
hand's performance in underwater conditions?

3. How can the soft robotic hand be integrated with other underwater technologies, such
as autonomous underwater vehicles, to enhance their capabilities in marine environ-
ments?

These questions aim to delve deeper into the challenges and potential solutions for de-
ploying soft robotic hands in underwater environments, emphasizing simulation , design
optimization, and integration with other marine technologies.

1.3 Methodological Approach

The foundation of this research is the Textile Robotic Hand developed by Technische Univer-
sitat Manchen. This study employs various simulation platforms, including SOFA, Abaqus,
and SolidWorks, to understand and predict the mechanical behavior of the pneumatic (to
become hydraulic) actuators of the TRH. The goal is to identify the most suitable simu-
lation environment that can accurately represent the manipulator's performance in regular
conditions, such that it can later be implemented in underwater conditions.

11



1.4 Signi cance and Relevance of the Research

This research seeks to adapt a soft robotic manipulator for delicate operations in underwater
environments. The signi cance lies in addressing the need for soft robotic systems that can
handle sensitive marine samples without causing harm. Beyond marine applications, soft
robotic manipulators have potential in areas like minimally invasive surgeries, manufacturing
of fragile items, and space exploration. This research aims to push the boundaries of soft
robotics, making them more versatile and adaptable to various challenging environments.

1.5 Contributions

This research contributes to the eld of underwater robotics in several ways:

~

Adapting an existing Soft Hand design for underwater applications, ensuring it can
handle delicate marine samples safely.

Extensive exploration and comparison of multiple simulation platforms, including SOFA,
Abaqus, and SolidWorks, to identify the most suitable environment for the simulation
of soft robotic manipulators.

Providing a comprehensive mechanical modeling analysis of the manipulator, o ering
insights into its performance under various underwater conditions.

The insights from this study will pave the way for future research in soft robotics, espe-
cially in simulation elds.

1.6 Thesis Outline

A

Chapter 1: Introduction to Underwater Exploration

This chapter sets the stage by discussing the signi cance of underwater exploration,
the challenges of handling delicate marine samples, and the potential of soft robotics
in addressing these challenges.

Chapter 2: Evolution of Soft Robotic Manipulators
This chapter delves into the history and advancements in soft robotics, with a special
focus on underwater applications and the integration of textile materials.

Chapter 3: Mechanical Modeling of the Soft Manipulator in An Underwa-

ter Environment

Here, the modeling principles, and mechanical considerations of the soft robotic ma-
nipulator are discussed, providing insights into its construction and functionality in
underwater scenarios.

Chapter 4: Simulation and Analysis of Di erent CAD Softwares

This chapter details the simulation processes using platforms like SolidWorks, SOFA
Framework, and Abaqus. It discusses the challenges and ndings from each simulation
environment, guiding the design and testing phases.

12



" Chapter 5: Evaluation and Optimization of the Physical Components
In this chapter, the components of the soft manipulator is evaluated. It also discusses
the optimization processes undertaken to enhance its e ciency and adaptability.

Chapter 6: Conclusions and Future Directions

The nal chapter wraps up the research, summarizing the key contributions and nd-
ings. It also outlines potential future research avenues and applications of the developed
soft robotic manipulator.

References
This section encompasses all the references cited throughout the thesis.
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Chapter 2

Evolution of Soft Robotic
Manipulators

2.1 Introduction

The purpose of the literature review section is to o er a complete overview of present research
on soft robotic manipulators, with a special emphasis on their underwater applications. The
section will start with the history and present state of soft robotics, as well as the most recent
advancements in the area. It will then dig into the various procedures and strategies utilized
for collecting and manipulating underwater samples. Furthermore, the literature review will
highlight the study's unique research emphasis, which is to modify an existing Soft Hand for
underwater functionality. After that, a full discussion of the adaptation mechanisms to be
applied.

2.2 Evolution and Signi cance of Soft Robotics

Soft robotics is a relatively new eld that has garnered signi cant attention in recent years
due to the capabilities of soft, compliant materials to perform tasks in a safe and adaptive
manner. The origins of soft robotics can be traced back to the 1950s when surgeon Joseph L.
McKibben invented pneumatic arti cial muscles to aid patients with severe residual paralysis
[11]. Since then, the use of soft materials in manipulators has evolved and expanded, nding
applications in manufacturing, medical, and search and rescue operations [12].

