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Distant Eye Monitoring Operation (DEMO) is a method of remote maintenance using
modern technology. It is widely used in remote operation applications, allowing workers to
monitor, diagnose and maintain equipment or systems remotely. This thesis aims to design
the end effector of a fastener robot for removing bolts on the doors in remote handling
applications. The design results are compared with other existing results. The existing
remote-operated robot systems often face the challenge of low efficiency and complex
operation, especially when delicate operations such as remote installation and disassembly
of doors are required. The end effector design proposed in this thesis aims to improve the
efficiency and safety of remote handling operations. 3D modeling software and finite
element analysis software are used to model and analyse the end effector.

In the mechanical design phase, the main components of the end effector, including the
operating rotor, gear and gear shaft, are selected or designed. The design process, design
specification and implementation mechanism of these components are presented in detail.
The operating rotors are rotated through the gear matching progress, thus achieving the goal
of disassembling the door in remote handling applications and improving work efficiency.
In the analysis phase, finite element analysis is used to test the components, observe the
stress distribution, until the test results meet expectations. Finally, the results are integrated
and analysed, and the limitations and challenges existing in the current technology are
identified. Potential solutions and alternative methods are then proposed.

This thesis presents an innovative solution for the task of disassembling doors in remote
handling applications. It also provides a useful reference for future research and application
in related fields.
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1. Introduction

Remote handling robots make it feasible for operators to carry out work in some extreme
environments, such as reactor facilities or underwater environments. However, existing
industrial robots often install and remove bolts one by one, which may be a time-consuming

process.

1.1. Background and motivation

In today's rapidly evolving industrial environment, there is a growing demand for efficient
and safe automation solutions for a wide range of tasks, it is important to reduce the amount
of labour and improve safety through automation (L1, et al., 2020). Remote operation in some
extreme environments is a key challenge in industrial automation, and many attempts and
efforts have been made to address this challenge. Take the International Thermonuclear
Experimental Reactor (ITER) project, an international collaboration, shown in Figure 1. Due
to adverse radiation conditions inside the reactor, the internal operation of the Tokamak must
be done by robotic manipulators. Therefore, the remote operation of robots is one of the
major challenges facing ITER and future fusion reactors (Chen, Cao, & Serikov, 2014).
Removing doors safely and efficiently in remote handling applications is also a current
challenge. Bolts are commonly used to form mechanical connections in mechanical
equipment, and they are usually used to hold more than one part in a semi-permanent stage,
but at the same time allow for disassembly by equipment that removes the fasteners. A bolt
tool is shown in Figure 2. The installation and removal of bolts are key activities for which

automated methods can be applied (Li, et al., 2020).



Figure 2. Bolt tensioner (Superbolt, 2024).

To achieve the purpose of remotely disassembling the door, the bolts on the door must be
uninstalled first. In existing industrial machines, series and parallel robots can perform this
task, but often industrial robots need to install and uninstall bolts one by one, a process that
take a lot of time. To optimize and address this challenge, this paper focuses on designing a
novel end effector for fastener robotic systems, designed to facilitate door disassembly in
remote handling scenarios in extreme environments. The main goal was to design an end
effector that would allow the robot to install and unload multiple bolts in a single run, while
also meeting the needs of working in extreme environments, thereby simplifying the

disassembly process and increasing overall efficiency. The application of this research to
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remote handling can reduce the risk of manual operation and improve the safety of work.
Not only in extreme environments such as reactor facilities and underwater, but also in
hazardous workplaces such as high temperature, high pressure, and toxic environments. At
the same time, due to the improvement of overall efficiency, a large number of resources
such as electricity and materials can be reduced, which helps to reduce the adverse impact

of industrial production on the environment and promote sustainable development.

1.2. Objectives and scopes

In order to improve manufacturing efficiency and reduce expensive labour costs, commercial
robotic manipulators have been applied to automated operations (Jiang, Xi, & Bi, 2022), and
robotic end effector are also widely used. It is found that previous research in the field of
robot end effector mainly focus on tasks such as grasping, moving and assembling, and pay
limited attention to disassembly applications. In the scenario of remote transportation,
installation and disassembly tasks are very important. Through the study of existing end
effector, I found an end effector for tightening the bolt from the side, which can only act on
one bolt at the same time, and often lacks the precision and accuracy required for remote
disassembly tasks, resulting in task inefficient tasks and operational challenges in extreme

environments requiring remote operation (Tao, et al., 2022).

