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Abstract:

The research project aims to create Exoarms for construction workers and other professions requiring
heavy lifting tasks. The project uses Pneumatic Air Muscles (PAMs) to create lightweight, durable, and
cost-effective exoskeletons. The goal is to enhance upper limb strength, reduce fatigue, and enhance
physical capabilities. The Exoarms will be wearable, comfortable, and sizeable, promoting user
acceptance in diverse work environments. The research team prioritizes cost-effectiveness without
compromising performance, aiming to bridge the gap between advanced robotic technologies and practical
applications in real-world job settings, particularly in the construction industry. The project's core
objectives include incorporating PAMSs, ensuring lightweight and durable design, and pursuing cost-
effective solutions.
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1. Introduction:

In response to the ever-growing demands of physically intensive occupations, our research and
development initiative embark on a journey to engineer a ground-breaking solution — Exoarms. Targeting
construction workers and professionals engaged in strenuous labour, our project strives to harness the
potential of Pneumatic Air Muscles (PAMS) to create wearable, lightweight, durable, and cost-effective
exoskeletons. The overarching objective is to empower individuals in these physically demanding fields
by significantly enhancing their upper limb strength and lifting capabilities, thereby mitigating the
challenges associated with heavy manual labour.
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Fig. 2. Powered lower limb orthosis
This introduction provides an overview of the pressing need for innovative solutions in occupations that
require substantial physical effort. By leveraging the unique properties of PAMs, our project seeks to
redefine the landscape of wearable robotic technologies, emphasizing wearability, affordability, and
effectiveness. The subsequent sections will delve into the intricacies of our research and development,
highlighting the key features and potential societal impact of the proposed Exoarms for construction
workers and other labour-intensive professions.

2. Problem Definition

The modern workforce, particularly in construction and other physically demanding professions, faces a
persistent challenge concerning the physical strain and limitations associated with heavy lifting tasks. This
issue not only compromises worker well-being but also hinders overall efficiency and productivity in these
sectors. Traditional solutions have often fallen short in providing practical and accessible enhancements
to human strength and endurance.

The need for a transformative solution led to the formulation of our research and development project,
which aims to address the limitations faced by workers engaged in strenuous labour. The challenge at hand
involves developing a wearable, lightweight, durable, and cost-effective exoskeleton — Exoarms — capable
of significantly augmenting upper limb strength. By incorporating Pneumatic Air Muscles (PAMs), we
seek to overcome the shortcomings of existing technologies and offer a tangible and impactful response
to the physical demands imposed by heavy lifting tasks.

This problem definition sets the stage for understanding the specific challenges faced by individuals in
physically intensive professions and underscores the necessity for an innovative solution such as Exoarms.
The subsequent exploration of PAM-based exoskeletons is poised to provide a transformative response to
these challenges, ushering in a new era of enhanced human performance in the workplace.

3. Methodology

e Literature Review:

Conduct an extensive review of existing literature and previous attempts in the field of exoskeletons,
particularly those designed for heavy-lifting tasks in construction and labour-intensive jobs.

Analyse the strengths and limitations of previous technologies to inform the development of Exoarms.
Identify gaps and areas for improvement in the current state of wearable robotic technologies for upper
limb augmentation.
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e Problem Definition Refinement:

Further refine the problem definition by incorporating insights gained from the literature review.
Establish a clear understanding of the specific challenges faced by workers in construction and heavy-
labour professions, focusing on the limitations of existing solutions.

e Methods of Connection/Force Application:

Explore and evaluate various methods of connection and force application in the context of Pneumatic Air
Muscles (PAMS).

Investigate the integration of PAMs with the human musculoskeletal system, ensuring a natural and
intuitive synergy between the exoskeleton and the user.

e Materials Selection:

Identify and assess materials suitable for constructing lightweight, durable, and cost-effective Exoarms.
Consider the mechanical properties, weight, and durability of materials to optimize performance while
maintaining user comfort.

e Musculoskeletal Issues:

Investigate potential musculoskeletal issues arising from the use of Exoarms, focusing on ergonomic
design and biomechanical considerations.

Collaborate with experts in biomechanics to address and mitigate any potential adverse effects on the
user's musculoskeletal health.

e Prototype Development:

Based on the insights gathered from the literature review and refined problem definition, develop a
prototype of Exoarms incorporating PAMs.

