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ABSTRACT
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With advancements in technology, fusion energy emerges as a sustainable solution to
mitigate carbon dioxide emissions and address the challenges of climate change. Recent
years have witnessed the construction of numerous fusion reactors aimed at harnessing this
promising energy source to its fullest potential. To ensure the safe and efficient operation
of fusion reactors, remote-controlled industrial robots and machines play a vital role in
conducting daily maintenance tasks within the complex and hazardous reactor environment.
However, selecting the most suitable industrial products for fusion reactor maintenance

poses a challenge due to the unique requirements and environmental considerations.

This thesis focuses on providing an overview of the DEMO fusion reactor, including its
environmental conditions, structural aspects, and essential maintenance tasks. By
thoroughly analyzing the specific maintenance needs of fusion reactors and evaluating the
latest industrial products available, the aim is to identify and implement optimized
solutions to enhance the efficiency of fusion energy production processes. The outcomes of
this research endeavor will not only facilitate the selection of appropriate machinery
tailored to the demands of fusion reactor maintenance but also contribute to the

advancement of nuclear fusion technology as a whole.

Ultimately, this study has the potential to accelerate progress in fusion energy research,
thereby supporting global initiatives aimed at combating climate change and fostering

sustainable development.
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1 Introduction

1.1 Background and Motivation

Due to the increasing world population and the development of technology, our demand of
energy continues to increase. The volume of green gases has been rising continuously since
the period of industrial revolution, causing the severe problem climate change submerged.
To respond to climate change and achieve the goal of carbon neutrality, finding sustainable
resources is urgent. Fusion is served as a long-term and secure source of generating
electrical power without releasing green gases (Qiu, 2001) . Due to raw material can be

acquired from sea and less radiation waste is produced comparing with nuclear fission,

which make fusion energy as an almost infinite and clean energy (Hart, 2022).

To secure fusion energy technology, many tokamak nuclear fusion reactors have been built
consequently, including China Fusion Engineering Test Reactor (CFETR), International
Thermonuclear Experimental Reactor (ITER) and Demonstration Power Station (DEMO).
Tokamak is a device designed to achieve nuclear fusion, consisting of a toroidal vacuum
chamber (known as the tokamak) and a series of magnetic coils. It works by controlling the
high temperature and pressure of plasma to release energy through nuclear fusion reactions.
The international thermonuclear experimental reactor (ITER) is a experimental nuclear
fusion device will provide an integrated scientific and technical foundation for the
demonstration reactor and the fusion energy power plant. (Holtkamp, 2007; Feng, 2009).

The DEMO reactor concepts proposed so far were focused on producing 1 GW electricity
with the best plasma performances and a very effective power conversion rate (Maione,
2021). The China Fusion Engineering Test Reactor (CFETR) will be built to bridge the gap
between the ITER and the Demonstration fusion power reactor (DEMO) of European to

realize the fusion energy in China (Wan, 2014).



Tokamak nuclear fusion reactors contributes doing research on harnessing fusion resource,

but there are some constraints in it with challenges. The primary constraints addressed in

tokamak are as follows (Jimenez, 2021):

1.

Severe environmental conditions: These conditions hasten the deterioration of robotic
systems and sensors, necessitating heightened robustness requirements.

Robotic deployment: Robots must maneuver into and out of challenging worksites
adjacent to the reactor core, demanding high survivability and efficient utilization of
limited space. This deviation from conventional industrial practices, where factories are
structured around stationary robot lines, impacts the design of supporting robot
infrastructure, including service provision, stable mounting points, positional datums,
rescue and recovery, etc.

Absence of human access: Reactor locations may lack human operators to execute
tasks such as installation, commissioning, troubleshooting, repair, or rescue, typical in
traditional industrial environments.

Variable and unpredictable component conditions: Maintenance task parameters for
components in unique plants are uncertain, requiring automated systems to exhibit
increased flexibility and adaptability.

Operation within regulated environments: Employing automated systems in nuclear
settings necessitates meeting stringent verification and validation (V&V) requirements
for regulatory approval. This is especially complex when integrating artificial

intelligence, as V&V becomes an intricate and ongoing challenge.

Figure 1. The structure of ITER (iter.org, 2024).



This thesis concentrates mainly on DEMO, which is part of the International
Thermonuclear Experimental Reactor (ITER) successor project, aiming to develop and
verify key technologies for commercial thermonuclear fusion power plants. DEMO aims to
achieve long-term stable thermonuclear fusion reactions and generate enough energy to
supply the power grid. Its design goals include achieving a net energy gain (Q value
greater than 1), where the reactor produces more thermonuclear energy than is needed to
start and sustain the reaction. DEMO also needs to prove the feasibility and economics of
thermonuclear fusion technology and provide a technical and experience basis for the

construction of commercial thermonuclear fusion power plants in the future.

DEMO reactors usually adopt the design of a tokamak device, in which the plasma is
stabilized in a vacuum vessel by magnetic field confinement (V. Curato et al, 2022).
Similar to other thermonuclear fusion reactors, DEMO needs to deal with high-energy
neutrons produced by high-temperature plasma, which can cause damage to the reactor
structure and components. In order to ensure the safe and reliable operation of the DEMO
reactor, various maintenance and management tasks are required. This includes regular
inspection and maintenance of equipment, handling radioactive materials, replacing
damaged parts, cleaning work areas, etc. Robots play an important role in these

maintenance tasks, increasing productivity and reducing the risk of personnel exposure to
radiation. As shown in figure (Kumar, 2008) , to make it easier to achieve high-

performance plasma conditions, fusion reactors often involve hazardous environments,
including high temperature, vacuum, radiation etc. Due to the complexity of operation

environment, it’s impossible for human operators to personally inspect and clean.
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Figure 2. General layout of EU DEMO tokamak. Main components and their operating
temperatures are highlighted (V. Curato et al, 2022).

In order to specifically analyze the fusion process with ensuring the safety of human
operators, the utilization of remote handling industrial machines is used. Daily
maintenance of fusion reactors is totally completed by various functional robots and
machines, for not only leading the movement of operations but also improving efficiency
of research. Therefore, choosing suitable and versatile industrial machines and robots is
important and highly valued, which should be considered from technological,
environmental and economic aspects. At present, innumerous industrial machines have
been invented and updated from different companies all over the world, indicating the
process of choosing functional industrial machines is not a simple task. Despite some of
them have similar functions during operating time, choosing one or more suitable options
is worth deeply analyzing. Because industrial robots and machines with better performance

are able to improve efficiency of research and get predictable results.

1.2 Thesis objectives

The objective of this bachelor thesis is to analyze the existing industrial machine products
comprehensively according to their functions and structures, then draw conclusions
regarding the suitable industrial machines for implementing specific tasks in fusion reactor.
The selection process considers the complex environment of fusion reactors, with a

particular focus on the DEMO reactor. By leveraging the parameters, structure, and
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maintenance requirements of DEMO and doing research on its required maintenances, this
thesis aims to identify current industrial products that align with its needs. By analyzing
the tasks performed by industrial robots and machines in DEMO, the study aims to
compare the characteristics of different industrial robots to determine which products offer

optimal performance in achieving project goals.

1.3 Research contributions

The findings of this study promise to not only guide the selection of appropriate machines
tailored to specific reactor requirements but also drive advancements in nuclear fusion
reactor technology. By facilitating the deployment of suitable industrial machines, this
research can bolster the efficiency and safety of operations within fusion reactors, thereby
laying the groundwork for cleaner energy sources and significantly contributing to

environmental protection.

The insights gleaned from the analysis of existing machines will not only steer further
research but also ignite innovation in the design and development of remote handling
systems for fusion reactors. Consequently, this research holds the potential to expedite
progress in fusion energy research and bolster global efforts toward climate change

mitigation and sustainable development.

Furthermore, by providing a comprehensive understanding of current industrial robots and
machines, this thesis offers invaluable insights for practitioners and researchers in the field.
It furnishes industrial companies and research institutions with a thorough overview of
available technologies in the market, fostering a deeper comprehension of existing
commercial products. This focus on current industrial robots and machines ensures that the
latest technological advancements in the field are explored, enabling the adoption of
advanced technologies that enhance the efficiency and effectiveness of remote

maintenance tasks and push the boundaries of what is currently achievable.
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2 Methods

The research methods employed in this study primarily involve literature review and
software analysis. Firstly, check the required tasks should be accomplished in the fusion
reactor, including lifting, cleaning, etc. Secondly, through a thorough review of relevant
literature, a wide range of industrial products including different types will be identified
and analyzed collectively. With deeply analyze them of various parameters, sorting
different products based on its functions and structures, the datasheets would be conducted
in order to provide a clear presentation. Professional software tools will be utilized to
check fusion reactor geometry CAD, such as mass of different components, and the size of
ports. Finally, check if industrial products can access the fusion reactor, comparing size of
machines with fusion reactor geometry and choosing the suitable products with relevant

suggestions eventually.

In conclusion, this bachelor thesis endeavors to provide valuable insights into the selection
of industrial machines for specific tasks, with a focus on their applicability in the context
of fusion reactor environments. By leveraging the parameters and maintenance demands of
the DEMO reactor, the study aims to identify industrial products that offer optimal
performance. Through rigorous analysis and comparison of various industrial robots, the
thesis seeks to inform decision-making processes and facilitate the implementation of

effective solutions in fusion reactor maintenance and operation.

As mentioned in method, firstly, the required tasks should be analyzed. In the following
content, some important tasks should be completed by industrial products in DEMO are

presented, including lifting, inspection, cleaning, transportation and repairing tasks.

2.1 Lifting

DEMO is a port-based tokamak fusion reactor where the fusion reaction takes place in a

plasma at very high temperatures in a vacuum vessel. Magnets are used to confine the

plasma and these form a magnetic cage around the vessel (Fig. 3). Due to the high-
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energy neutrons produced in the fusion reaction, thick shielding is necessary around the
exterior of the machine. The intense neutron flux can cause damage to the plasma-facing
components, necessitating their replacement multiple times over the machine's lifespan.
These components include the breeding blankets lining the vessel walls and the cassettes
comprising the divertor at the plasma null strike points. When a component cannot be
repaired on-site, it must be lifted for removal. This lifting process may occur directly from
the upper port or involve transporting the component outside the main body of the tokamak
for removal or lifting. The maintenance and handling of these components, particularly the
blankets which can measure up to 12 meters in length and weigh up to 80 tons, demand

precise maneuvering along intricate paths and through tight clearances. Lifting these

components is a crucial method for ensuring the smooth operation of the fusion process (V.

Curato et al, 2022).

Breeding
blankets

Upper ports

Toroidal field
magnets

Equatorial
ports

Poloidal
field
magnets

Lower ports
Divertor
casseltes

Vacuum vessel

Figure 3. left: section view of one machine sector; right: the magnetic cage, vessel and
ports (V. Curato et al, 2022).

2.2 Inspection

In DEMO, regular inspection is one of the key measures to ensure the safe operation of
reactor equipment and systems. These inspections cover the performance and status of all
aspects of the reactor, including mechanical components, electronic equipment, control
systems, and radiation protection measures. The importance of regular inspections is
reflected in many aspects: first, it can detect potential problems and hidden dangers of

equipment early, prevent small problems from turning into major failures, and ensure the
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stability and reliability of reactor operation; second, regular inspections help monitor The
performance changes and trends of the reactor provide data support for preventive
maintenance and extend the service life of the equipment; in addition, regular inspections
are also an important means to ensure that the reactor meets compliance and safety
standards, helping to protect the health and safety of workers. and reducing environmental

risks. To sum up, regular inspection plays an important and irreplaceable role in DEMO

and is an important safeguard measure to ensure the safe and stable operation of the reactor

(Bongiovi, 2019).

Using camera-equipped devices to inspect hard-to-reach areas, such as elevated structures,
pipes, tanks, and equipment in hazardous environments. For example, during a
maintenance outage drones can be used to inspect the structure of the blanket. The blanket
modules cover the inner walls of the vacuum vessel, and despite the water coolant that

collects the heat energy, they are subjected to heat and high-energy from neutrons.

2.3 Transportation

In the DEMO project, the importance of transportation tasks cannot be overstated. These
tasks involve the timely and accurate delivery of various materials, equipment, and energy
from one location to another, providing critical support for the normal operation and

maintenance of the reactor.

Firstly, transportation ensures that fusion fuels, materials, and components are transported
into the reactor promptly and accurately, thus sustaining the continuous operation of the
reactor and facilitating fusion reactions. For example, the expected transportation time
varies depend on the chosen transformation path as shown in the figure 4. Secondly,
transportation tasks contribute to the safety of nuclear fusion reactions by reducing
environmental and personnel risks through the timely transport of waste and by-products to
appropriate treatment facilities. Additionally, transportation supports maintenance, repair,
and upgrade work on reactor equipment by expediting the delivery of necessary materials
and components to the site, accelerating maintenance progress, and enhancing equipment

reliability and efficiency as figure shown. Lastly, an effective transportation system and
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industrial robots can improve operational efficiency, reduce transportation costs, and

contribute to the commercialization goals of the project (Vale, 2019).

100 M Total time assuming the shortest path (hours)

80 Total time assuming the longest path (hours)

60

40

* L 0 I

0 [
Cask Hot cell Upper Equatorial  Equatorial
Upper level Equatorial level Divertor level Basement level

Figure 4. Expected time duration of ex-vessel operations of transportation in the reactor
building (Vale, 2019).

In summary, the strategic planning and effective management of transportation tasks are
crucial for achieving the long-term success and sustainable development of the DEMO

project.