This study aims to address this gap by designing a compliant end effector that enables the
robotic system to install and unload multiple bolts simultaneously in a single operation
during the task of remotely removing the door, shortening the task time and improving
overall efficiency and safety. By studying the limitations of existing results and developing
innovative solutions, this research aims to contribute to the advancement of automation

technology in teleprocessing applications.

To achieve the research objectives, a multidisciplinary approach will be used to integrate
mechanical design, robotics and automation technologies. The design process will include
conceptualization, 3D-modeling design, and FE-analysis, functional testing and verification

of the end effector to ensure its reliability, efficiency, and compatibility with robotic systems.
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2. Methods

In this thesis, modeling software and finite element analysis software are used to model and
analyse the concept. This part includes modeling methods and concrete steps of finite

element analysis to ensure that the concept design meets the requirements.

2.1. CAD modelling and drawings in SolidWorks

In the modeling section, concept is designed and modeled using SolidWorks. It’s a 3D
modeling software widely used in mechanical design, product design and engineering
applications. Allows users to create a variety of complex parts and assemblies. Users can use
a variety of modeling tools and techniques to implement their design concepts; Multiple
parts can be assembled into assemblies and analysed and adjusted; Constraints and
relationships can be easily added to ensure the correctness and stability of the assembly;
Motion simulations can be performed to ensure that the assembly will function as required
(SOLIDWORKS, 2024). Users can also use SolidWorks to generate 2D drawings, add
annotations and dimensions, select materials, and perform structural analysis of parts and

assemblies to evaluate the performance and reliability of designs (Almattar, 2019).

2.1.1. Design of the end effector

In this thesis, we will first design the structure of the end effector of the fastener robot
according to the requirement of disassembling the door in the remote handling task and put
forward the preliminary conceptual design. The concept requires sufficient force and precise
control to remove the bolts on the door while ensuring safe and stable operation. The design
process will consider a number of factors, including the choice of materials, the shape and

size of the effector, in order to ensure that it can work effectively in a remote environment.

Next, I modeled the end effector 3D using SolidWorks software. In the modeling process, I

gradually refined the shape and internal structure of the robot's end effector according to the
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design requirements and initial concept. According to the requirements, I have preliminarily

planned the design content.

It is first necessary to consider the external structure. It is essential to ensure that the end
effector can be connected with the robot, so it is necessary to design a connector, in addition
to the shell and the upper cover, which collectively constitute the finished effector. In order
to meet the design requirements of "robot install and uninstall several bolts at the same time
in a single run", it is necessary to design multiple bolt screwing devices. Based on the
concept model, it was determined that five operating rotors, with a hexagonal shape and
designed to accommodate hex bolts, should be established. The five rotors are arranged in a
horizontal line, which facilitates the simultaneous removal of a row of bolts on the door in

remote handling applications.

The internal structure is comprised of a series of components, including gears, drive and
driven gear shafts, idler shafts, a motor shaft and bearings. These components are arranged
in a manner that allows for the rotors to rotate in a controlled manner. I exported all the
desired gear shapes through the toolbox that came with SolidWorks software and manually
modified the number of teeth. The drive, driven and motor gears are set to 20 teeth, the idler
and gear are set to 10 teeth, and the transmission ratio is 1:2. In order to guarantee that the

five rotors can rotate in the same direction, it is necessary to plan the internal gear fit.

2.1.2. Implementation of mechanisms

According to the concept design, this concept requires a motor shaft, a drive gear shaft, four
driven gear shafts, four idler shafts and a gear connected to the motor shaft and the drive
gear shaft, as well as several bearings. The motor shaft is connected to the robot and is
responsible for providing power, and the gear is connected to the motor shaft and the drive
gear shaft, which leads to power transmission through the meshing of the gear, thus driving

the rotation of the drive gear shaft (Jelaska, 2012), as shown in Figure 3.
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Figure 3. Sketch of the concept.

In the gear transmission structure of the shell, the drive gear shaft is the shaft responsible for
providing power, driving the drive gear by rotating, so as to make the entire transmission
system run. The driven gear shaft is a shaft that passively receives power and rotates by
receiving the power transmitted by the drive gear shaft. The driven gear shaft is connected
with the rotor, which can drive the operation of the rotor and realize the function of power
transmission. Idler shaft is an additional shaft in the structure, as an intermediate
transmission device, connecting the drive gear shaft and the driven gear shaft, used to change
the gear transmission direction, so that the rotor rotates in the same direction (Goldfarb,

Trubachev, Barmina, & service), 2018), as shown in Figure 4 and Figure 5.
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Figure 5. The relationship between driving gear, driven gear and idler gear.