Implement the selected methods of connection/force application and ensure seamless integration with the
human body.

Conduct iterative testing and refinement to optimize the performance and user experience of the prototype.
e User Feedback and Iterative Improvement:

Collaborate with potential end-users, such as construction workers, to gather feedback on the prototype's
usability and effectiveness.

Iterate on the design and functionality based on user feedback to ensure practical applicability and user
acceptance.

e Cost Analysis:

Conduct a thorough cost analysis of the materials and components used in the prototype to ensure cost-
effectiveness.

Explore avenues for minimizing production costs without compromising the quality and performance of
Exoarms.

By systematically addressing each facet outlined in the methodology, this research and development
process aim to deliver an innovative solution in the form of Exoarms, effectively enhancing the upper limb
strength and lifting capabilities of workers in construction and other physically demanding occupations.
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4. Detailed Design:
e Aluminium Frame:

»

The arm structure is primarily constructed using lightweight and durable aluminum material. It is
segmented into two main sections: the bicep section and the forearm section.

The bicep section serves as the upper arm component, while the forearm section forms the lower arm.
These sections are designed to articulate with each other, allowing for natural arm movements.
Integration points between the bicep and forearm sections include pneumatic muscles and frame
connectors. These components ensure structural integrity and facilitate seamless motion.

A hook mechanism is affixed to the end of the forearm section, enabling the arm to grasp and lift objects
securely.
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e Pneumatic Muscles:

The pneumatic muscles serve as the primary actuator system, responsible for generating motion within

the arm.

Each pneumatic muscle comprises several key elements:

e Main Expansion Tube: This forms the central structure of the muscle and expands when pressurized,
inducing movement.

e Expandable Braided Sleeving: Wrapped around the expansion tube to reinforce its structure and
enhance durability.

e Adjustable Clamps: Used to secure the braided sleeving and ensure proper tension, allowing for precise
control over muscle contraction.

e Pneumatic Tubes: Connect the muscles to the air compressor, facilitating the flow of pressurized air.

e Air Chuck: Positioned at the end of the muscle to regulate air input and output, enabling controlled
expansion and contraction.

e Air Compressor:

The air compressor serves as the power source for the pneumatic system, supplying pressurized air to

activate the muscles.

The chosen compressor must meet the requirement of producing more than 150 Psi of pressure, ensuring

sufficient force for the intended applications.

While the specific model of the air compressor can vary, considerations include efficiency, portability,

and compatibility with the pneumatic system.

e Pneumatic Tubing:

Pneumatic tubing acts as the conduit for transmitting pressurized air between the compressor and the

pneumatic muscles.

High-quality tubing is selected to withstand the pressures involved and minimize air leakage, ensuring

optimal performance and reliability.

Tubing routes are carefully designed to minimize interference with arm movements and prevent kinking

or bending, maintaining smooth airflow.

e Overall Integration:

The design of each component is carefully coordinated to ensure seamless integration and optimal

functionality of the arm system.

Emphasis is placed on durability, precision, and efficiency to meet the demands of various tasks and

environments.

Regular maintenance and testing procedures are established to uphold performance standards and address

any issues promptly, ensuring the longevity and reliability of the arm system.
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5. Expansion Pipe Materials
1. Silicon Pipe

Silicon pipes represent a revolutionary advancement in the realm of piping systems, offering unparalleled
flexibility and remarkable elastic properties. Engineered from high-grade silicone polymers, these pipes
are designed to withstand extreme temperatures, corrosive chemicals, and rigorous environmental
conditions while retaining their structural integrity and flexibility.

Flexibility: One of the defining characteristics of silicon pipes is their exceptional flexibility, which allows
them to bend and conform to various shapes and contours without compromising their performance.
Unlike traditional rigid pipes, silicon pipes can adapt to complex layouts and tight spaces, making them
ideal for applications where flexibility is paramount. Whether navigating around obstacles or traversing
through confined areas, silicon pipes offer unmatched versatility and ease of installation.