Soft robotics focuses on the design of robots made of soft, exible materials, enabling them
to move and manipulate objects in ways reminiscent of living organisms [13]. These robots
o er several advantages over their rigid counterparts, including adaptability to complex en-
vironments and the ability to perform delicate tasks [14]. While the concept of soft robotics
has been around since the 1950s, signi cant advancements in the eld began in the early
2000s [15].

An early instance of soft robotics is the elephant trunk robot developed in 1984 by K.C.
Gupta and P.C. Jain [16]. Made from soft materials like rubber and cloth, this robot emu-
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lates the structure and movements of an elephant's trunk. Another notable example is the
octopus-inspired robot developed in 2005 by Cecilia Laschi and her team [17]. Comprising
eight limbs made of soft silicone, this robot mimics the movements of an octopus.

The recent surge in interest in soft robotics has led to the development of various inno-
vative soft robots. One such creation is the textile robotic hand developed by John nassour
in Technische Universiat Mdanchen (TUM) [18]. Operated by air pressure, this soft, textile-
based robot has applications ranging from prosthetics to soft grippers. Another notable
mention is the soft robotic gripper designed by Jamali et al. in 2020 [19], constructed from
exible silicone material, adept at handling delicate objects without causing damage.

Overall, soft robotics has emerged as a promising research eld with several potential ap-
plications. The potential for soft robots to accomplish complicated tasks in challenging
environments is expanding as new materials and actuation technologies are developed, as
well as breakthroughs in modeling and control approaches.

Soft robotics also o ers potential in environments where traditional robots might face chal-
lenges. For instance, underwater environments, which are dynamic and unpredictable, can
bene t from the adaptability and resilience of soft robots [20]. Additionally, soft robots can
mimic marine creatures, allowing them to blend into their surroundings and interact with
marine life without causing harm [21].

2.3 Exploring Soft Robotic Manipulation

Soft robotic manipulators have garnered signi cant attention in the robotics community due
to their high compliance, exibility, and capability to interact safely with humans and del-
icate objects. Constructed from soft materials such as elastomers, polymers, and textiles,
these manipulators can bend, twist, and deform, mimicking the behavior of biological tissues
[22]. The inception of soft robotic manipulators can be traced back to the early 2000s, with
substantial advancements in the subsequent years [15].

Rus et al. pioneered the development of a soft robotic gripper in 2003, utilizing a silicone-
based material to grasp objects of varying shapes and sizes [23]. In 2008, Polygerinos et
al. introduced a pneumatic soft robotic manipulator with multiple bendable segments,
demonstrating its ability to grip and lift objects [24]. Furthering the medical applications,
Cianchetti et al. in 2011 designed a soft robotic manipulator equipped with an endoscope,
targeting minimally invasive surgical procedures [25].

Recent innovations in soft robotic manipulators emphasize enhancing dexterity, control, and

sensing capabilities. For instance, Majidi et al. in 2014 showcased a soft robotic manip-
ulator capable of intricate tasks like knot tying [26], while Yang et al. in 2018 developed

a manipulator integrated with sensors to discern the sti ness of objects [27]. The realm

of textile-based soft robotic manipulators has also seen advancements, exempli ed by the
Textile Robotic Hand developed at Technische Universiat Manchen [10].
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Soft robotic manipulators, with their distinct advantages over conventional rigid manip-
ulators, are being tailored for a myriad of applications spanning medical, industrial, and
underwater robotics. Breakthroughs in soft materials, sensing, and control paradigms are
poised to further augment the e cacy and adaptability of soft robotic manipulators in the
future [6].

The adaptability of soft robotic manipulators also makes them ideal for underwater ex-
ploration. Their ability to conform to irregular shapes allows them to grasp and manipulate
delicate marine specimens without causing damage [28]. Moreover, the inherent buoyancy
and exibility of soft materials can be advantageous in underwater settings, reducing the
need for complex buoyancy control systems [6].