2.2. Finite element analysis in ANSYS

ANSYS is a powerful engineering simulation software used to solve complex problems in a
variety of engineering fields. ANSYS supports simulation analysis of multiple physical
fields such as structural mechanics, heat conduction, fluid dynamics, electromagnetic fields,
acoustics, and more for performing structural analysis with advanced solver options,
including linear dynamics, nonlinear, thermal analysis, materials, composites, fluid

dynamics, explicit, and more (Ansys, 2024).

ANSYS provides a variety of modeling and analysis tools, including finite element analysis,
computational fluid dynamics, electromagnetic field analysis, coupled field analysis, to meet
the simulation needs of different engineering problems. This thesis mainly uses the
simulation analysis of structural mechanics to carry on the finite element analysis of the
concept. We use ANSYS to define the properties of the material used in the concept,

including its elastic modulus, Poisson's ratio and yield strength. The loads and boundary
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conditions applied to the end effector are defined, including the forces and constraints on the
end effector during the process of removing the door. The stress and deformation are

calculated by ANSYS, and the values meet the requirements by optimization.

I will analyse the external structure of the end effector. The selected material is 42CrMo4,
which has the characteristics of high strength, high temperature creep strength and high
tensile strength (Ringworld, 2020). The key parameters are shown in Table 1.

Table 1. Key parameters of 42CrMo4.

i ] Property | Value

2 | §4 Materal Field Variables 3 Table

3 | T4 Densty | 7.85 kg m~-3
4 |8 A Isotropic Elasticity

5 Derive from . Young's Modulus and Poisson's Ratio x|

6 |  Young's Modulus 2.12E+11 Pa

7 | Poisson's Ratio 0.28

8 Bulk Modulus | 1.6061E+11 Pa

9 Shear Modulus 8.2813E+10 Pa

By analysing the model construction, I placed the constraint on the surface of the connector,
and the distributed load was applied on the bottom surface of the shell, in an upward direction,

as shown in Figure 6.

Fixed support

Pressure (MPa)

Figure 6. Setting of constraint and distributed load.

Calculate the distributed load that needs to be added:
Gross weight of concept:

m = 1.389kg
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Kilogram to Newton conversion:
1.389kg = 13.62N =G
Forces acting on the fixed support:
F = 200N — 13.62N = 186.38N
Bearing area of the fixed support:
S =m(0.04)? — (0.005)% = 4.95 X 1073m?

Distributed load:

F
P =

5= 37653Pa = 0.03765MPa

2.2.1. Stress

Stress is one of the key physical quantities in finite element analysis using ANSYS. Stress
refers to the force per unit area, usually used to describe the internal force state of the object.
There are generally three types of stresses in finite element analysis: Normal stress: stress
caused by a force perpendicular to the direction of the section. Shear stress: stress caused by
a force parallel to the direction of the section. Equivalent stress: a stress measurement that
combines stresses in different directions into a single value, usually used to assess the failure
strength of a material (Ansys, ANSYS BLOG, 2023). The von mises stress we mainly

analysed belongs to the equivalent stress.

Stress analysis helps to understand how the structure is stressed and whether the material
will reach its strength limit under different working conditions. It also helps to predict the

life and performance of the material in the actual working environment.

2.2.2. Deformation

Deformation is another key physical quantity in finite element analysis. It’s the change in

shape or size that occurs when a material or structure is subjected to external loading. There
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are usually two cases of deformation, linear deformation: the deformation of the material
and the force are linear in the case of small stress or deformation is not too drastic. Nonlinear
deformation: The deformation and force of the material are nonlinear in the case of large
stress or severe deformation, and there may be plastic deformation, yield and other

phenomena (CEI, 2024).

Deformation analysis is helpful to understand the shape change of the structure under load.
By analysing deformation, the stiffness, stability and deformation ability of the structure can

be evaluated, to optimize and improve the structural design.

3. Result

According to the design method, I conducted detailed modeling and finite element analysis
of the concept. This section includes the results of 3D modeling of the end effector, including
the geometry and dimensions of the individual components. The results of finite element

analysis and engineering drawings are also included.