2.4 Cleaning

In the cleaning process of the DEMO reactor, the removal of contaminant particles and
debris resulting from reactor damage is paramount. This process involves several
sequential steps. Firstly, the reactor is thoroughly brushed and vacuumed to eliminate loose
particles. Subsequently, mopping is employed to further enhance cleanliness, capturing any
remaining particles that were not removed during vacuuming. Specialized mopping
equipment is utilized for this task. Concurrently, the condition of the reactor walls is
closely monitored to ensure structural integrity. Various mapping methods and sensors,
such as Al mapping and inertial measurement units, are employed for this purpose. This
monitoring is vital for detecting any abnormalities, particularly at the edges of the metal
panels on the reactor walls. To facilitate comprehensive cleaning and monitoring, the

cleaning machine is equipped with magnets or employs suction, enabling it to traverse the

entire reactor area efficiently (iter.org, 2024).
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2.5 Repairing

Repairing is a significantly important task in the DEMO fusion reactor. Due to harsh
operation environment in the fusion reactor including high temperature and radiation,
consequently, lead some components to wear and tear. Repairing these components is vital

to maintain the structural integrity and functionality of the fusion reactor. Many industrial

robots should engage in this kind of tasks (Jimenez, 2021).

Bolting
robot

Tile handling
robot

Wrist
camera

Gripper
Boltrunner

Tile

Tile holder

Figure 5 Robots executing an automated replacement task (Vale, 2019).

Besides, any damage or malfunction components in fusion reactor jeopardize the safety
and efficiency of fusion process, potentially cause to operation disruptions or even
catastrophic failures. Therefore, regular and effective repairing work is crucial to ensure
continuous operation process in fusion reactor. Furthermore, fusion reactors are complex
and costly facilities, requiring significant investments in construction and operation.
Efficient repair and maintenance practices are essential to optimize resource utilization and
minimize operational costs. By promptly repairing damaged or degraded components,
operators can extend their service life and avoid premature replacements, resulting in cost

savings and improved resource efficiency over the reactor's lifespan.

In the following datasheet, all tasks in the DEMO fusion reactor are inducted:
Table 1. Required tasks in DEMO.
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Task

Implemented place

Importance

Lifting

Within the DEMO reactor
vessel, near heavy
components.

Include lifting of breeding
blankets, vacuum vessel, bio-
shield door, maintenance
devices, divertor cassettes

Essential for  maintenance, installation, and

replacement of heavy components such as breeding

blankets and divertor cassettes.

Inspection

Throughout the DEMO
reactor, focusing on critical
areas.

Include inspection of plasma-
facing components, magnet
coils, cooling systems,
radiation shielding, structural
integrity

Crucial for detecting and diagnosing potential issues in
components, walls, and structural integrity to ensure

safe and efficient operation of the fusion reactor.

Transportation

Inside and around the DEMO
reactor facility.

Include transportation of
components within the reactor
facility, equipment to and
from maintenance workshops,
tools and supplies for
maintenance activities, waste
materials for disposal or
recycling

Vital for moving equipment, tools, and materials
within the facility, facilitating maintenance, repair, and

installation tasks effectively.

Cleaning

Within the DEMO reactor
vessel and surrounding areas.
Include cleaning of plasma-
facing components, vessel
walls, divertor surfaces,
diagnostic equipment, cooling
systems

Necessary for removing contaminants, debris, and
particles from critical components, walls, and surfaces

to maintain cleanliness and prevent equipment damage.

Repairing

Within the DEMO reactor
vessel and adjacent areas.
Include repairing damaged
breeding blankets, cracks in
vessel walls, leaks in cooling
systems, malfunctioning
diagnostic equipment

Critical for addressing damaged or degraded

components promptly to ensure the safety, reliability,

and longevity of the fusion reactor system.

3 Result

Currently many industrial products have been invented and continue to update with

increasing demand. The research of latest industrial products is listed in two categories as

industrial robots and machines.
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3.1 Industrial robots’ category

Industrial robots contain a large range of products. This thesis classifies them into six

groups depending on function and structure. By analyzing functions and related parameters

of latest robots, choose the suitable products.

Table 2. A short introduction of different types of robots.

Type Features Applications in DEMO
- Multiple joints form a multi-degree-of-
Articulated freedom structure - Assembly and connection of reactor
robots - Suitable for tasks requiring high flexibility components
- Typically used in assembly, welding, - Welding of pipelines
coating, etc. - Coating of reactor casings
Delta robots | - Parallel mechanism with high speed and
precision - High-speed part picking and placing
- Fast and precise - Auxiliary assembly tasks
- Suitable for light-load high-speed operations | - Internal inspection of pressure vessels
- Two parallel joints and one rotational joint
SCARA form a planar robotic arm
robots - Fast, stable - Assembly of small parts
- Suitable for precision assembly and - Installation of instrument components
operations - Calibration of lightweight instruments
- Strong mobility with flexibility and - Environmental monitoring and
autonomy radiation detection
Mobile - Suitable for complex and dynamic - Transportation of materials and
robots environments components
- Versatile and multifunctional - Inspection and cleaning of reactor
surfaces
- Installation and maintenance of
human-machine collaborative
components
Collaborative | - Safety and ability to work alongside humans | - Collaborative inspection and cleaning
robots - Can operate in confined spaces tasks
- Direct interaction with humans - Internal detection and maintenance of
reactor
- Aerial mobility for versatile surveillance and
Drones monitoring - Aerial inspection of reactor structures
- Can access difficult-to-reach areas - Monitoring of radiation levels
- Suitable for remote sensing and data - Surveying and mapping of reactor
collection surroundings

3.1.1 Articulated robots

An articulated robot is a type of industrial robot that consists of multiple rotary joints,

allowing it to move in multiple directions and perform complex tasks. These robots

typically have a series of interconnected segments, resembling a human arm, with each

segment connected by rotary joints. They are commonly used in welding, painting,
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assembly, and material handling applications due to their versatility and flexibility in

movement.

a. Snack-arm robots---series 11-X125
A snake-like robotic arm is a type of robotic manipulator designed to mimic the flexibility
and movement of a snake. This kind of robotic arms typically consist of multiple

interconnected segments, similar to the vertebrae of a snake, allowing them to bend and

twist in various directions (Aeroexpo, n.d.).

Figure 6. Snack-arm robots

Firstly, this snake-shaped robotic arm boasts high flexibility, with a cumulative curvature
of 225°, 24 degrees of freedom and an independently controlled tip, enabling it to perform
basic tasks in areas inaccessible to humans. Secondly, after extensive research and
development, the II Series X125 snake arm has increased payload capacity compared to
previous designs. The payload can be 10kg. Complementing the serpentine arm, a series of
end actuators are available for various applications, including a camera, lighting, and a
high-pressure waterjet cleaning head. Lastly, for consideration of the entire lifecycle cost,
the system is designed with easily repairable and replaceable components. The serpentine
arm design allows for full motion range, and a protective sleeve can be utilized in harsh or
polluted environments. The expected lifespan of the Snake Arm robot actuator set is tens
of thousands of hours, with arms proven to last over 4,000 hours in demanding industrial

applications.
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In DEMO, this robot can be applied for inspection, cooling and transportation tasks. Using
its end actuator to various application adapts to complete multiple kinds of task. And its

flexible character makes it easy to enter a narrow space with good performance.

In the following datasheet, the parameter of the robot is presented:

Table 3. The parameter of the Snack-arm robot.

Parameter Value

Articulated Length Im-3.1m

Rigid Extension Length Om — 5m

Number of Links 12

Diameter (without / with sleeve) 125mm / 140mm

Degrees of Freedom 24

Total Cumulative Bend 225 degrees

Maximum Bend Angle per Link 27.5 degrees

Bend Radius of Arm 160mm-— 950mm (configuration dependent)
Payload Up to 10kg

b. Float arm-long-reach snake manipulator ---Hibot

Figure 7. Hibot

HiBot's Float Arm long-range serpentine robot is a distinctive robotic system tailored for
extended-distance operations within confined spaces. With a maximum horizontal
extension of 7 meters and a vertical extension range of 5 meters, the robot folds into a
compact size measuring 1.7 meters in length, 0.8 meters in width, and 1.6 meters in height.
Operating efficiently within temperatures ranging from -10 to 40 degrees Celsius, it
demonstrates resilience in harsh environments, emitting noise levels below 60 dB during
operation. Weighing 35kg, it boasts rapid movement (100mm/s) and rotation (5 degrees/s)

speeds, coupled with exceptional portability due to its modular design featuring detachable
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nine links. This characteristic renders it ideal for seamless integration with existing

systems for on-site operations or as a standalone inspection tool.

Additionally, equipped with a unique self-balancing mechanism and proprietary snake-
shaped motion control device, the floating arm exhibits six degrees of freedom at its end

actuator. Complete with an observation camera, navigation camera, and multiple sensors,

this enables it to undertake intricate tasks within complex environments (hibot, 2022).

In the following datasheet, the parameter of the product is presented:

Table 4. The parameter of Float arm-long-reach snake manipulator.

Parameter Value

Extended length(horizontal/ vertical) 7m/ Sm

Mass 35kg

Payload 2.5kg

Number of links Up to 9 links

Operation temperature -10 to 40 degrees Celsius

c. Radiation hardened manipulator arms

Figure 8. Radiation hardened manipulator arms

PAR's radiation hardened robot system stands as a pivotal component within remote
handling systems, offering a robust solution for executing intricate tasks in challenging
environments. Crafted with a focus on versatility, efficiency, and durability, the robotic
arm boasts several key features and benefits. The system's flexibility is showcased through

its diverse range of deployment options, including pedestal, wall-mounted, ceiling-
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mounted, telescopic mast, and mobile pedestal configurations. Even with a substantial
payload limit of up to 400 Ibs in any position, the arm maintains its efficacy across various
setups. Transportation of the robots is facilitated by bridge or gantry cranes. The telescopic
mast, usually mounted on a trolley, enables efficient movement, although alternative
configurations, such as attachment to a trolley with a TensileTruss combination, offer

added adaptability.

A notable feature is the shoulder rotation and slip ring design, enabling infinite clockwise
or counterclockwise rotation. The dynamic continuous rotation of the hand simplifies
operation, particularly when handling threaded objects like fasteners and screw caps,
eliminating the need for restricting cables. The extensive range of motion provided by the
shoulder, elbow, and wrist pivots, spanning from 210° to 310°, enhances the arm's
maneuverability. Additionally, the modular design extends to the hand and wrist
components, allowing for the integration of various end actuators and remote operating
tools, ranging from parallel grippers to customized electric hand tools. Moreover, the
modular wrist design facilitates swift remote replacement of maintenance components,
enhancing operational efficiency. In the event of a power outage, the system ensures
stability with its remote tool power supply and remote recovery driver. Even without
power, joints remain stationary, and grips are maintained, thanks to the joint's sliding
clutch mechanism, enabling manual recovery by overtaking the clutch. Additionally,
reversible polarity in remotely operated power outlets accommodates external powered

tool solutions, offering operators unhindered access to power tools.

PAR's radiation-resistant robot system thus emerges as a versatile, resilient, and adaptable

solution, adept at meeting the demands of complex tasks in challenging environments

while ensuring ease of operation and maintenance (par, 2022).

In the following datasheet, the parameter of the products is presented:

Table 5. Radiation hardened manipulator arms.

Type/parameter Weight Reach Hand capacity | Hook capacity | Rad resistance

M3000 91kg 1156mm 68kg 455kg 105Gy

M6000 250kg 1956mm 181kg 1814kg 10°G y
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d. Palletizing robots---KR 1000 titan F

Figure 9. KR 1000 titan F

The KR 1000 titan is a highly powerful robot designed specifically for handling heavy
loads with precision and safety. With its unique open kinematic system and unparalleled
payload capacity, it can efficiently move heavy parts and components over long distances,
up to 6.5 meters. Whether it's engine blocks, stones, glass, or steel beams, the KR 1000
titan can handle a wide range of heavy loads without any difficulty. Additionally,
specialized variants such as the Foundry variant and palletizing robot version cater to
specific application needs, offering the best reach/payload ratio and accommodating loads

of up to 1.3 tonnes.

One of the key advantages of the KR 1000 titan is its high dynamic performance, enabling
it to handle the heaviest workpieces with speed and dynamic acceleration, thereby
optimizing cycle times. This results in increased productivity and improved manufacturing
quality, while also reducing costs. Furthermore, its low interference contours expand the

effectively usable work envelope, enhancing operational efficiency.

Moreover, the KR 1000 titan offers greater flexibility with versatile application options.
Whether used as a palletizer or combined with linear axes, it provides flexibility in
adapting to various production requirements. Its seamless integration into existing systems
without the need for foundation modifications further adds to its flexibility and ease of

implementation. Overall, the KR 1000 titan stands out as a reliable solution for heavy-load
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handling tasks, offering precision, safety, and productivity enhancements to industrial

operations (kuka, 2024).

In the following datasheet, the parameter of the products is presented:

Table 6. The parameter of KR 1000 titan F.

Parameter Value

Maximum reach 3202 mm

Maximum payload 1000 kg

Maximum supplementary load, rotating column / link arm / arm Okg/0kg/ 100 kg

Number of axes 6

Footprint 2000 mm x 2000 mm

Weight approx. 4700 kg

Ambient temperature during operation 10 °C to 55 °C (283 K to 328 K)

e. Palletizing robots--- KR CYBERTECH

Figure 10. KR CYBERTECH

The industrial robots belonging to the KR CYBERTECH family offer a diverse range of
models tailored to low payload applications, making them highly versatile and adaptable to
various production environments. These robots are particularly renowned for their
exceptional power density, allowing for top performance while maintaining space-saving
cell concepts and minimizing follow-up costs. Specialized in handling applications such as

large component handling, machining, assembly, palletizing, and arc welding, this series
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boasts powerful multi-function capabilities. Whether controlled with the KR C4 or KR C4

extended, these robots deliver superior performance across a wide range of tasks.