Elastic Properties: Silicon pipes exhibit remarkable elastic properties, enabling them to undergo
deformation under stress and return to their original shape once the stress is removed. This inherent
elasticity is attributed to the unique molecular structure of silicone polymers, which impart resilience and
durability to the material. Key elastic properties of silicon pipes include:
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Young's Modulus (E): Silicon pipes typically possess a high Young's modulus, indicating their ability to
resist deformation when subjected to external forces. This property ensures structural stability and
prevents permanent distortion, even under significant stress.

Poisson's Ratio (v): The Poisson's ratio of silicon pipes signifies the ratio of lateral strain to axial strain
when the material is under stress. Silicon pipes are known to have a low Poisson's ratio, indicating that
they expand laterally to a lesser extent compared to their longitudinal deformation when stretched. This
characteristic contributes to their resilience and ability to maintain shape under varying conditions.
Tensile Strength: Silicon pipes boast impressive tensile strength, enabling them to withstand considerable
pulling forces without experiencing failure or rupture. This property ensures reliable performance and
longevity in demanding applications where mechanical stress is prevalent.

Elongation at Break: Silicon pipes possess notable elongation at break, allowing them to undergo
significant stretching before reaching their breaking point. This feature enhances their resilience and
ability to accommodate dynamic movements and fluctuations in operating conditions.

Using Silicon Tubing in Pneumatic Air Muscles can The integration of silicon pipes as the primary
expanding component in Pneumatic Artificial Muscles (PAMs) heralds a new era of innovation and
efficiency in the field of soft robotics and actuator technology. Leveraging the exceptional flexibility and
elastic properties of silicon, PAMs demonstrate unparalleled versatility, responsiveness, and adaptability,
opening up a myriad of possibilities for advanced robotic systems and prosthetic devices.

By harnessing the inherent flexibility of silicon pipes, PAMs can mimic the natural movements and
biomechanics of biological muscles with remarkable precision and dexterity. This enables the
development of highly agile and lifelike robotic platforms capable of performing complex tasks and
maneuvers in diverse environments, from delicate surgical procedures to rugged terrain exploration.
Moreover, the remarkable elastic properties of silicon pipes endow PAMs with resilience and durability,
enabling them to withstand repetitive cycles of expansion and contraction without fatigue or performance
degradation. This longevity ensures the longevity and reliability of PAM-based systems, reducing
maintenance requirements and enhancing operational efficiency in various applications.

As the main expanding pipe in PAMs, silicon pipes facilitate rapid and efficient actuation by delivering
precise control over pressure and airflow, enabling smooth and responsive movements in robotic limbs
and prosthetic devices. This fine-tuned control enhances user experience and functionality, empowering
individuals with enhanced mobility and dexterity.

In summary, the incorporation of silicon pipes as the main expanding component in PAMs represents a
groundbreaking advancement in soft robotics and biomechanical engineering. By combining exceptional
flexibility, elasticity, and controllability, silicon-based PAMs pave the way for the development of next-
generation robotic systems and prosthetic technologies that blur the boundaries between humans and
machines. With their ability to replicate the intricate movements and capabilities of biological muscles,
silicon-based PAMs hold the promise of revolutionizing industries ranging from healthcare and assistive
technology to industrial automation and beyond
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2. Latex Rubber Tubing:

Latex rubber tubing stands as a versatile and widely utilized material, esteemed for its exceptional
flexibility and elastic properties. Crafted from natural latex harvested from the Hevea brasiliensis tree, this
tubing offers a unique combination of pliability and resilience, making it indispensable across various
industries and applications.

Flexibility: The hallmark feature of latex rubber tubing lies in its remarkable flexibility, allowing it to
bend, stretch, and conform to diverse shapes and contours with ease. This inherent flexibility enables the
tubing to navigate through intricate pathways, accommodate dynamic movements, and adapt to changing
environmental conditions. Whether employed in medical devices, laboratory equipment, or industrial
machinery, latex rubber tubing provides unparalleled versatility, facilitating seamless fluid transfer and
manipulation.

Elastic Properties: Latex rubber tubing exhibits notable elastic properties, attributed to the molecular
structure of natural latex polymers. These properties enable the tubing to undergo deformation under stress
and return to its original shape once the stress is removed, ensuring resilience and durability in demanding
applications. Key elasticity parameters of latex rubber tubing include:

Young's Modulus (E): Latex rubber tubing typically features a moderate Young's modulus, indicating its
ability to resist deformation when subjected to external forces. This property allows the tubing to maintain
structural integrity and prevent permanent distortion, even under significant stress or strain.