3.1. CAD model of parts

The following are the modeling results of the end effector components in Figure 7 to Figure

10.

Figure 7. CAD of parts (a. Connector. b. Cover.)
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Figure 8. CAD of parts. (c. Shell. d. Operating rotor.)

Figure 10. CAD parts. (h. Motor shaft. i. Gear.)

18
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3.1.1. Overview of the end effector

After assembling the modeled parts according to the design mechanism, a complete
assembly is formed. The figures below show the assembly shape in Figure 11, the internal

structure of the assembly in Figure 12, and the exploded diagram in Figure 13.

4 3

Figure 11. Assembly shape of the end effector.

Figure 12. Internal structure of assembly.

Table 2 shows the parts that make up the shape and the internal structure of the end

effector as indicated in Figure 11 and Figure 12. Parts are listed by serial number.



Table 2. Parts description in Figure 11 and 12.

20

Name and Function

Connector. Connect to the robot.

Cover. End effector upper cover.

Shell. End effector shell.

Operating rotor, for screwing bolts.

Motor shaft. Connected to the robot, responsible for providing power.

Gear. Transfer power, drive the driving gear shaft to rotate.

Driven gear shaft. Passively receives power.

Idler shaft. Used to change the drive direction.

O| 0| Q| | | Bl W| N

Driving gear shaft. Responsible for providing power.

—_
()

Bearing. Transfer power, load, etc.

Figure 13. Exploded diagram.
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3.1.2. Drawing

The following figures show the exploded view, and the components are marked in the
drawing. Engineering drawings of two important parts of the concept, the cover and the shell,

and their dimensions are also shown in Figure 14, 15 and 16.

PART NAME

Shell

Bearing

Driven gear shaft

Cover

< Operafing rotor <
Driven gear shaft
Gear

Connecfor

Motor shaft
8 Idler gear shaft 8

" Exploded view

Al A

No.1 -

Figure 14. Exploded view.
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3.2. Finite system analysis results

After the modeling was completed, [ imported the designed end effector model into ANSYS
software for finite element analysis. After setting the selected material, setting the pressure

and the constraint, the stress and deformation of the model will be obtained.

The surface where the constraint and distributed load are added are shown in Figure 17 and

Figure 18.

Figure 17. Fixed support added to concept.

Figure 18. Pressure added to concept.
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3.2.1. Stress

The stress analysis result of the concept is shown in Figure 19. The maximum equivalent

stress is 3.6284MPa.

Figure 19. Equivalent stress of concept.

3.2.2. Deformation

The deformation analysis result of the concept is shown in Figure 20. The total deformation

1s 0.0023mm.

Figure 20. Total deformation of concept.
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4. Analysis

The key problems, methods and results involved in this study are deeply analysed and
discussed in this part. It includes the evaluation and comparison of design methods and
mechanisms, as well as the evaluation and summary of the methods and results of finite

element analysis.

4.1. Evaluation of design choices

The purpose of this thesis is to design a fastener robot end effector for door removal in
remote handling applications. This section will focus on the evaluation of design choices in
modeling. According to the design choices, the end effector uses a gear fit mechanism to
gain power, and by turning five operating rotors simultaneously, the purpose of removing

multiple bolts in a single run will be achieved.

The concept consists of a connector, cover and shell, operating rotor, motor shaft and gear,
drive gear shaft, driven gear shaft and idler shaft, and bearings. The connector is the key part
of the connection between the robot and the end effector. Whether it is stable and reliable
determines the stability of the whole effector, and it should be able to withstand the force
and torque during the robot movement. The cover and shell constitute the external structure
of the concept, which needs to be designed to be light and robust, according to the design,
its shell is only one millimetre thick. The rotor, motor shaft and gear constitute the concept
power transmission system, and the precision and fit of the gear must be ensured to achieve
efficient energy transfer and precise rotation control. The drive gear shaft, driven gear shaft
and idler shaft are the core parts of the gear matching mechanism, and their strength, wear
resistance, stability and correct matching are very important. Bearing is an important part to
ensure the smooth operation of the mechanism, and it is necessary to select the appropriate

type and specification.
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4.1.1. Pros and cons of each mechanism

According to the design choices, this thesis chooses the gear matching mechanism to provide
power. The advantage of this mechanism is that it enables efficient power transfer and
precise rotation control, which improves the stability and reliability of the system and is
suitable for applications requiring high torque and precision, such as installing and removing
bolts in remote applications. This mechanism also has a good durability, reasonable design
and the use of high-quality materials can effectively extend the service life of the gear system,
reduce the frequency of maintenance and replacement, reduce labour costs and use costs.
The disadvantage is that the gear fitting mechanism usually requires precision machining
and assembly, and the concept model design provided in this thesis is more expensive in

practical operation and production.