A notable feature of the KR CYBERTECH series is its compact design, which enables
greater integration density and reduced disruptive contours. This enhancement offers
flexibility in choosing the right industrial robot for specific applications from the extensive
portfolio available. Advantages of the KR CYBERTECH series include exceptional speed
and accuracy, ensuring efficient operation without compromising precision. The series
offers flexibility in installation, with robots capable of being floor-, wall-, or ceiling-

mounted, providing planning security and cost-efficiency in cell design.

Additionally, the series offers a variety of energy supply systems, allowing users to select
from compatible options to suit their needs. Enhanced motion characteristics, streamlined
design, and ESD protection further contribute to the series' appeal and reliability. For those
seeking a cost-effective introduction to automation, the KR CYBERTECH Edition robots
offer simplified functionality with technical reliability and KUKA's renowned quality.
With a focus on essentials and a payload capacity of 20 kilograms, these Edition robots

serve as an accessible option for small businesses and price-sensitive market segments,
providing reliable support for handling or inspection tasks in process automation (kuka,

2024).

In the following datasheet, the parameter of some products is presented:

Table 7. The parameter of KR CYBERTECH.

Parameter/type | KR 8 | KR 12 | KR 16 | KR 16 | KR 20 | KR 20
R2010-2 R1810-2 R1610-2 R2010-2 R1810CR R1810F

Payload 8kg 12kg l6kg l6kg 20kg 20kg

Maximum 2013mm 1813mm 1612mm 2013mm 1813 mm 1813mm

reach

Weight 260 kg 255kg 255kg 260kg 250kg 250kg

approx.

f.  Palletizing robots--- KR 700 PA
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Figure 11. KR 700 PA

The KR 700 PA is an ideal palletizer designed to handle heavier payloads efficiently. Its
impressive reach and compact design make it versatile for various applications, ensuring
optimal cycle times regardless of the task at hand.This palletizer excels in high-speed
production environments, thanks to its powerful motors and gear units. With a remarkable
capacity of 700 kilograms, it achieves an impressive rate of 17 work cycles per minute,

allowing it to palletize entire layers effortlessly.

One of the key advantages of the KR 700 PA is its speed and precision. With a maximum
reach of 3,320 millimeters, it adapts seamlessly to diverse applications while maintaining
accuracy and efficiency. Its robust design and powerful motors ensure reliable performance
with every palletizing task. Furthermore, the KR 700 PA offers maximum opening space,
accommodating various energy supply systems with its 60-millimeter opening. This design
feature allows for easy access to the protected interior of the arm, facilitating quick
exchange of components when needed. Additionally, the palletizer is designed for minimal
maintenance requirements, leading to lower overall maintenance costs. Its robust

construction withstands challenges such as dust and water spray, with a standard protection

rating of IP 65, ensuring durability and longevity in harsh industrial environments (kuka,

2024).

In the following datasheet, the parameter of the product is presented:

Table 8.The parameter of KR 700 PA.
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Parameter Value

Maximum reach 3320 mm

Rated payload 700 kg

Rated supplementary load, rotating column / link | 0 kg/0kg/ 50 kg

arm / arm

Rated total load 750 kg

Number of axes 4

Ambient temperature during operation 0°Cto55°C (273 K to 328 K)
Weight approx. 2850 kg

g. Six-axis robot with exceptional working speed--- KR AGILUS

The KR AGILUS is a highly agile robot known for its exceptional speed and compact
design, offering flexibility across different models, ranges, and load capacities to meet
diverse application requirements. Its integrated power supply system and advanced
microcontroller ensure precise operation in confined spaces, whether mounted on the floor
or wall, enabling innovative automation solutions with Safe Robot capabilities. With a
wide range of versions designed for use in various conditions, including clean rooms,
potentially hazardous environments, or those requiring sanitary or water-resistant features,
the KR AGILUS excels in various tasks, delivering outstanding performance in any

manufacturing setting, whether it's dirty, wet, or sterile.
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Figure 12. KR AGILUS

Due to its robust design, the robot can be accurate with any cycle time, thanks , ensuring
maximum repeatability and continuous precision while reducing cycle times and enhancing
production quality. Equipped with lifetime lubrication in the gear units and requiring
minimal maintenance, the KR AGILUS guarantees long-lasting durability and

uninterrupted productivity. Its compact design allows for versatile installation positions,
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including inverted on the ceiling, sideways on the wall, or fixed to the floor, seamlessly
integrating into space-efficient production setups. Furthermore, it features ESD protection
against electrostatic charges, ensuring its suitability for electronics manufacturing

environments.

Available in variations such as Hygienic Machine, Waterproof (IP 67), Cleanroom (ISO 2),
and EX (explosion-proof), the KR AGILUS meets diverse application needs. The Hygienic
Machine version prioritizes cleanliness, making it suitable for tasks involving direct
contact with food and pharmaceuticals. The Waterproof version provides splash-proof
protection from all directions, enabling reliable operation in challenging production
environments. Additionally, the Cleanroom variant complies with ISO 2 cleanroom
standards, meeting the stringent cleanliness requirements of certain applications. Lastly,

the EX variant extends the capabilities of the Waterproof version with added explosion

protection, ensuring safe operation in potentially hazardous settings. (kuka, 2024).

In the following datasheet, the parameter of some products is presented:

Table 9.The parameter of KR AGILUS.

Parameter/type KR 10| KR 10| KR 6|KR 6 |KR 10| KR 10| KR 6|KR 6
R1100 R900 R900 R700 R1100-2 | R900-2 | R900-2 | R700-2

Number of axes 6 6 6 6 6 6 6 6

Payload 10kg 10kg 6kg 6kg 10kg 10kg 6kg 6kg

Reach 1,101 901mm 90Imm | 706mm | 1.10lmm | 901mm 90Imm | 726mm
mm

Weight 54kg 52 kg 52 kg 50kg 55kg 55kg 55kg 53 kg

3.1.2 SCARA robots

The SCARA robot is a type of industrial robot equipped with 4 axes and is known as
Selective Compliance Assembly Robot Arm. It comprises a series mechanism with
rotational joints in the initial two axes. The other two axes are merged, enabling both

rotational and linear motion along the Z-axis.

a. KR SCARA
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Figure 13. KR SCARA

The KR SCARA robots offer a combination of strength, speed, and efficiency suitable for
various industrial applications such as assembly, material handling, and testing. With their
compact design and integrated media supplies, these robots provide maximum efficiency at
a low cost, making automation more accessible in cost-sensitive industries. Highly
efficient and adaptable, the KR SCARA robots boast features that enhance productivity
and versatility across various applications. Their intelligent design allows for lightweight
and compact construction while maintaining impressive speed and load-handling
capabilities, making them suitable for tasks in confined spaces. Equipped with internal
media supply systems, they seamlessly adapt to diverse applications, providing flexibility

for small parts assembly, material handling, and testing needs.

Precision engineering ensures accuracy up to 0.02 mm, coupled with short cycle times and
low weight for consistent and reliable performance. Certified to ISO 5 standards for
cleanroom applications, KR SCARA robots maintain a particle-free environment, ideal for
industries with strict cleanliness requirements. Operating in temperatures ranging from 5°
to 40° Celsius, these robots demonstrate robustness and reliability across various working
environments. With payload capacities of 6 and 12 kg, they offer the strength needed for
handling heavy loads while ensuring precise operation. Prepared ex-works for easy
integration with peripheral technology, they facilitate quick setup within existing
production processes, minimizing downtime. Internationally certified for quality and
reliability, KR SCARA robots come standard with ESD protection, ensuring safe handling

of sensitive electronic components. With a unified operating system, they offer a user-

friendly experience, simplifying integration and operation within industrial setups (kuka,

2024).



In the following datasheet, the parameter of some products is presented:

Table 10.The parameter of KR SCARA.
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Parameter/type KR 6 R500 KR 6 R500 | KR 6 R700 KR 6 R700 | KR 12 R650 | KR 12
7200 7200-2 7200 7200-2 Z340CR R650 Z400
Payload 6kg 6kg 6kg 6kg 12kg 12kg
Maximum reach 500mm 500mm 700mm 700 mm 650 mm 650mm
Footprint 262 mm x 262mmx | 262 mm x 262mmx | 210 mm x 210mm x
190 mm 190 mm 190 mm 190 mm 210 mm 210 mm
Weight approx. 20 kg 20kg 21kg 22kg 51kg 49kg

b. IRB 930 SCARA

The IRB 930 SCARA robot stands out as a high-performance solution offering exceptional
capabilities across various industries. With payload options of 12 kg or 22 kg, it surpasses
competing robots in its class, enabling increased throughput by up to 10%. This high
payload capacity allows for faster point-to-point applications such as assembly, material

handling, and screw driving.

Figure 14. IRB 930 SCARA

One of the standout features of the IRB 930 is its outstanding performance driven by the
OmniCore controller. With a cycle time of 0.38 seconds and a repeatability deviation
position of 0.01 mm, the IRB 930 enhances hourly production rates while maintaining
stringent manufacturing quality criteria. Additionally, employing a wider diameter air hose
enhances suction speed by up to 30%, facilitating the concurrent handling of multiple
objects. By eliminating the need for an external tube and internally routing all cables, the

IRB 930 conserves approximately 20% of the space typically utilized.
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Additionally, the IRB 930 boasts extraordinary downward force, with a maximum capacity
of 250N, meaning it’s suitable for various applications, including conventional electronics
and green energy sectors. Furthermore, increased connectivity options, including up to 20
I/O connectors, allow for the integration of more complicated grippers and end effectors,

enabling the robot to tackle even harder tasks.

Overall, the IRB 930 SCARA robot offers unmatched performance, speed, accuracy, and

versatility, making it an asset across a wide range of market segments. (new.abb.com,

2024)

In the following datasheet, the parameter of some products is presented:

Table 11.Parameter of IRB 930 SCARA.

Parameter Value

Payload 12-22kg
Maximum reach 0.85-1.05m
Footprint 220 mm x 220 mm
Weight approx. 64-66 kg

3.1.3 Mobile robots

a. Multi-purpose in-cell robot--- KMR QUANTEC

A multi-purpose in-cell robot is a versatile robotic system designed to perform multiple
tasks within a confined space or cell. These robots are often used in manufacturing or
laboratory settings where they can carry out a variety of tasks such as assembly, inspection,
testing, and material handling. The multi-purpose nature of these robots allows for
increased efficiency and productivity, as they can be programmed to perform different

tasks without the need for manual intervention.
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Figure 15. KMR QUANTEC

The KMR QUANTEC leverages cutting-edge KR QUANTEC shelf-mounted robots and
KUKA's proven KR C4 controller to achieve precision machining of extra-large
components. Utilizing a KUKA omniMove platform, it seamlessly positions itself with
utmost precision, adapting to diverse scenarios. The system offers exceptional versatility,
accommodating various KR QUANTEC shelf-mounted robots and accessories such as
grippers and tools. Powered by standard commercial lead batteries via a converter, it can
be tailored to specific requirements regarding robot positioning, quantity, platform size,

and payload capacity.

The system boasts unparalleled flexibility and maneuverability, capable of swiftly adapting
to evolving tasks. Featuring an omnidirectional wheel concept, it seamlessly navigates in
all directions from a standstill position. With its virtually limitless working range, it
revolutionizes production concepts, especially for heavy and large-scale components. The
integration of e-mobility and advanced KUKA intelligence ensures the highest precision in
constructing ships, aircraft, and wind power plants, enhancing productivity and cost-

effectiveness.

Equipped with built-in laser scanners and intelligent control software, the KMR
QUANTEC achieves autonomous navigation, dynamically responding to its environment.
This ensures reliable and flexible task execution while ensuring prolonged operational
autonomy through high-performance battery-powered operation. Industrial WLAN
technology eliminates cumbersome cables, offering enhanced adaptability and safe robot

monitoring. The "KUKA Navigation Solution" software facilitates seamless collision-free
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path planning, streamlining implementation with its quick and straightforward setup

process (kuka, 2024).

In the following datasheet, the parameter of some products is presented:

Table 12. The parameter of KMR QUANTEC.

Parameter/type KR 120 R2500 pro KR 90 R2700 pro
Maximum reach 2,500mm 2,700mm

Rated payload 120kg 90kg

Rated  supplementary  load, | 50kg /—/— 50kg /—/—
arm/link-arm/rotating column

Rated total load 170kg 140kg

Number of axes 6 6

b. Cleaning robots--- Nexaro NR 1500

The reactor also might require cleaning inside, as contaminants might get in there from the
outside, or to decontaminate the reactor from particles that are from a damaged part of the
reactor. Cleaning robots have the additional task of monitoring the surface of the reactor
walls as all cleaning robots are equipped with different sensors to make sure they clean
properly and do not run over everything. The 2 big differences between these robots are
that robots that are only able to vacuum clean and brush, are equipped with more advanced
sensors, which can enable them for high-quality monitoring of the state of the panels inside
the reactor. The other type is the cleaning robots that can mop, this way better cleaning

results can be ensured inside the reactor.

Figure 16. Nexaro NR 1500
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The Nexaro NR 1500 robotic vacuum cleaner is equipped with an array of impressive
features aimed at maximizing cleaning efficiency and effectiveness. Its sturdy construction
and robust batteries ensure long-lasting performance, allowing for uninterrupted cleaning
sessions. Advanced sensor technology, including a laser distance sensor, incremental
sensor, inertial measurement unit, and two magnetic field sensors, enhances its navigation
capabilities. However, it's worth noting that the magnetic field sensor may encounter
interference in certain environments, such as working near reactors. To facilitate thorough
cleaning, the Nexaro NR 1500 is equipped with a HEPA 13 filter, renowned for its ability
to capture small particles and maintain excellent air quality. With a large 1.4-liter dustbin,
it can operate continuously without frequent emptying, further contributing to its efficiency.
Despite its compact size, this robotic vacuum cleaner can work for up to three hours on a
single charge, making it suitable for use in various environments, including reactor

facilities. Its compliance with international standards and machinery directives underscores

its suitability for professional use in commercial settings (nexaro, 2024).