2.4 Intersection of Robotics and Textiles

Textile robots, also known as fabric-based robots, are soft robots constructed from exible,
elastic materials and fabric-based structures. They are made of fabrics like woven, knitted,
or braided materials and are extremely adjustable and versatile. Textile robotics has gained
popularity in recent years due to its potential uses in healthcare, industrial automation, and
wearable gadgets.

Soft robotic manipulators made of textiles have been created to improve the adaptability
and exibility of robotic manipulators. Textiles provide various bene ts over standard rigid
robotic manipulators, including improved exibility, better compliance, and reduced weight.
Many research have focused on the development of textile-based soft robotic manipulators
with various actuation systems, such as pneumatic, hydraulic, and electromagnetic, in order
to improve their dexterity and exibility.

Researchers at the University of Bristol built the rst textile-based robotic manipulators

in the early 2000s [29], creating a robotic arm made completely of knitted fabric and elas-
tomer. Since then, various textile-based robotic manipulators have been designed, including
a soft robotic gripper inspired by the movement of star sh limbs produced by Harvard Uni-
versity researchers [30]. This gripper had a pneumatic actuation mechanism and could grab
and manipulate fragile items.

Recent advances in textile-based soft robotics have also concentrated on the development of
new fabrication processes, such as 3D printing and additive manufacturing, to expand the
complexity and usefulness of these robots. Researchers at Carnegie Mellon University have
used 3D printing to create a soft robotic tentacle capable of grabbing and moving items
[31]. This tentacle was made up of numerous layers of various materials, including a exible
textile outer layer and a hard inner layer, which allowed for better dexterity and control.

The integration of sensing capabilities into textile robots has also been a focus of recent
research. Embedding sensors directly into the fabric structures allows for real-time feed-
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back, enabling more precise control and interaction with the environment [32]. For instance,
stretchable and exible sensors incorporated into textile robots can detect changes in pres-
sure, temperature, and humidity, providing valuable data for various applications, from
medical diagnostics to environmental monitoring [33].

Soft robotics primarily employs elastomers, gels, and other soft materials that can undergo
large deformations and return to their original shape. Silicone elastomers, such as poly-
dimethylsiloxane (PDMS), are commonly used due to their biocompatibility, optical trans-
parency, and tunable mechanical properties [34]. Hydrogels, which can change their volume
in response to environmental stimuli, are also being explored for soft robotics applications
[35]. These materials can be combined with traditional fabrics or textile structures to create
composite materials with tailored properties for speci ¢ applications [36].

The choice of materials plays a pivotal role in the design and functionality of soft robots.
The mechanical properties of these materials dictate their behavior under various conditions:

A~

Young's Modulus : Measures the stiness of a material. Materials with a lower
Young's modulus are more exible and adaptable.

Poisson's Ratio : In uences how a material expands or contracts in response to forces.
Density : Can in uence the weight and buoyancy of a robot.
Elongation at Break : Indicates how much a material can stretch or bend.

Tensile Strength : Determines the durability and longevity of materials under exter-
nal forces.

The following table provides an overview of the mechanical properties of some common
materials used in soft robotics, including TPU (American Poly Im Inc., Bran-ford, CT,
DT2001, 0.15 mm thickness), and High Strength Polyester Ribbon.

Material Young's Poisson's Density Elongation | Tensile
Modulus Ratio (g/cm 3) at Break | Strength
(MPa) (%) (MPa)
PDMS 0.5-3[37] | 0.49 0.97 - 1.03 | 100 - 700 25-45
Hydrogel 0.001-1[38] 0.45-0.5 1.0-1.2 100-2000 |0.1-1
TPU 1-5 04-05 11-1.2 400 - 600 25-50
High Strength Polyester Ribbon| 6 - 12 [39] 0.35-0.4 1.38 7-10 80 - 120

Table 2.1: Mechanical properties of common soft robotic materials.

2.5 The Role and Impact of Simulations

Simulation technologies have revolutionized the eld of soft robotics, enabling unprecedented
insights into the behavior and potential of soft robotic manipulators. Cheng et al. (2017)
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