4.1.2. Impact of design decisions on performance

The design decisions have an important influence on the performance of the gear matching
mechanism. The right material selection directly affects the durability and reliability of the
gear system and is critical to the performance of the concept. For gear and bearing
components, engineering materials with high strength and wear resistance need to be
selected, such as 20CrMo, and the material I chose for the concept external structure,
42CrMo4. The structural design directly affects the stability and durability of the concept.
Reasonable design of connector, external structure and internal mechanism can improve the
stability and life of the whole system. Selecting the appropriate gear type and parameter
design can achieve the required transmission ratio and speed and ensure the stability and
accuracy of the system. The design position and size of the idler need to match the drive and

driving gears to ensure the coordinated operation of the system.
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4.2. Finite element analysis insights

Finite element analysis can be used to simulate and predict the stress and deformation of
materials under different working conditions. When designing the concept, finite element
analysis can help evaluate the properties of different materials, optimize the design scheme,

and ensure that it meets the requirements for safety and reliability.

Through finite element analysis, we can compare the stress of different materials under the
same working conditions to evaluate their applicability and performance. The material
chosen for the design method in this thesis is 42CrMo4, which we can compare with other
commonly used engineering materials, such as AISI1045. According to the previous analysis,
we can obtain the stress distribution and deformation of 42CrMo4 material. It is observed
that the maximum stress area is distributed at the connection between the connector and the
concept cover, and the maximum deformation area is distributed at the rightmost end of the
cover. By comparing the stress distribution of these two materials, we can get the difference
of their stress state under the same working condition. The stress and deformation
distribution areas of the two materials are basically the same, but 42CrMo4 shows higher
strength and hardness, resulting in a more uniform stress distribution and fewer stress
concentration areas. AISI1045 shows a lower strength, and more stress concentration areas
appear under the same working condition. When assessing the stress, we should consider
adding an appropriate safety factor, which can ensure that the end effector can work safely
and reliably even when the operating conditions change or there is uncertainty about the

change. Here the safety factor is set to 3.

4.2.1. Correlation between stress points and failure risks

In the analysis, high stress points appear at the junction between the connector and the cover.
This region is where the geometric characteristics of the concept change, and it is easy to
concentrate stress, resulting in a stress concentration effect, increasing the risk of material
failure. This means that parts near high stress points, cover and connector are more prone to
fatigue fracture or plastic deformation. The stability of the connector is very important to the

stability of the whole system. The strength, hardness and toughness of the material are
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closely related to the failure risk, and the use of high strength and good toughness materials
at high stress points can reduce the failure risk. Therefore, we chose 42CrMo4 with high
strength and good toughness for the concept, which reduces the risk of failure to a certain

extent.

4.2.2. Recommendations for material and design

Based on the analysis of the correlation between the corresponding force points and the risk
of failure, the following recommendations are made for materials and design. 42CrMo4 has
good strength and hardness, suitable for high stress and high load applications. This material
is suitable for use in key parts of the concept, such as gears, bearings, connector, cover, to
improve the durability and reliability of the structure. AISI1045 has high toughness and
machinability, and is suitable for more conventional part, such as shell, to balance the needs
of cost and performance. In the design, the geometric characteristics of the parts should be
minimized to avoid excessive sharp corners and excessive dimensions, which helps to reduce

the stress concentration effect and reduce the risk of failure.

5. Discussion

In this thesis, we design a fastener robot end effector designed for door removal tasks in
remote handling applications. This section will discuss the limitations and challenges
encountered during the design process, the limitations of current technologies, and possible

solutions and alternatives.

5.1. Limitations and challenges

During the design process, we encountered some limitations and challenges. The first is the
load capacity limitation, the end effector needs to be able to withstand the weight of the door

and apply enough force to remove the bolts on the door, which requires the end effector to
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have sufficient load capacity while maintaining the stability of the structure. Then there is
the requirement of accuracy, the process of removing the bolts on the door requires high
precision operation, especially to achieve the purpose of removing multiple bolts in a single
run. The end effector must have sufficient precision to ensure accurate task execution while
avoiding accidental damage. There is also the difficulty of remote operation. In extreme
environments, the operator usually cannot directly contact the task target, which increases
the difficulty of operation. The design needs to consider the portability and practicality of

remote operation.