In the following datasheet, the parameter of the product is presented:

Table 13. Parameter of Nexaro NR 1500.

Parameter Value

Cleaning speed 700m? /h

Dust bin volume 1.4L

Cleaning width 280mm

Dimensions 343 mm x 343 mm x 175 mm
Weight 6.5kg

c. Cleaning robot--- Makita LXT DRC3000PT

Makita LXT DRC3000PT is equipped with a Hepa filter, making it an excellent assistant
for cleaning large industrial halls. With a cleaning area of 600 square meters, it comes with
two 18V 6.0Ah batteries.
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Figure 17. Makita LXT DRC3000PT
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One of the new features of the DRC300Z model is its mapping function, which allows
users to determine the vacuuming area instantly through a smartphone application. It
incorporates six ultrasonic sensors, a camera, collision protection, and a new laser radar
sensor, which measures distance using lasers and continuously scans the environment to be
vacuumed. In mapping mode, the robot systematically vacuums the space point by point,
with the vacuuming area saved in the robot's memory. The memory of the machine can
simultaneously store no less than five different areas or rooms. Users can also opt for free
movement, where the vacuum cleaner randomly rotates within the designated area. Upon
completing the cleaning task or when the battery level is low, the machine automatically

returns to the predefined starting point.

Equipped with a main brush and two side brushes at the bottom, the machine can collect
the most stubborn dust and dirt into its 3-liter, easy-to-empty water tank. The brushes can
be easily replaced without the need for tools. This robot is more robust compared to the

previous one, both in size and weight, but this enabled the company to fit larger batteries in

the robot, so it can work for up to 200 minutes (karkkainen.com, 2024).

In the following datasheet, the parameter of the product is presented:

Table 14. Parameter of Makita LXT DRC3000PT.

Parameter Value

Voltage 18V

Maximum Travel Speed 0.3 m/s

Maximum Mapping Area 10,000 m?

Water Tank Capacity 3L

Dimensions 500%500%204 mm
Working Time (18V/6.0 Ah x2) 240 minutes
Sound Power Level 62 dB (A)

d. Cleaning robot--- Braava jet mé6

The Braava jet m6 serves as a highly efficient mopping robot, simplifying floor cleaning
and sweeping tasks by attaching a cleaning cloth and adding water. It employs Braava Jet
cleaning solution to leave a long-lasting fresh scent while initiating cleaning upon

command. With its precision water jet, it adeptly removes dirt without causing damage to
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surrounding objects. Enhanced with Imprint Smart Mapping technology, it accurately maps
out specific areas and adjusts to its environment, ensuring thorough cleaning of every
corner. Its back-and-forth motion and innovative edge design make it well-suited for

reaching tight spaces and corners.

Conveniently controlled through the iRobot Home app or voice commands, the Braava Jet
mo6 can be summoned to clean up messes with ease. When the battery requires recharging,
the robot autonomously returns to its Home Base charging dock until fully replenished.
Despite its compact and lightweight design, the Braava Jet m6 lacks high-precision sensors

necessary for monitoring reactor conditions. Therefore, it is primarily suitable for deeper

cleaning tasks rather than monitoring or maintenance within a reactor environment

(kauppa.dna.fi, 2024).

Figure 18. Braava jet m6

In the following datasheet, the parameter of the product is presented:

Table 15.Parameter of Braava jet mo.

Parameter Value
Weight 2.2kg
Depth 252mm
Width 270mm
Height 90mm

e. Cleaning robot--- Floorbot VR 35

The Floorbot VR 35, is a mopping robot as well, but differently from Braava jet m6, it is
equipped with environmental data monitoring, which again as usual can be used to monitor
the state of the walls of the reactor, as other vacuum robots. The smart detection feature of

the cleaning robot includes automatic sensors that facilitate seamless movement through



37

gates and control devices, as well as automatic lift-taking to enable cleaning between floors.
It also offers smart scheduling options, allowing users to set different schedules for

cleaning modes, times, and areas.

Additionally, the robot automatically generates shift work schedules for added
convenience. When the battery runs low, the robot autonomously returns to the charging
station to recharge, ensuring uninterrupted cleaning sessions. The Floorbot VR 35 is also
equipped with a vacuum, brushes, and a mop, and the combination of these 3 enhances
cleaning efficiency and cleaning time. Unfortunately, its cleaning time is only 1.5 hours,
while its charging takes 6 hours which makes its use inefficient in larger areas. On the

website, the company does not include any detail about the size, but as its weight is only 5

kg, its size should be close to Braava jet m6 (floorbotics.com, 2024).
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Figure 19. Floorbot VR 35

In the following datasheet, the parameter of the product is presented:

Table 16. Parameter of Floorbot VR 35.

Parameter Value
Weight Skg
Cleaning time 1.5h
Charging time 6h
Cleaning efficiency 700m? /h

f.  Cleaning robot--- Kemaro K900

The Kemaro K900 is made to clean warehouses, and for the reason it was made to be able
to work in hazardous environments, and with some small modifications to withstand
radiation this cleaning and monitoring robot could be used in the reactor even when it is
turned on. The Kemaro K900 includes intelligent navigation with real live automated

mapping of cleaning zones and advanced analytics, which can be used to monitor the state
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of the reactor. It has a 5-hour battery life and charging it only takes about 90 minutes. It is
automated around the clock operations with configurable time settings and flexible

scheduling, which improve its working efficiency.

Unfortunately, as this robot was made to work in hazardous environments, it is a large and

heavy cleaning robot, which could mean that it is not convenient to get into the reactor to

work (posicraft.fi, 2024).

Figure 20. Kemaro K900

In the following datasheet, the parameter of the product is presented:

Table 17.Parameter of Floorbot VR 35.

Parameter Value

Weight 32kg

Cleaning time 5h

Charging time 1.5h

Cleaning efficiency 1000m? /h
Dimension 79cm*72cm*35cm

g. Cleaning robot--- RA660 Navi XL

The RA660 Navi XL is ideal for applications where cleanliness and hygiene are crucial. It
features an intelligent cleaning algorithm, three cleaning brushes, and a powerful suction
nozzle, allowing it to autonomously clean various hard surfaces, even in complex
environments. With its user-friendly interface and remote-control capabilities, users can
easily monitor and control the robot's cleaning activities from anywhere. Additionally, the
new autonomous docking station ensures continuous cleaning with automatic water

refilling and battery charging, facilitated by the KUKA carla_connect charging assistant.

The RA660 Navi XL is equipped with advanced obstacle detection technology, including

14 ultrasonic sensors, a 2D LiDAR sensor, and a full-face front bumper, allowing it to
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detect and avoid obstacles efficiently. Temporary obstacles are identified and saved for
future cleaning, ensuring thorough coverage of the cleaning area. Through the "RA660
Navi Mission Control" app, users can monitor the robot's cleaning progress and view

detailed reports of cleaning missions, including any obstacles encountered.

Thanks to its intelligent software and array of sensors, the RA660 Navi XL can navigate
around objects swiftly and effectively, even in busy environments like train stations and
shopping centers. The ultrasonic sensors detect nearby objects, enabling the robot to slow

down and avoid collisions, while the LIDAR sensor measures the surrounding area, detects

obstacles, and calculates alternative routes (rab60navi.com, 2024).

Figure 21 .RA660 Navi XL

In the following datasheet, the parameter of the product is presented:

Table 18.Parameter of RA660 Navi XL.

Parameter Value

Weight 313kg(with water)

Cleaning time 3-4h (24/7 with docking station)
Charging time 40 min (80%). 60 min (100%)
Cleaning speed o.6m/s

Dimension 1010 x 850 x 1185 mm

Water tank volume 110L

In the following datasheet including all cleaning products, present their parameters clearly:

Table 19.Parameter of all cleaning products.



Product/parameter | Weight Dimension Cleaning time | Cleaning Monitoring
efficiency sensor(Y/N)
Nexaro NR 1500 6.5kg 343 mm x 343 mm | 3h jo0m?/h | Y
x 175 mm
DRC300Z 500x500%x204 mm | 4h 0.3m/s Y
Braava Jet m6 2.2kg 252*270*90mm N
Floorbot VR 35 Skg 1.5h 7oom?/h | Y
Kemaro K900 32kg 79cm*72cm*35¢cm | Sh 7000m?/h | Y
RA660 Navi XL 313kg(with | 1010 x 850 x 3-4h (24/7 0.6m/s Y
water) 1185 mm with docking
station)

h. Quadruped robots

Research has shown that the repairing task such as remote maintenance can be completed
by 4-legged robot (Bing, 2005). Currently, the quadruped robots available on the market

are successful tools capable of numerous tasks. Easily programmable and will perform
well as a part of a remote maintenance system. Those include mid-size robots capable of
high speed and accuracy, big robots capable of carrying heavier loads and wheeled
quadruped robots with higher efficiency due to the possessed wheeling technology. Those
3 types can help the remote maintenance system perform fine and have a particular impact
on the project as they will be capable of successfully changing the first wall panels on the

vacuum vessel.

1. Spot equipped with a maneuverable robotic arm

Spot equipped with a maneuverable robotic arm represents a significant advancement in
robotics, allowing for enhanced functionality and versatility. This design belongs to the
category of large robots capable of handling heavier loads. The robotic arm enables Spot to
perform a wide range of tasks, including opening doors, picking up and lifting items,
placing objects, and pushing or dragging heavy loads. With 6 degrees of freedom, the arm
offers flexibility and precision, capable of lifting up to 11kg and dragging loads of up to
25kg. Equipped with integrated sensors and highly customizable features, Spot's robotic

arm can adapt to various tasks and environments.
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Figure 22. Spot equipped with a maneuverable robotic arm

Equipped with a flexible robotic appendage, Spot represents a notable advancement in
robotics, enhancing its functionality and adaptability. This configuration falls within the
category of large robots designed to manage heavier loads. The robotic arm empowers
Spot to execute a diverse array of tasks, including door manipulation, object grasping and
lifting, item placement, and exerting force to move substantial loads. With 6 degrees of
freedom, the arm offers agility and accuracy, capable of hoisting objects weighing up to
11kg and dragging loads of up to 25kg. Incorporating integrated sensors and highly
customizable features, Spot's robotic arm can adjust to various tasks and environments

seamlessly.

Boston Dynamics emphasizes that this design is also suitable for handling nuclear
materials, making it particularly apt for operations in nuclear settings. In the context of
ITER's initial wall panel maintenance, this robot's distinctive capabilities would prove

invaluable, enabling it to adeptly manage tasks like bolt manipulation and precise

component positioning with efficiency (Boston Dynamics, 2024).

In the following datasheet, the parameter of the product is presented:

Table 19. Parameter of Spot equipped with a maneuverable robotic arm.

Parameter Value

Weight 39.7kg

Payload 11kg (lift) ; 25kg (drag)
Operating temperature -20 to 45 degrees
Running speed 1om/s

Size 984mm(arm length)
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2. Vision 60 Q-U

The ability of a robot to overcome diverse and challenging obstacles is paramount,
especially in demanding environments like nuclear reactors. GhostRobotics has developed
the Vision 60 Q-UGV, a quadruped robot with remarkable capabilities suited for such tasks.
Classified as a high-load-capacity robot, it can achieve speeds of up to 3m/s, boasting a
runtime of 3 hours and a carrying capacity of up to 10kg. What sets this robot apart is its
adaptability to traverse various terrains, including sand and water, and its resilience in

unfavorable conditions, thanks to its blind mode.

A

Figure 23. Vision 60 Q-UGV

The Q-UGV's versatility makes it ideal for a wide range of applications, including reactor
maintenance tasks like changing reactor panels. Its obstacle-overcoming nature allows it to
climb walls or stand on two legs, providing access to hard-to-reach areas. Equipped with a
proprietary blind-mode control core, inspired by mammalian adaptability, the Q-UGV can
adapt rapidly to new environments, ensuring continued operation even in the face of sensor

degradation or failure.

The overarching goal is to make Q-UGVs indispensable tools, continually enhancing their
capabilities to navigate complex environments reliably. Ultimately, these robots aim to

enhance safety by keeping personnel out of harm's way, whether they are warfighters,

workers, or even K9 units, in various operational scenarios (ghostrobotics.io, 2024).

In the following datasheet, the parameter of the product is presented:

Table 20.Parameter of Vision 60 Q-UGV
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Parameter Value

Weight S1kg

Payload 10kg

Operating temperature -45 to 55 degrees
Running speed 3m/s

Size -

3. Unitree B2

Further research led to a Chinese company called Unitree Robotics, which products the
robot falls under the category of wheeled quadruped robots, offering enhanced efficiency
with the option of equipping it with wheels. Among the models it created, the Unitree B2
stands out for its impressive capabilities. It holds the distinction of being the fastest
industrial-grade 4-legged robot, boasting a maximum speed of 6m/s. Additionally, it
features technology that enables it to navigate high obstacles with ease while maintaining
stability and balance, even in challenging conditions. With a longest jump distance of 1.6m,
a payload capacity of up to 40 kg, and a maximum runtime of 5 hours, the Unitree B2 is a

versatile performer.

Equipped with a LIDAR sensor, infrared camera, and 3D mapping mode, this robot offers
advanced sensing capabilities. Alternatively, it can be fitted with wheels for increased
efficiency. With its versatility and adaptability, the Unitree B2 is suitable for a wide range
of operations. In particular, its high level of customization makes it well-suited for tasks

such as changing first wall panels, where efficiency is crucial.