Poisson's Ratio (v): The Poisson's ratio of latex rubber tubing signifies the ratio of lateral strain to axial
strain when the material is under stress. Latex rubber tubing is known to possess a low Poisson's ratio,
indicating minimal lateral expansion relative to longitudinal deformation when stretched. This
characteristic contributes to its resilience and ability to maintain shape under varying conditions.

Tensile Strength: Latex rubber tubing exhibits impressive tensile strength, enabling it to withstand
pulling forces without experiencing failure or rupture. This property ensures reliable performance and
longevity, particularly in applications where mechanical stress is prevalent.

Elongation at Break: Latex rubber tubing demonstrates significant elongation at break, allowing it to
undergo substantial stretching before reaching its breaking point. This feature enhances its flexibility and
resilience, enabling it to accommodate dynamic movements and fluctuations in operating conditions
without compromising performance.

Integrating Latex Rubber Tubing as the primary expanding component in Pneumatic Air Muscles (PAMSs)
presents an innovative approach to soft robotics and actuator technology. Leveraging the exceptional
flexibility and elastic properties of latex rubber, PAMs offer a versatile and efficient solution for various
applications in robotics, prosthetics, and automation.
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The remarkable flexibility of latex rubber tubing enables PAMs to replicate the natural movements and
behaviors of biological muscles with remarkable precision and adaptability. This flexibility allows for
smooth and fluid motion, facilitating lifelike movements and dexterous manipulation in robotic systems.
Whether in prosthetic limbs, robotic grippers, or exoskeletons, latex rubber-based PAMSs provide enhanced
mobility and functionality, enhancing the user experience in a wide range of scenarios.

Furthermore, the elastic properties of latex rubber tubing contribute to the durability and resilience of
PAMs, ensuring reliable performance over prolonged use. Latex rubber's ability to withstand repeated
stretching and contraction without permanent deformation or fatigue enhances the longevity of PAM-
based systems, reducing maintenance requirements and enhancing operational efficiency.

As the main expanding pipe in PAMs, latex rubber tubing enables precise control over pressure and
airflow, facilitating responsive and dynamic actuation. This fine-tuned control allows for adaptive and
responsive movements, enhancing the versatility and applicability of PAM-based systems in various
industries and environments.

In summary, the integration of latex rubber tubing in PAMs represents a significant advancement in soft
robotics, offering enhanced capabilities and performance in comparison to traditional materials. With their
exceptional flexibility, elasticity, and controllability, latex rubber-based PAMs pave the way for the
development of advanced robotic systems capable of performing tasks with greater efficiency and
accuracy. As research and development in soft robotics continue to progress, latex rubber-based PAMs
hold the promise of revolutionizing industries ranging from healthcare and manufacturing to exploration
and beyond.

3. Polyurethane Tube:

Polyurethane tubing, also known as pneumatic pipe, stands as a versatile and durable material extensively
used in pneumatic systems, fluid transfer applications, and various industries. Renowned for its
exceptional flexibility and elastic properties, polyurethane tubing offers a myriad of advantages, making
it a preferred choice for critical fluid handling tasks.

Flexibility: Polyurethane tubing boasts remarkable flexibility, allowing it to bend, twist, and conform to
tight spaces and complex configurations with ease. This inherent flexibility facilitates seamless installation
and routing in pneumatic systems, minimizing space constraints and enhancing overall system efficiency.
Whether navigating around obstacles or maneuvering through confined areas, polyurethane tubing offers
unparalleled versatility, enabling smooth and reliable fluid transfer in diverse environments.

Elastic Properties: Polyurethane tubing exhibits impressive elastic properties, attributed to the molecular
structure of polyurethane polymers. These properties enable the tubing to undergo deformation under
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stress and return to its original shape once the stress is relieved, ensuring resilience and durability in
demanding applications. Key elasticity parameters of polyurethane tubing include:

Young's Modulus (E): Polyurethane tubing typically features a moderate Young's modulus, indicating
its ability to resist deformation when subjected to external forces. This property enables the tubing to
maintain structural integrity and prevent permanent distortion, even under significant mechanical stress or
strain.