5.1.1. Technical limitations

At the current state of the technology, there are some limitations that affect the application
of end effector. End effector in remote handling applications require a stable power supply.
Although the concept designed in this thesis has been able to meet the purpose of removing
multiple bolts at the same time, but remote handling applications still need to take time to
remove the door, the current battery technology may be limited by capacity limitations, long
charging time, low energy density problems, thus affecting the working time and efficiency
of the robot. There may also be a lack of environmental adaptability, in complex
environments, such as irregular terrain or extreme environments, existing technologies may
be difficult to adapt. This limits the robot's mobility and operational flexibility. High cost is
also a factor limiting end effector applications, as current robotic systems are often expensive
and lack standardized solutions, which limits end effector research and production as well

as large-scale applications.

5.1.2. Potential solutions and alternatives approaches

For power applications, fuel cell technology can be researched and applied to provide longer
working hours and higher energy density, while reducing the dependence on charging
facilities, thereby increasing the flexibility and sustainability of the robot's operation. It is

also possible to design a solar charging system and integrate it on the robot, using solar
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charging panels and battery packs to achieve continuous power supply, which is suitable for

outdoor long time task execution.

For the problem of environmental adaptability, a deformable robot structure can be designed
to make morphological adjustment according to different work scenes and task requirements,
to improve the adaptability and flexibility of the robot. Lightweight, high-strength materials,
such as carbon fibre composites, can also be used to reduce the robot's self-weight and

improve movement efficiency and energy utilization.

For high-cost problems, modular design and production industry can be adopted to reduce
manufacturing costs and improve production efficiency, while realizing the customization
and rapid assembly of robots. It can also work with manufacturers to develop more
economical robotic solutions and promote standardization to improve system scalability and

operability.

5.2. Comparison with existing solutions

Compared to existing solutions of door removal tools or manual operation, fastener robot
end effector has the advantages of automation, remote operation and high efficiency.
However, its limitations are limited by technology and cost, and it has not been fully
popularized and widely used in all environments. Therefore, we need to continuously
improve and innovate to overcome these limitations and make robotics more accessible and

reliable.

5.3. Outlook of future

Fastener robot end effector have great potential in the field of door disassembly in future
remote handling applications. With the continuous development of artificial intelligence and
autonomous robot technology, the future fastener robot end effector will become more
intelligent and autonomous. They will be able to autonomously plan paths, sense the
environment in real time, make decisions and perform tasks autonomously, resulting in more

efficient and flexible operations, increased efficiency and labour cost savings. Future end
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effector will have more functions and a wider range of adaptability. In addition to the task
of disassembling doors, they may also be able to perform a variety of other remote tasks
such as handling, assembly, cleaning, etc., enabling versatile applications. Future robotic
systems will focus more on human-machine collaboration and collaborative work. Robots
can not only perform tasks independently, but also work closely with human operators to
complete complex tasks, improving work efficiency and safety. Future end effector will
focus more on sustainability and environmental protection. Adopt more efficient and cleaner
ways to supply energy, reduce environmental impact, and push robotics in a more sustainable

direction.

There are still some shortcomings. For example, robot systems still have certain limitations
in the perception and cognition of the environment. Especially in complex work scenarios,
it is often difficult for robots to accurately perceive and understand the environment,
resulting in insufficient intelligence and flexibility in operation. Existing energy supply
methods still have certain limitations, such as limited battery life and low charging efficiency.
Robots of the future will need more efficient and cleaner ways of supplying energy to support
long working hours and a wider range of applications. In remote handling applications, the
reliability and safety of robots are of Paramount importance. The current robot system still
has some shortcomings in this respect, such as high system failure rate and insufficient
security. The robots of the future need more reliable and safer designs and technologies to

ensure job stability and safety.

All in all, I am very excited about the prospect of fastener robotic end effector. Intelligent,
multi-functional and sustainable end effector in remote handling applications will be realized
in the future, but there are still some technical and engineering challenges to overcome.
Through continued innovation and cooperation, it is believed that these challenges will

eventually be solved, opening up broader prospects for the development of robotics.
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