In the following datasheet, the parameter of the product is presented:

Table 21.Parameter of Unitree B2.
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Parameter Value

Weight 60kg

Payload 120kg(standing); 40kg(walking)
Operating temperature -20 to 55 degrees

Running speed 6m/s

Size 1098mmx450mmx645mm

3.1.4 Collaborative robots

a. Twin arm servo manipulator--- ABB YuMi IRB 14000
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Figure 25. YuMi IRB 14000

YuMi is a collaborative dual-arm robot engineered for environments where humans and
robots collaborate. It fully leverages the significant potential of human-robot teamwork in
assembling small parts. YuMi's design intentionally mirrors human characteristics,
appearing friendly and non-threatening, with a compact two-arm body requiring no more
space than a human workstation. Each arm boasts seven axes of flexibility, replicating
human movement and optimizing spatial efficiency. Featuring dual arms, adaptable hands,
a versatile parts feeding system, camera-based part positioning, and cutting-edge motion

control, YuMi excels in various small parts assembly settings.

At the heart of YuMi lies inherent safety, exceptional precision, and the ability to function
without safety barriers. Similar to the human arm's structure, YuMi incorporates a
lightweight yet rigid magnesium skeleton covered by a floating plastic shell encased in soft
padding. This construction effectively absorbs the impact force of unexpected collisions.
With no pinch points akin to human arms, YuMi safeguards sensitive accessories from

being trapped between opposing surfaces during operation. Upon sensing an unforeseen
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impact, such as colliding with a colleague, YuMi swiftly halts its movement and resumes
upon command, akin to pressing play on a remote control. Furthermore, the robot swiftly
detects environmental changes and can respond to overload conditions by ceasing
movement within milliseconds, minimizing injury risk. Combined with floating liners,

these safety features significantly enhance protection for human coworkers.

Despite its emphasis on safety, YuMi delivers exceptional precision and speed,
consistently returning to the same spatial point with an accuracy of within 0.02 mm and
reaching speeds of up to 1500 mm/s. YuMi heralds a new era of collaborative robotic

companions, capable of working alongside humans and executing identical tasks while

prioritizing the safety of those in proximity. (directindustry.com, 2024).

In the following datasheet, the parameter of the product is presented:

Table 22. Parameter of YuMi IRB 14000.

Parameter Value
Weight 38kg
payload 500g

Reach 500mm
Velocity 1.5m/s
Total bottom 399*496mm
b. LBRiisy

Figure 26. LBR iisy

The LBR iisy Cobot represents a groundbreaking advancement in industrial robotics,
offering a versatile and intuitive solution for various production areas. Its design

seamlessly integrates the precision and speed of traditional industrial robots with the
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flexibility and simplicity required for modern manufacturing environments. This
collaborative robot excels in tasks demanding precision, speed, and dexterity, such as
loading and unloading machines, pick-and-place operations, handling, packaging, and
testing. Its lightweight construction, compact footprint, and integrated sensors ensure

optimal performance across diverse applications.

One of the key advantages of the LBR iisy is its ease of deployment. With intuitive
operability and integrated manual guidance, commissioning becomes effortless, allowing
the robot to be ready for production tasks within minutes. Additionally, tool changes are
swift and seamless, thanks to the standardized ISO flange and integrated cable routing for
power supply. The cobot's sleek and ergonomic design not only enhances its aesthetic
appeal but also contributes to its practicality. With no sharp edges and a minimal footprint,
it can be easily maneuvered and programmed by hand, even in confined spaces.
Furthermore, its high joint speed enables efficient operation comparable to traditional
industrial robots, ensuring optimal performance across various tasks. Moreover, the LBR
iisy is equipped with a proven industrial-grade drive train, supporting essential industry-
standard features such as field bus protocols and safety measures. This ensures smooth
integration into existing production systems, making it a cost-effective solution for small

and medium-sized companies seeking to automate their processes.

In terms of safety, the cobot is equipped with sensitive joint torque sensors on all six axes,
enabling force-based applications without the need for additional sensors. It provides
responsive operation akin to a human hand and offers immediate reaction to contact,
ensuring certified collision protection for human operators. Even when operating

autonomously, it can achieve higher production speeds comparable to traditional industrial

robots, further enhancing its efficiency and productivity (kuka.com, 2024).

In the following datasheet, the parameter of the products is presented:

Table 23. Parameter of LBR iisy
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Parameter/type | LBR iisy 3 | LBR iisy 6 | LBR iisy 8 | LBR iisy | LBRiisy LBR iisy

R760 R1300 R930 11R1300 11R1300 15 R930

CR
Payload 3kg 6kg 8kg 11kg 11kg 15kg
Maximum 760mm 1300mm 930mm 1300mm 1300 mm 930mm
reach
Footprint 2210 mm - 275 mm x | 275 mm X | - 275 mm x
275 mm 275 mm 275 mm
Weight 22.8kg - 43.2kg 46.3kg - 43.2kg
approx.
3.1.5 Delta robots

a. KR DELTA

Figure 27.KR DELTA

The KR DELTA robots are rapid robots meticulously crafted for accurate pick-and-place
operations, all while adhering to rigorous safety protocols. These robots thrive across a
multitude of sectors including the food and electronics industries, presenting economical

operational expenses in packaging, manipulation, and manufacturing procedures.

With lightning speed and remarkable payload capacity of up to 6 kg, KR DELTA robots
deliver exceptional performance. They boast impressive cycle times of up to 0.32 seconds,
ensuring precise pick-and-place operations with high point repeatability and angular
repeatability. Certified for areas requiring utmost hygiene, such as food processing,

pharmaceuticals, and electronics, these robots feature stainless steel or carbon fiber bodies.
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Engineered with encapsulated gears and self-lubricating ball joints, KR DELTA robots are
virtually maintenance-free. The motors are directly attached to the base, contributing to
their reliability and ease of operation. Interacting seamlessly with the micro robot
controller, these products ensure efficient operation with minimal energy consumption and

maximum safety.

The industry-proven design of KR DELTA robots offers a huge working range with a
reach of 1,200 mm and a working range of 350 mm in vertical direction. Operating
temperature is from 0°C to 45°C, these robots have a small footprint, making them suitable
for space-constrained environments. Moreover, KR DELTA robots feature a flexible
flange for easy mounting of various grippers, enhancing their versatility for pick, pack, and
place applications across a wide range of fast-moving consumer goods. Shielded from dust
and moisture, these robots are resistant to environmental elements and can withstand

cleaning with a high-pressure cleaner of up to 100 kPA, ensuring longevity and reliability

in demanding industrial environments (kuka.com, 2024).

In the following datasheet, the parameter of the products is presented:

Table 24.The parameter of KR DELTA

Parameter/type KR 3 D1200 KR 3 D1200 HM

Payload 3kg 3kg

Maximum reach 120mm 1200mm

Footprint 9350 mm -

Weight approx. 105 kg 95kg

Operation termperature | 0 °C to 45 °C (273 K to 318 | 0 °C to 45 °C (273 K to 318 K)
K)

b. IRB 390

The IRB 390 FlexPacker represents a groundbreaking advancement in Delta Robot
technology, catering to the evolving needs of modern production environments
characterized by low volume, high mix production. Designed to facilitate rapid changeover
times, this delta robot is tailored to meet the demands of emerging consumer trends,

accommodating higher payloads and flexibility, all while maintaining remarkable speed.
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Figure 28.IRB 390 FlexPacker

One of the standout features of the IRB 390 is its class-leading payload capacity, boasting
a high 15kg payload and expansive working range. This enables the robot to execute
multiple product picks, broadening the spectrum of products it can handle and significantly
enhancing throughput. Additionally, the variant with a 5th axis (10 kg) provides enhanced
dexterity and flexibility compared to equivalent 4-axis (15 kg) robots. It offers capabilities
such as vertical orientation of boxes and parcels, while maintaining high speeds surpassing

6-axis units.

Moreover, the IRB 390 contributes to increased productivity with its impressive
performance metrics. It operates 35% faster and boasts a 45% larger working volume
compared to its counterparts. Seamlessly integrating with ABB’s IRB 360 FlexPickerTM
and PickMaster Twin software, the robot enables the creation of simulated packing stations
to optimize the picking process. Furthermore, the IRB 390 exhibits fast performance with
its class-leading cycle time, allowing it to efficiently retrieve items from high-velocity
systems operating at speeds of up to 100 meters per minute and place them into various

packaging formats such as cases, trays, and crates.

Overall, the IRB 390 FlexPacker sets a new standard in Delta Robot technology, offering

unparalleled versatility, speed, and productivity to meet the evolving demands of modern

manufacturing and packaging operations. (new.abb.com, 2024)

In the following datasheet, the parameter of the products is presented:
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Table 25.Parameter of IRB 390 FlexPacker.

Parameter Value

Payload 10-15kg

Maximum reach 1300mm

Footprint -

Weight approx. -

Speed 100 m/min
3.1.6 Drones

Drones have already become an essential tool in monitoring processes at power plants and
other facilities that are challenging to monitor with traditional methods. Locations and
areas that are extensive or possess environmental hazards are not always viable to be
inspected with human resources and may cause safety and health concerns for those who
are performing the maintenance. Drones are a cost-effective method for power plant

operators to achieve more comprehensive maintenance capabilities for different processes.

a. Caged drone

Figure 29.Elios 3

The Elios 3 drone incorporates cutting-edge technologies to enhance its stability, locational
awareness, and flight safety, making it a versatile and reliable tool for industrial
inspections. Utilizing a SLAM-based stabilization algorithm, the drone can detect and
compensate for even the slightest unpredictable movements, allowing it to remain

stationary in challenging conditions. This feature ensures that pilots of all skill levels can
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successfully execute complex missions with minimal training, making the Elios 3 suitable
for demanding industrial environments. Moreover, equipped with a patent-pending
collision-resilient flight controller and a rugged IP-44 design, the Elios 3 can withstand
harsh conditions, including water splashes and dust, enabling inspections in challenging

environments without compromising performance.

Furthermore, the Elios 3 boasts flawless locational awareness facilitated by a modular
payload bay with dedicated ports for LIDAR and auxiliary payloads. This integrated design
allows for versatile aerial capabilities and future-proof functionality, ensuring adaptability
to evolving inspection requirements. In terms of flight safety, the Elios 3 incorporates
advanced features such as automatic monitoring of live video connection and Return-To-
Signal functionality. In the event of a video feed interruption, the drone prompts the pilot
to autonomously return along its original path until the connection is restored, ensuring
continuous monitoring and data capture during inspections, even in marginal radio signal
conditions. Overall, the Elios 3 sets a new standard for industrial inspection drones,

providing unmatched stability, locational awareness, and flight safety for complex

missions in various industrial settings (flyability.com, 2024).

In the following datasheet, the parameter of the product is presented:

Table 26.Elios 3

Parameter Value

Weight 1.9kg, 2.35kg(include lidar mapping payload)

Max take-off mass 2.5kg

Flight time More than 12.5mins

Charging time 1h

Max ascent/descent speed 2m/s

Max horizontal speed 2m/s(assist mode)
Sm/s(attitude mode)
7m/s(sport mode)

Dimensions 48cm wide;38cm high

Operating termperature 0°Cto50°C

b. Drones with Inspection Capability--- DJI Matrice 350 RTK drone
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Figure 30.DJI Matrice 350 RTK drone

DIJI Matrice 350 RTK drones equipped with inspection capabilities, such as high-resolution
cameras, infrared sensors, can perform various inspection methods of external reactor
structures and confined spaces. They can fly to some area which are hard to reach by

common methods. It can be used for routine testing of nuclear reactors.

Drones have high flexibility, which makes the reach of complex structures easier. Also,
drones are remote controlled. Thae means it has less risks and costs less time comparing to
traditional manual inspections. The limitations of drone inspection includes battery life of
drones, electromagnetic interference caused by the complex environment inside the fusion

reactor. They can directly affect drones’ work time and reducing operability and interfere

with data transmission.

Using the following improvements, such as replacing the battery with one that lasts longer,
developing autonomous navigation technology, changing the suitable frequency, and

increase the power of remote controller, could greatly improve the efficiency and

effectiveness of drones in nuclear fusion reactor inspections (enterprise.dji.com, 2024).

In the following datasheet, the parameter of the product is presented:

Table 27.DJI Matrice 350 RTK drone

Parameter Value
Weight 2kg

Max payload 2.7kg

Flight time 55mins

Max take-off weight 9.2kg

Max ascent/descent speed 6m/s, 5m/s
Max horizontal speed 23m/s

Di .
imensions 810x670x430 mm (without propellers)

Operating termperature -20°Cto 50 °C
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c. Radiation detection drone --Arktis

This radiation-detecting drone offers unparalleled performance, boasting a large area
detector (300 cm2) with exceptional sensitivity. It is capable of mapping an area of
100,000m2 in a single flight lasting 20 minutes, making it ideal for large-scale search
missions. With its spectral distinction capabilities, it can effectively differentiate between
artificial sources and Naturally Occurring Radioactive Materials (NORM), providing

valuable insights.

Equipped with a Flat Panel Gamma (FPG) detector, the drone can rapidly locate and
localize radioactive sources, enabling swift response to reactor accidents, identification of
stolen radioactive materials, or inspection of bulk goods for excess radioactivity. Its
LIDAR-based altitude measurement ensures precise altitude compensation and ground

projection of dose rate, enhancing accuracy in radiation detection.

Figure 31.Arktis

With minimal power consumption, the drone can sustain 20-minute missions per battery,
ensuring efficient operation. Unlike PMT-based systems, its SiPM readout remains
unaffected by changing magnetic fields, ensuring reliable performance in various

environments.