Poisson's Ratio (v): The Poisson's ratio of polyurethane tubing denotes the ratio of lateral strain to axial
strain when the material is under stress. Polyurethane tubing is known to possess a low Poisson's ratio,
indicating minimal lateral expansion relative to longitudinal deformation when stretched. This
characteristic contributes to its resilience and ability to maintain shape under varying conditions.

Tensile Strength: Polyurethane tubing exhibits impressive tensile strength, enabling it to withstand
pulling forces without experiencing failure or rupture. This property ensures reliable performance and
longevity, particularly in applications where mechanical stress is prevalent.

Elongation at Break: Polyurethane tubing demonstrates significant elongation at break, allowing it to
undergo substantial stretching before reaching its breaking point. This feature enhances its flexibility and
resilience, enabling it to accommodate dynamic movements and fluctuations in operating conditions
without compromising performance.

Incorporating Polyurethane Tubing as the primary expanding element in Pneumatic Air Muscles (PAMS)
represents a significant advancement in soft robotics and actuator technology. Leveraging the exceptional
flexibility and elastic properties of polyurethane, PAMs offer a versatile and efficient solution for a wide
range of applications in robotics, prosthetics, and automation.

The remarkable flexibility of polyurethane tubing enables PAMs to emulate the natural movements and
behaviors of biological muscles with remarkable precision and adaptability. This flexibility allows for
fluid and lifelike motion, facilitating dynamic movements and dexterous manipulation in robotic systems.
Whether in prosthetic limbs, robotic grippers, or exoskeletons, polyurethane-based PAMs provide
enhanced mobility and functionality, enhancing the user experience in various scenarios.

Furthermore, the elastic properties of polyurethane tubing contribute to the durability and resilience of
PAMs, ensuring consistent performance over prolonged use. Polyurethane's ability to withstand repeated
stretching and contraction without permanent deformation or fatigue enhances the longevity of PAM-
based systems, reducing maintenance requirements and enhancing operational efficiency.

As the main expanding pipe in PAMS, polyurethane tubing enables precise control over pressure and
airflow, facilitating responsive and dynamic actuation. This fine-tuned control allows for adaptive and
efficient movements, enhancing the versatility and applicability of PAM-based systems in various
industries and environments.

In summary, the integration of polyurethane tubing in PAMs represents a significant breakthrough in soft
robotics, offering enhanced capabilities and performance compared to traditional materials. With their
exceptional flexibility, elasticity, and controllability, polyurethane-based PAMs pave the way for the
development of advanced robotic systems capable of performing tasks with greater efficiency and
accuracy. As research and development in soft robotics continue to progress, polyurethane-based PAMs
hold the promise of revolutionizing industries ranging from healthcare and manufacturing to exploration
and beyond.

Results: Through an exhaustive review of academic literature, our research has culminated in the selection
of pneumatic air muscles (PAM) as a pivotal component in our exoarm project. Complementing this
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decision, we have meticulously identified and evaluated materials essential for constructing the exoarms

and facilitating object manipulation.

The main expansion tube of the pneumatic air muscles has been strategically chosen based on the

following materials:

e Latex Tubing: Extensive testing has demonstrated that latex tubing offers unparalleled elasticity and
freedom of movement, crucial characteristics for our exoarm design. Additionally, its lightweight
nature ensures optimal agility without compromising strength. Latex Balloons could also be used to
make Main tubing of muscles.

e Silicon Tubing: Our investigations have revealed that silicon tubing possesses exceptional elasticity,
capable of achieving up to 1cm of contraction with a thickness ranging between 2-5mm. However, it's
important to note that beyond this point, elasticity diminishes, leading to permanent deformation. This
nuanced understanding guides our material selection process, ensuring that our exoarms maintain peak
performance throughout their operational lifespan.

e High Strength Polyurethane Tubing: Notably, high strength polyurethane tubing emerges as a
formidable option for the main expansion tube of the pneumatic air muscles. While offering
exceptional durability and resilience, it presents unique challenges, demanding significantly high psi
pressure for expansion and minimal contraction. This characteristic necessitates precise calibration
and engineering to harness its full potential within our exoarm framework.