In terms of ease of operation, the drone offers minimal setup time and computer-assisted
mission planning, facilitating rapid deployment with minimal training. Its mission control
software features an intuitive Graphical User Interface (GUI) for flight control, data

collection, and analysis. Additionally, it is designed for both outdoor and indoor use and is
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interoperable with Arktis and third-party systems, providing flexibility and compatibility

(arktis-detectors.com, 2024).

In the following datasheet, the parameter of the product is presented:

Table 28.Parameter of Arktis.

Parameter Value

Weight 447.5 g(highest efficiency per weight)
Max payload 1.8kg

Flight time 20 mins per battery with 1.8 kg payload
Max speed 2-20 m/s ground speed

Dimensions 250 x 125 x 14 mm

Operating termperature -20°Cto 50 °C

d. Matrice 200 V2

The Matrice 200 V2 series drone, crafted by DJI, marks a significant departure from their
previously mentioned models and shares resemblances with drones from Arktis and
Skyranger. Nevertheless, it sets itself apart as the largest and heaviest drone among the
alternatives discussed in this report, which presents a notable downside. Despite its weight
of approximately 4.7 kilograms, this drone boasts an impressive flight time of around 38

minutes and can handle a maximum takeoff weight of 6.14 kilograms for 24 minutes.

Figure 32.Matrice 200 V2

One of the standout features of the Matrice 200 V2 is its sturdy structure, allowing for the
simultaneous utilization of multiple additional equipment, such as two cameras. This
attribute positions it as an outstanding payload drone capable of transporting all necessary
equipment required for remote maintenance tasks. While not ideally suited for indoor

operations due to its size, this drone offers great potential for monitoring temperature and
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radiation signatures outside the reactor core, provided certain adaptations are made to

facilitate its usage in such environments (dji.com, 2024).

In the following datasheet, the parameter of the product is presented:

Table 29.Parameter of Matrice 200 V2

Parameter Value

Weight 4.69 kg

Max payload 1.45 kg

Flight time 38 min (no payload), 24 min (takeoff weight: 6.14 kg)

Max speed Max Ascent Speed: 5 m/s, Max Decent Speed: 3 m/s

Dimensions Unfolded, propellers and landing gears included, 883%886x398 mm
Operating termperature -20°Cto 50 °C

3.2 Other industrial machines

Numerous industrial machines are applied in professional field, some latest products of

them are classified into four categories according to required tasks.

3.2.1 Crane category

Crane machines are used for automated handling and hoisting tasks, which can improve the
efficiency of logistics and manufacturing, reduce labor costs, and enhance safety. These
machines have the characteristics of precise control, strong adaptability, high safety,
sustainable work, etc., and are widely used in manufacturing, logistics and warehousing,
ports and shipping, construction sites, etc., providing efficient handling solutions for

various industries and promoting the development of industrial automation.

a. Overhead gantry crane ----- Konecranes RMGC

An overhead gantry crane is a form of overhead crane upheld by standalone legs that
traverse on wheels or a track or rail network. Unlike a bridge crane, it does not require
connection to a building's structural framework. This layout enables substantial savings in
material expenses and may offer a more economical alternative to a comparably specified

bridge crane. It is capable of managing heavy loads utilizing either a single or double
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girder arrangement. Gantry cranes are frequently employed for outdoor operations or

beneath an already established overhead bridge crane system.

They can also run on casters or rubber wheels, making them portable and versatile.

The Konecranes RMG (Rail Mounted Gantry) crane stands as the epitome of state-of-the-
art material handling systems in container terminals and intermodal yards. These cranes are
installed on rails, enabling efficient movement in both horizontal and vertical directions,
executing tasks with exceptional speed and precision. With lifting capacities ranging from
40 to 65 tons, they can stack containers up to l-over-6 high. Renowned for their
operational efficiency, reliability, and minimal maintenance requirements, these cranes are

indispensable in highly competitive terminal environments.

Trolley traversing speed

Lifting
height

Hoisting

Yy Gantry traveling speed

Outreach Span Outreach

Figure 33.Konecranes RMGC

As shown in figure, boasting a span of 48,000 mm and an outreach of 2*18,000 mm. The
trolley traversing speed can reach 120-150 meters per minute, while the slew speed ranges
from 1.6 to 2.1 revolutions per minute or 310 degrees. When lifting heavy loads, the
hoisting speed is between 30 and 45 meters per minute, with a maximum lifting height of
9,000 mm. The gantry traveling speed matches that of the trolley traversing speed.
Additionally, these cranes can be upgraded from manual operation to remote-controlled
automation, with the control system housed in an E-house on the trolley. Integration with

terminal operating system and equipment control system provides digital interfaces, while

IT maintenance services are also available (konecranes.com, 2021).

In the following datasheet, the parameter of the product is presented:



57

Table 30. Parameter of Konecranes RMGC.

Parameter Value

Span 48000mm

Outreaches 2*18,000 mm

Lifting height 9000mm

Capacity 40-50t(STD)

Hoisting speed 30-45m/min(loaded);60-90m/min(empty)
Trolley traversing speed 120-150m/min

b. Spider crane--- UNIC URW-1006

A spider crane, also known as a mini crane, is designed to operate in restricted or limited
working spaces. It shares many features with traditional cranes but stands out due to its
compact size and adaptability to challenging surfaces and spaces. The spider crane’s
unique features include a compact body, crawlers for mobility, an electric motor for
seamless indoor operation, and lightweight construction for easy transport. It also comes
with four outriggers for stability and a winch for continuous use. Despite its small size, a
spider crane can perform in rough terrains and confined spaces, making it a versatile piece

of equipment in the construction industry.

Figure 34.UNIC URW-1006

The most powerful mini crane in the world, UNIC URW-1006. It has an unrivaled 10-ton
lifting capacity and offers a spacious lift height of 30.7 meters and a working radius of 24.3
meters, but only 2 meters wide remains. Superb smallest size, ideal for operating in limited
spaces. The multi-purpose mini crane also has good pick-up and handling features. This
allows it to carry loads of up to 1.5 tons. The maximum stability can be provided by its

configurable outriders when operating on uneven surfaces. Thanks to its complete safety
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interlock system. When the hydraulic outrigger is folded, the lifting capacity is 750kg, and
when the hydraulic outrigger is opened, the lifting capacity is 1500kg.

The UNIC URW-1006 is also equipped with a computer-controlled torque limiter (safety
load indicator) and has a high-resolution color display. Multi-purpose functionality is
facilitated via wireless remote control, featuring digital feedback, overflow alert,
computer-controlled intelligent vocal alert system, smart throttle activation, automatic

hook withdrawal, overload cautionary alerts and indicators, and operational area

limitations, all contributing to enhanced safety measures. (uniccranes.com, 2023).

In the following datasheet, the parameter of the product is presented:

Table 31. Parameter of UNIC URW-1006.

Parameter Value

Weight 14000kg including optional electric pack and optional hydraulic fly jib
Dimensions folded: 6060mm x 2000mm x 2460mm

Lifting height 22.8m

27.6m with first stage fly jib
30.7m with second stage fly jib

. 10.0t x 3.0m
Capacity

Hoisting speed 10 -16 m/min with 4-part line
20 -32 m/min with 2-part line
40 -64 m/min with 1-part line

c. SANY STC900 Crane

The lifting equipment described boasts exceptional capacity and cutting-edge features
tailored to optimize efficiency, safety, and reliability across diverse industrial settings. Its
standout feature lies in the five-section U-shaped main boom, extending a remarkable 50
meters, setting a new standard for lifting capabilities in the industry. This formidable
lifting capacity is further complemented by a chassis engineered for robustness, featuring a
brand-new design with enhanced width and structural integrity, ensuring unparalleled

stability and performance.
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Figure 35.SANY STC900

The electro-hydraulic proportional hydraulic system empowers precise lifting operations,
leveraging imported pumps and motors to deliver meticulous control. Notably, this
system's energy-saving capabilities elevate operational efficiency by 15%, surpassing
traditional hydraulic systems, while its intelligent flow compensation enhances
coordination and operational fluidity. In prioritizing operator comfort and convenience, the
humanized control system shines, featuring a widened cab and ergonomic design elements
that foster a comfortable and conducive working environment. Maintenance procedures are
streamlined through accessible components and a user-friendly superstructure cover,

facilitating ease of upkeep and upkeep efficiency.

Safety and reliability are paramount considerations, underscored by the equipment's multi-
safety protection features and advanced torque limiter systems, which prevent
misoperation and safeguard personnel. Real-time monitoring is facilitated by strategically
placed sensors, empowering operators with crucial insights into equipment status. The
Global Control Platform (GCP) system represents the pinnacle of remote monitoring and
management, empowering operators to oversee equipment performance, collate operation
data, and diagnose faults from a remote vantage point. This system not only enhances

operational efficiency but also facilitates proactive maintenance and troubleshooting,

ensuring uninterrupted workflow and maximizing uptime (sanyglobal.com, 2019).

In summary, the equipment's robust design, innovative technology, and comprehensive
safety features converge to form a highly reliable and efficient solution for a wide array of

lifting and industrial applications.
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In the following datasheet, the parameter of the product is presented:

Table 32. Parameter of SANY STC900.

Parameter Value

Dimension 15290*2800*3880mm

Overallweight Stons

The length of boom (Base boom)12.96m
(Max main boom) 50 m

Capacity o0t

Hoisting speed 130 m/min

3.2.2 Jack category

A jack is a mechanical device used to lift a heavy object or lift a vehicle. It is usually
composed of metal components and a hydraulic system. They are widely used in
automobile maintenance, construction engineering, industrial production and other fields,
providing users with convenient lifting solutions. The main function of a jack is to provide
additional lifting power to perform repairs, replace parts, or perform other work tasks.
They can lift heavy objects of all types and sizes, and are used in a wide range of

applications, from small cars to large industrial equipment.

a. Portable electric jacks---Whiting jacks

Portable electric jacks are compact, mobile lifting devices used in various industries,
especially for vehicle and rail maintenance. They offer the convenience of easy movement
and positioning, combined with the power to lift heavy loads. These jacks are valued for

their reliability, safety features, and customizable lifting capacities and controls.

o

ré’?

Figure 36.Whiting jacks
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All Whiting jacks are constructed with welded steel bases and structural steel columns,
providing a sturdy foundation for lifting equipment. The unique bracket design allows for
versatility in lifting equipment attachment. A key component of these jacks is the alloy
steel jack screw, connected to a worm gear and supported by a large thrust bearing.
Precision-machined serrated threads on the jack screw ensure smooth operation. The
aluminum bronze nut moves along the screw, supporting the steel lifting bracket of the
welded part, enabling reliable load lifting capacity across the lifting range part, enabling

reliable load lifting capacity across the lifting range.

Additionally, the jack features a lifting eye for added functionality. Sealed bellows and a
fully enclosed motor with a brake facilitate easy inspection and maintenance. Whiting
maintenance equipment, known for its reliability and service-tested performance, can be
configured in various setups to streamline maintenance processes, minimize costs, and
reduce downtime. An interlock control device allows for independent or simultaneous
operation with multiple jacks. Enhanced safety features include a zero-speed shutdown
system and an overrun limit switch, significantly mitigating the risk of injury or damage.
This kind of portable electric jacks are available in a range of capacities and power options,

from 10 to 60 tons and 2 to 15 horsepower, providing flexibility to meet diverse lifting

needs (whitingcorp.com, 2023).

In the following figure, some parameters of jack are presented:

MIN
CAPACITY SPEED SCREW WEIGHT
MODEL HP EFF. LIFT. BRACKET HEIGHT WIDTH LENGTH
[TONS) [IN/MIN] [1]1. [LBS)
HEIGHT
N 13 10 e 3
10 2 12 5-11 8 25 s 3-10 . 3100
N 1w — 3
15 3 12 5-11 135 3 . A 3-10 g 3200
T 10 e 3
20 5 12 5-11 135 3 Barie" 3-10 e 3300
25 5 9 6-0" 27" 3-15/16" > 3 a1z 2900
13/4" 51/2"
25 5 s 6-0" 23" 3-15/16" > 3 a1z 2900
1378 51/2"
35 75 5 6-0" 27" 3-15/16" > ¥ a-1/27 2900
: 13/8" 51/2"
35 75 9 6-0" 23" 3-15/16" ¥ 3 -2 2900
- 1378 51/2"
- - . . 1 3 &
50 125 8 5-7 2-9 4-15/16 7 e . barer 4400
- . . . 1 3 p
60 15 9 5-7 2-9 4-16/16 L - .- - 4600

Figure 37.The parameter of Whiting jacks.
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b. Heavy-duty electric pallet jacks---Morello

Heavy-duty electric pallet jacks are motorized tools designed for moving and handling
large, heavy pallets in industrial settings. They are equipped with an electric motor for easy
maneuvering and can handle significantly larger loads than manual pallet jacks, making
them ideal for frequent, intensive use in warehouses and manufacturing environments.
These jacks are known for their efficiency, durability, and ability to reduce physical strain

for operators.

Figure 38.Morello

Morello designs and manufactures electric pallet carriers with a remarkable carrying
capacity of up to 100 tons. These electric pallet carriers offer exceptional flexibility in
material handling, featuring a low load surface and impressive lifting capacity. The load
sits on a specially designed steel pallet, allowing the electric pallet truck to slide
underneath, lift, and transport it to another location within the facility. Alternatively, the
load can be positioned on a support, enabling a walking pallet truck to lift and relocate it to
a different area. To enhance performance, Morello's industrial electric pallet trucks are
equipped with an electric steering system, reducing the operator's workload. Heavy-duty
electric pallet carriers can be operated using control levers or radio remotes, minimizing

steering radius and ensuring ease of control for workers.

Furthermore, all of Morello's electric pallet carriers are battery-powered, offering enhanced
efficiency and convenience. They can be equipped with either standard lead-acid batteries
or lithium batteries, with lithium batteries being particularly favored for their extreme
flexibility and long service life. Lithium battery-powered electric pallet trucks boast

reduced charging times, requiring just a few minutes to charge fully, and can recover
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consumed energy in approximately 2 hours when the battery is completely depleted

(morellousa.com, 2024).

3.2.3 Mobile platform category

a. Rail guided trolleys---Morello

Figure 39.Rail guided trolleys---Morello

Morello’s Rail Guided Trolleys are industrial transfer carts designed to transport heavy
loads along a fixed path with precision. They are guided by rails to ensure accurate
movement. These trolleys are highly customizable, offering capacities ranging from 1 ton
to 1000 tons. Travel speeds can be adjusted from 1 km/h to over 10 km/h to suit specific

requirements.

Equipped with steel wheels and designed to run on steel rails, these trolleys are capable of
handling very high loading capacities due to the minimal friction between steel surfaces.
As a result, when compared to battery or diesel-powered trolleys on wheels, which require

steering systems and greater power, the cost of these rail-guided transfer trolleys with the

same dimensions and loading capacity is significantly lower (morellogiovanni.it, 2023).

b. Automated ground vehicles--- KUKA omniMove
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Figure 40. KUKA omniMove

Introducing the KUKA omniMove, a mobile heavy-duty platform revolutionizing XXL
load transportation with unrivaled precision and simplicity. This adaptable platform,
whether manually controlled or operating autonomously, ensures safe navigation even with
its sizable payload capacity. Featuring specialized wheel technology, the omniMove offers
seamless omnidirectional movement from a standstill position, enabling precise
translational and rotational motions in tight spaces. With the sophisticated
KUKA . Navigation, it autonomously maneuvers without collision risks or floor markings,

ensuring efficient operation.

Boasting a remarkable payload capacity of up to 90 tones and precise positioning accuracy
within £3 millimeters without contact, the KUKA omniMove delivers unparalleled power
and precision in handling heavy XXL components. Moreover, its modular design allows
for customization in size, width, and length, catering to diverse industrial requirements.

With options for self-contained energy supply, it offers enhanced flexibility and extended

operational capabilities (kuka.com, 2024).

c. DTA Dolphin

Figure 41.DTA Dolphin
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Introducing the DTA Dolphin, an exceptional Automated Guided Vehicle (AGV)
renowned for its remarkable heavy load carrying capacity. Offering extensive
customization options, it caters to diverse applications, with models available up to 22
meters in length. One of its standout features is the integration of wheels, enabling
seamless omnidirectional movement. This innovative design allows the DTA Dolphin to
navigate effortlessly in complex industrial environments. With a maximum payload

capacity of 300 tons, this AGV excels in versatility and value, proving to be an invaluable
asset in various logistical and manufacturing operations (antdriven.com, 2024).

3.2.4 Scissor lift category

Operated by electric batteries rather than a combustion engine, electric scissor lifts offer
enhanced environmental sustainability. They are particularly well-suited for indoor usage
as they produce no exhaust emissions or disruptive noise during operation. Electric scissor
lift platforms typically feature compact designs, reduced bulkiness, and narrower platforms

compared to their diesel-powered equivalents.
a. JLG AE1932
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Figure 42.JLG AE1932

The AE1932 Scissor Lift represents a groundbreaking advancement in scissor lift
technology, boasting a fully electric design devoid of hydraulic components. This
innovative approach ensures zero emissions and zero leaks, thereby eliminating any
environmental hazards commonly associated with traditional hydraulic lifts. Powered
solely by a single 24V Lithium Ion, 72Ah battery, the AE1932 offers unparalleled

efficiency and sustainability throughout its operational lifespan.
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Moreover, this scissor lift features expedited charging capabilities, allowing for a rapid
five-minute charge to cover 100 ft of drive, coupled with ample torque for loading tasks.
With its low noise levels and smoother operation facilitated by efficient AC drive motors,
it achieves a stowed drive speed of 4 mph. Furthermore, independent wheel motor control
minimizes tire wear and mitigates potential damage to delicate flooring surfaces. Setting a
new industry standard, the AE1932 Scissor Lift demands minimal maintenance while
introducing a state-of-the-art diagnostic and analyzer tool compatible with any smart

device. This tool enhances troubleshooting efficiency, ensuring seamless operation and

maximizing uptime for enhanced productivity (jlg.com, 2024).

b. Jovvo Z06N

Figure 43.Jovvo Z0O6N

The JOVOO ZO06N Scissor Lift is a versatile and efficient solution for a variety of
applications. With a working height of 7.8m and a robust platform capacity of 320kg, it
excels in lifting heavy loads to considerable heights. Despite its compact dimensions of
1.80m in length and 0.76m in width, it navigates tight spaces effortlessly while maintaining
stability with its 1500kg weight. This electric scissor lift offers a plethora of benefits, such
as a compact structural design that improves maneuverability and adaptability for aerial
tasks, a comprehensive safety mechanism guaranteeing worker well-being and
effectiveness, an expanded platform affording workers a broader operational scope, and a

premium battery providing extended operational lifespan and resilience.

Operational features include a ground control panel for convenient ground-level control of
lifting and lowering functions, a hydraulic system easily accessible for maintenance, an

overall power switch for controlling the platform's power, and a tilt alarming system that
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prevents tilting on slopes exceeding 3°, ensuring user safety. Additionally, the scissor lift
features a work indicating light to signal normal operation or faults, maintenance support

for stability during maintenance tasks, a platform controller for regulating driving speed

and lifting/lowering functions, and a foot switch for extended platform control

(jovoolift.com, 2024).

With these features and capabilities, the JOVOO Z06N Scissor Lift provides a reliable and

efficient solution for lifting needs in various environments, both indoors and outdoors.

4 Analysis of industrial machinery required for fusion reactors.

The size of ports in DEMO has measured by CAD modeling, including upper port,
equatorial port and lower port. Due to the limitation of specific measurement, some

industrial products failing enter it can be omitted.
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Figure 44. Equatorial port

The measurement of the equatorial port as shown above is rectangular shaped, which is

1.3*3*4.09m as the maximum dimension for industrial products entering.
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Figure 45. Lower port

The measurement of the lower port as shown above is rectangular shaped, which is

3.5*%3.2*4.45m as the maximum dimension for industrial products entering.

Figure 46. Upper port

The entrance of the upper port as shown above is trapezoid shaped, which is 8.55*5.83m

the maximum dimension for industrial products.

Some sifted products are presented in the following table, depending on related tasks.
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Depending on previous analyzation of lifting task in DEMO, Cranes, jacks and scissor lifts

can be considered in lifting breeding blankets (BB), divertor cassettes (DC) and other

components in ports. Other flexible manipulators may be applied when dealing complex

conditions.

There are some parameters of components in ports from CAD and references in following

figures. The mass of them can be considered as a standard to judge lifting products’

capacity.
Bio-shield Length [mm] Width [mm] Thickness [mm] | Mass [tonnes]
door/plug
UP 9200 5800 (widest) 1000-3000 179-436
EP 5000 3000 2000 120
LP 5985 4700 2000 215

Figure 47 Parameters of Bio-shield door/plug in ports.

The mass of these three components is from 120tonnes to 436tonnes.
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PCP Length [mm] Width [mm] Thickness [mm] | Mass [kg]
UP PCP 7600 4000 (widest) 200 (with rib) 25000

EP PCP 1 2550 3420 110 3900

EP PCP 2 1325 3220 80 2650

EP PCP 3 (NTM) 485 890 40 130

EP PCP 3 (Heating) | 650 670 40 130

LP PCP 3800 3400 300 (with rib) 14000

Figure 48.Parameters of PCP port closure plate.

The mass of PCP components is from 130kg to 25000kg.

Component Height Width Length Mass (without | Mass (with
cooling) cooling)
Configuration 1

NS A 3160 mm 900 mm 1200 mm - 20 tonnes

N5 B1 950 mm 900 mm 1170 mm 8 tonnes 5.2 tonnes

N5 B2 950 mm 900 mm 1170 mm 8 tonnes 5.2 tonnes

Configuration 2 { [6])
NS A 3000 mm 910 mm 1195 mm - 17t
NS B 3000 mm 910 mm 1170 mm - 17t

Figure 49.Parameters of NS (Neutron shield)

The mass of NS is from 5.2 tones to 17tonnes.

4.1.1 Cranes

Table 33. Different type of cranes.

Crane/Parameter Capacity | Dimension Hoisting speed

Overhead gantry crane- | 40-50t Span:48000mm 30-45m/min(loaded);60-90m/min(empty)
---Konecranes RMGC

Spider crane--- UNIC | 10t Folded: 6060mm | 10 -16 m/min with 4-part line
x 2000mm x L .
URW-1006 2460mm 20 -32 m/min with 2-part line
40 -64 m/min with 1-part line
Truck crane---SANY 90t 15290*2800*388 | 130m/min
STC900 Crane Omm

In the DEMO project, cranes play a pivotal role in lifting and transporting heavy
equipment, components, and materials crucial for supporting the construction, maintenance,
and operation of the reactor apparatus. However, unlike some scenarios where cranes
require direct access to the reactor area or inside the nuclear facility, in this context, they

are strategically positioned on work platforms or buildings surrounding the facility. From
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these vantage points, they execute lifting and handling tasks efficiently without the need

for port dimensions to limit their operation.

Firstly, the Overhead Gantry Crane(Konecranes RMGQG), represents a robust solution for
container terminals and intermodal yards. Its distinguishing feature lies in its freestanding
legs or rail-mounted design, allowing for independent movement without reliance on
building structures. This mobility, coupled with high lifting capacities ranging from 40 to
65 tons, makes it an efficient choice for container stacking tasks. Moreover, its operational
efficiency, reliability, and potential for automation upgrades ensure seamless integration

with terminal operating systems, enhancing overall productivity.

In contrast, the Spider Crane, the UNIC URW-1006, caters to environments with restricted
or limited working spaces, such as construction sites with rough terrains or confined indoor
areas. Its compact size and crawler mobility enable it to navigate challenging surfaces with
ease, offering a respectable 10-ton lifting capacity, which means it can be a good option for
lifting PCP and NS components. Additionally, its safety interlock system and configurable
outriggers ensure stability even on uneven ground, making it a versatile and reliable choice

for a variety of construction applications.

Lastly, the Truck Crane, typified by the SANY STC900, stands out for its heavy lifting
capabilities and robust design. Featuring a U-shaped main boom extending an impressive
50 meters, it excels in diverse industrial settings requiring substantial lifting power.
Furthermore, its energy-saving hydraulic system and humanized control interface prioritize
efficiency and operator comfort. With advanced safety features such as a comprehensive
torque limiter system and real-time monitoring capabilities, it ensures both operational
safety and reliability. But all these cranes can’t lift the heavier bio-shield door, which at

least needs 120t capacity.

In summary, while each type of lifting equipment serves a distinct purpose, they all share a
common goal of optimizing efficiency, safety, and reliability in industrial lifting operations.
Whether it's the mobility and integration prowess of the Overhead Gantry Crane, the
adaptability and compactness of the Spider Crane, or the heavy lifting capabilities and
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advanced features of the Truck Crane, these machines represent the forefront of modern

material handling technology.

4.1.2 Jacks

Table 34. Different type of Jacks.

Jack/Parameter Capacity | Dimension Speed
Portable electric jacks---Whiting jacks 10-60t Customized 9-12in/min
Heavy-duty electric pallet jacks---Morello | 100t Customized from 0.5 mph to over 2 mph

These jacks are valued for their reliability, safety features, and customizable lifting
capacities and controls. Two notable examples are portable electric jacks and heavy-duty

electric pallet jacks, each serving distinct purposes tailored to specific industrial needs.

Portable electric jacks are compact, mobile lifting devices widely utilized in various
industries, especially for vehicle and rail maintenance. Constructed with sturdy welded
steel bases and structural steel columns, these jacks offer reliability and safety features
essential for heavy lifting tasks. Equipped with alloy steel jack screws and precision-
machined serrated threads, they ensure smooth operation and versatile attachment options.
With lifting capacities ranging from 10 to 60 tons and power options from 2 to 15
horsepower, they provide flexibility to meet diverse lifting needs. Enhanced safety features,
such as zero-speed shutdown systems and overrun limit switches, further mitigate the risk

of injury or damage during operation.

On the other hand, heavy-duty electric pallet jacks are specialized tools designed for
moving and handling large, heavy pallets in industrial environments. Manufactured with
durability and efficiency in mind, these jacks are capable of handling significantly larger
loads than manual pallet jacks. Featuring a low load surface and steel pallet design, they
offer exceptional flexibility in material handling tasks. With a remarkable carrying
capacity of up to 100 tons, they excel in warehouse and manufacturing settings where
heavy pallets need to be transported efficiently. Equipped with electric steering systems
and control mechanisms, operators can easily maneuver the pallet jacks, minimizing

physical strain and ensuring precise control during operation.
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While both machines share similarities in their electric power source, industrial use, and
heavy load capacity, they serve distinct purposes and employ different load handling
mechanisms and can be a good option for lifting relatively PCP and NS components.
Portable electric jacks offer versatility and mobility for lifting and maintenance tasks,
while heavy-duty electric pallet jacks specialize in handling large pallets with efficiency

and durability. And both of them are customized, which means they can apply in DEMO.

4.1.3 Scissor lifts

Table 35. Different type of scissor lifts.