By incorporating these materials into our exoarm design, we anticipate achieving a harmonious balance

between flexibility, durability, and performance. This strategic synthesis of pneumatic air muscles and

tailored materials underscores our commitment to developing cutting-edge technology poised to
revolutionize human augmentation and assistive robotics.

6. Calculations:

Using latex rubber balloons with a wall thickness of 0.1mm to create pneumatic muscles is a creative
approach.

e Selecting Balloon Size:

Determine the size of the balloon you'll need based on the desired strength and range of motion of your
pneumatic muscle. Larger balloons generally provide more force but may have slower response times.

e Calculating Volume:

The volume of the balloon will determine its potential force output.

e Determining Pressure:

Decide on the pressure you'll use in the system. Typically, pneumatic systems operate between 20 to 100
psi (pounds per square inch), but this can vary based on your specific application and the strength of the
materials.

e Force Output:

The force output of the pneumatic muscle is determined by the pressure and the surface area of the balloon
in contact with the load.

e Material Considerations:

Latex rubber balloons have different properties compared to latex tubing. Test the elasticity and durability
of the balloons to ensure they can withstand the pressure and repeated use without rupturing.

e Attachment and Sealing:
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Ensure proper attachment of the balloon to your system and airtight sealing to prevent leaks. Consider
using clamps or adhesives designed for airtight sealing.

e Testing and Iteration:

Test your pneumatic muscle in controlled conditions, gradually increasing pressure and monitoring its
performance. Iterate on the design as needed to optimize strength, response time, and durability.

We’re using PAM's and instead of Latex Rubber tubing i'm using Long Latex rubber Party Balloons of
wall thickness 0.1mm.I have a balloon of 130mm length and i it to expand and get to a length of 1210mm
to lift up a weight of 20kg.

We have 2 Questions

1. how many balloons would i require

2. What Psi Pressure would i require (Max Psi pressure of 150Psi)

After Calculations we find out that we require 20 balloons which require 38 Psi Pressure to Calculate.

7. Future Scope

Building upon our current research and development efforts, the future scope of our project entails several
key advancements aimed at enhancing the functionality, reliability, and safety of our exoarm technology.
Stainless Steel Fabrication: In our pursuit of robustness and longevity, we plan to transition to stainless
steel for the fabrication of critical components within the exoarm framework. Stainless steel's exceptional
strength, corrosion resistance, and durability make it an ideal choice for withstanding the rigors of
extended use and adverse environmental conditions. This transition will ensure the longevity and
reliability of our exoarm system, providing users with a dependable tool for a wide range of applications.
Integration of Muscle Sensors: To further augment the user experience and improve interaction with the
exoarm, we propose the integration of muscle sensors. These sensors will enable real-time monitoring of
the user's muscle movements and exertion levels, allowing for precise and intuitive control of the exoarm's
actions. By leveraging muscle sensor technology, we can enhance user comfort, efficiency, and safety,
facilitating seamless integration of human and machine capabilities.

Implementation of Fail-Safe Mechanisms: Recognizing the paramount importance of safety in human-
machine interactions, we will incorporate fail-safe mechanisms into our exoarm design. These
mechanisms will serve as safeguards against potential malfunctions or unexpected events, automatically
triggering protective actions to prevent injury to the user or damage to the exoarm system. By prioritizing
safety through fail-safe design principles, we aim to instill confidence in users and stakeholders regarding
the reliability and trustworthiness of our technology.

Optimization of Air Compressor System: Building upon our utilization of a 300 psi air compressor, we
will further optimize the pneumatic system to ensure optimal performance and efficiency. This may
involve fine-tuning pressure levels, enhancing air delivery mechanisms, and exploring advanced
compression technologies to maximize power output while minimizing energy consumption. By
optimizing the air compressor system, we can enhance the overall effectiveness and usability of the
exoarm, enabling it to tackle a broader range of tasks with precision and reliability.

Through these strategic enhancements, we envision our exoarm technology evolving into a versatile, user-
friendly, and safety-centric solution for augmenting human capabilities across various domains. By
embracing stainless steel fabrication, muscle sensor integration, fail-safe mechanisms, and air compressor
optimization, we are poised to redefine the landscape of human-machine collaboration, paving the way
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for a future where advanced exoskeletal systems empower individuals to accomplish tasks with
unprecedented ease and efficiency.
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