Scissor Capacity Dimension Weight Feature

lift/Parameter

JLG AE1932 274.88kg 1.74m in 1564.89 kg Working height of 7.62m
length and and a robust platform
0.81m in width capacity of 275kg

Jovvo ZO6N 230kg 1.80m in 1500kg Working height of 7.8m
length and and a robust platform
0.76m in width capacity of 320kg

The AE1932 Scissor Lift and the JOVOO Z06N Scissor Lift represent two innovative
solutions for lifting needs in a DEMO environment, each offering distinct features and

capabilities tailored to specific requirements.

The AE1932 stands out for its groundbreaking fully electric design, devoid of hydraulic
components. This feature ensures zero emissions and eliminates environmental hazards,
making it an environmentally friendly option. Powered by a single 24V Lithium-Ion
battery, it offers efficient and sustainable operation throughout its lifespan. Rapid charging
capabilities enable quick turnaround times, while low noise levels and smoother operation
ensure minimal disruption. Additionally, its independent wheel motor control minimizes
tire wear and protects delicate flooring surfaces, enhancing its versatility. With minimal
maintenance requirements and state-of-the-art diagnostic tools, troubleshooting is efficient,

ensuring maximum uptime for enhanced productivity.

In contrast, the JOVOO Z06N Scissor Lift excels in versatility and efficiency, boasting a
compact structure design that enhances flexibility and agility in aerial jobs. Despite its

small footprint, it offers a robust platform capacity of 320kg and a working height of 7.8m,
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making it suitable for lifting heavy loads to considerable heights. Safety is paramount, with
a complete safety device ensuring worker safety and efficiency during operation.
Operational convenience is enhanced with features such as a ground control panel,
hydraulic system accessibility, and a tilt alarming system. The high-quality battery

provides longer working life and endurance, ensuring reliability in various environments.

While both scissor lifts offer solutions for lifting heavy loads and prioritize safety, they
differ in their design and focus. The AE1932 emphasizes environmental sustainability and
efficiency with its electric design and rapid charging capabilities. In contrast, the JOVOO
ZO6N prioritizes versatility and operational convenience with its compact structure and

comprehensive safety features.

4.1.4 Arm manipulators

Table 36. Different type of manipulator.

Manipulator/Parameter Weight/Payload Reach
Snack-arm robots---series II-X125 -/10kg -

Float arm-long-reach snake manipulator ---Hibot 35kg/2.5kg 7*5m
Twin arm servo manipulator--- ABB YuMi IRB 14000 | 38kg/0.5kg 500mm
Radiation hardened manipulator arms(M3000) 91kg/68kg(hand capacity) 1156mm
Radiation hardened manipulator arms(M6000) 250kg/181kg(hand capacity) 1956mm

In a DEMO scenario, robotic arms play a crucial role in lifting tasks across various
applications. The snake-shaped robotic arm stands out with its remarkable flexibility and
independently controlled tip, enabling it to access confined or hazardous spaces
inaccessible to humans. With its lifting capability, this arm can handle equipment,
components, or materials for tasks such as inspection, cooling, or transportation, enhancing

efficiency and safety in challenging environments.

Meanwhile, HiBot's Float Arm Long-range Serpentine Robot offers extended reach
capabilities, making it adept at lifting and maneuvering loads in tight spaces or elevated

positions. Its ability to perform inspection, maintenance, or repair activities in challenging
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terrain or confined environments demonstrates its versatility and effectiveness in lifting
tasks.

PAR's Radiation Hardened Robot System provides substantial payload capacity and
diverse deployment options, making it suitable for lifting heavy loads in various
orientations. Whether for assembly, maintenance, or transportation tasks in nuclear
facilities or hazardous sites, this robotic arm excels in ensuring efficient and safe lifting

operations.

Finally, YuMi Collaborative Dual-arm Robot specializes in precise handling of small parts
or components. While its main focus is on assembly tasks, its lifting function enables it to
lift and manipulate objects with accuracy, supporting tasks such as assembly, packaging, or

sorting in collaborative environments.
Overall, the lifting function of robotic arms in a DEMO scenario contributes significantly
to efficiency, safety, and productivity across a wide range of tasks and applications. Each

robotic arm offers unique features and capabilities suited to specific lifting requirements,

addressing various challenges encountered in different environments.

4.2 Inspection
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Drones and quadruped robots are applied in inspection task and some manipulators with
end actuator can be used when entering narrow place.

4.2.1 Drones

Table 37. Different type of drones.

Drone/Parameter | Capacity Dimension Weight

Caged drone- Max ascent/descent speed: 2m/s 48cm wide;38cm 1.9kg,

Elios 3 Max horizontal speed: 2m/s(assist mode) | high 2.35kg(include
Sm/s(attitude mode) lidar mapping

payload)

7m/s(sport mode)

DJI Matrice 350 Max ascent/descent speed: 6m/s, Sm/s 2kg

RTK drone Max horizontal speed: 23m/s 810x670x430 mm

Radiation Max speed: 2-20 m/s ground speed 250 x 125 x 140 | 447.5¢g

detection drone -- mm

Arktis

Matrice 200 V2 Max ascent/descent speed: Sm/s, 3m/s 883x886x398 mm | 4.69kg

The Elios 3 drone stands out for its cutting-edge technologies, prioritizing stability,
locational awareness, and flight safety. Its SLAM-based stabilization algorithm ensures
steady flight even in challenging conditions, while a rugged design and collision-resilient
flight controller enhance safety during missions. With a modular payload bay
accommodating LiDAR and auxiliary payloads, the Elios 3 provides exceptional versatility
and adaptability to evolving inspection requirements. Moreover, its advanced features such
as automatic monitoring of live video connection and Return-To-Signal functionality

ensure continuous data capture, setting a new standard for industrial inspection drones.

In contrast, the DJI Matrice 350 RTK drone emphasizes flexibility and remote-controlled
capabilities, making it suitable for routine testing of nuclear reactors and inspections of
hard-to-reach areas. While it offers high-resolution cameras and infrared sensors, its
limitations include battery life and susceptibility to electromagnetic interference in
complex environments. However, potential improvements such as longer-lasting batteries
and autonomous navigation technology could enhance its efficiency and effectiveness in

nuclear fusion reactor inspections.
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For large-scale search missions and radiation detection tasks, the radiation-detecting drone
emerges as a formidable option. Boasting unparalleled performance with a large area
detector and spectral distinction capabilities, this drone swiftly locates and localizes
radioactive sources, facilitating rapid response to reactor accidents and identification of
stolen materials. Its ease of operation, minimal setup time, and computer-assisted mission
planning ensure efficient deployment, making it an invaluable asset for emergency

response teams and inspection agencies.

Meanwhile, the DJI Matrice 200 V2 drone distinguishes itself with its impressive flight
time and payload capacity. While its sturdy structure allows for the simultaneous
utilization of multiple additional equipment, it may not be ideally suited for indoor
operations due to its size. Nevertheless, with adaptations, it proves valuable for outdoor
tasks such as remote maintenance and monitoring of temperature and radiation signatures
outside reactor cores. Each drone offers unique strengths and limitations, catering to

diverse industrial inspection needs and scenarios.

4.2.2 Quadruped robots

Table 38. Different type of quadruped robots.

Quadruped Capacity Dimension Weight
robot/Parameter (payload, speed)

Vision 60 Q-UGV 10kg, 3m/s - 51kg
Spot equipped with a 11-25kg, 2m/s 984mm(arm length) 37.9kg
maneuverable robotic arm

Unitree B2 40kg,6m/s 1098mmx450mmx*645mm | 60kg

Spot with Robotic Arm, developed by Boston Dynamics, boasts an advanced robotic arm
that enhances its inspection capabilities. With its maneuverable arm and integrated sensors,
Spot can perform detailed and thorough inspections of reactor components and
surrounding structures. Its ability to manipulate objects allows Spot to examine hard-to-
reach areas and perform intricate inspections with precision. Additionally, Spot's
adaptability to various tasks and environments makes it well-suited for comprehensive
inspections within nuclear facilities, ensuring thorough assessments of critical components

and systems.
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The Vision 60 Q-UGV is specifically tailored for traversing diverse terrains and
overcoming obstacles, making it ideal for inspection tasks in nuclear reactors. Equipped
with a blind mode and the ability to navigate challenging environments, the Q-UGV can
access areas that may be inaccessible to human inspectors or traditional inspection
equipment. Its versatility allows it to conduct inspections in confined spaces, along with
reactor walls, and other difficult-to-reach locations, providing valuable insights into the

condition of reactor components and infrastructure.

Unitree B2 stands out for its speed, agility, and advanced sensing capabilities, making it
well-suited for efficient and comprehensive inspections in nuclear settings. With its high-
speed locomotion and precise navigation, the B2 can quickly traverse the reactor
environment to conduct thorough inspections of critical components and systems.
Equipped with LIDAR, infrared cameras, and 3D mapping technology, the B2 offers
detailed and accurate data collection, enabling precise assessments of reactor integrity and

performance.

In summary, each of these robots brings unique strengths to inspection tasks in nuclear
reactors. Spot with Robotic Arm offers precision manipulation and adaptability, Vision 60
Q-UGV excels in obstacle traversal and access to confined spaces, while Unitree B2
provides rapid mobility and advanced sensing capabilities for comprehensive inspections.
Their integration into inspection workflows within nuclear facilities can enhance safety,

efficiency, and overall assessment of reactor conditions.
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4.3 Transportation
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When it comes to transportation task in DEMO, mobile platforms and palletizing robots
are considered as the major industrial products. Besides, some other products such as delta
robots apply in basics as well.

4.3.1 Mobile platforms

Table 39.Different type of mobile platform.

Mobile Maximum | Dimension Feature
platform/Parameter Capacity
Rail guided trolleys--- 1-1000tons | customizable high loading capacities due to the minimal
Morello friction between steel surfaces (1-10km/h)
Automated ground 90tons customizable remarkable payload capacity of up to 90
vehicles--- KUKA tonnes and precise positioning accuracy
omniMove
DTA Dolphin 300tons customizable navigate effortlessly in complex industrial
(up to 22 meters | environments, enable seamless
in length) omnidirectional movement

Morello’s Rail Guided Trolleys are characterized by their precision and cost efficiency.
Guided by rails, these trolleys ensure accurate movement along fixed paths, making them

ideal for applications where precise positioning is crucial. With customizable capacities
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ranging from 1 ton to 1000 tons and adjustable travel speeds, they offer versatility to suit
specific requirements. Equipped with steel wheels running on steel rails, these trolleys
minimize friction, resulting in lower operational costs compared to other powered trolleys.
This makes them a cost-effective solution for transporting heavy loads in industrial

environments.

The KUKA omniMove stands out for its unparalleled power and precision in handling
heavy loads. Featuring wheel technology, it offers seamless omnidirectional movement,
enabling precise translational and rotational motions in tight spaces. With a remarkable
payload capacity of up to 90 tones and precise positioning accuracy within £3 millimeters
without contact, the omniMove delivers exceptional performance in handling XXL
components. Its adaptability to manual or autonomous control, along with options for self-
contained energy supply and modular design, ensures flexibility to meet diverse industrial

requirements.

The DTA Dolphin AGV excels in heavy load transportation with its remarkable payload
capacity and versatility. With models available up to 22 meters in length and a maximum
payload capacity of 300 tons, the Dolphin AGV offers extensive customization options to
cater to various applications. Its integration of wheels allows for seamless omnidirectional
movement, enabling effortless navigation in complex industrial environments. This AGV
proves to be invaluable in logistical and manufacturing operations where heavy loads need

to be transported with precision and efficiency.
In summary, each transportation solution offers unique strengths, whether it's the precision
and cost efficiency of Morello’s Rail Guided Trolleys, the power and precision of the

KUKA omniMove, or the heavy load carrying capacity and versatility of the DTA Dolphin
AGV.

4.3.2 Palletizing robots

Table 40. Different type of palletizing robots.
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Palletizing robot/Parameter Maximum payload | Dimension Weight
Palletizing robots---KR 1000 titan F 1000kg 2000m*2000m 4700kg
Palletizing robots--- KR CYBERTECH | 8-20kg 430.5 mm x 370 mm | 250-260kg
Palletizing robots--- KR 700 PA 700kg - 2850kg

The KR 1000 titan, engineered by KUKA, is tailored for handling heavy loads with
precision and safety. Its unique open kinematic system and exceptional payload capacity
enable it to efficiently move heavy parts and components over significant distances, up to
6.5 meters. This robot excels in dynamic performance, allowing it to handle the heaviest
workpieces with speed and acceleration, thereby optimizing cycle times and enhancing
productivity. Additionally, its flexibility in application options, whether as a palletizer or
combined with linear axes, provides versatility in adapting to various production
requirements. Moreover, the KR 1000 titan seamlessly integrates into existing systems
without requiring foundation modifications, further enhancing its flexibility and ease of

implementation.

In contrast, the industrial robots belonging to the KR CYBERTECH family, also
developed by KUKA, offer a diverse range of models tailored to low payload applications.
Known for their exceptional power density, these robots deliver top performance while
maintaining space-saving cell concepts, making them highly versatile and adaptable to
various production environments. The compact design of the KR CYBERTECH series
enables greater integration density and reduced disruptive contours, offering flexibility in
selecting the right robot for specific applications. With exceptional speed and accuracy,
these robots ensure efficient operation without compromising precision. Furthermore, their
flexibility in installation, with options for floor-, wall-, or ceiling-mounting, provides

planning security and cost-efficiency in cell design.

Additionally, the KR 700 PA palletizer, designed by KUKA, is optimized for efficiently
handling heavier payloads in high-speed production environments. With an impressive
capacity of 700 kilograms and a remarkable rate of 17 work cycles per minute, this
palletizer excels in transporting entire layers effortlessly. Its speed and precision, coupled
with a maximum reach of 3,320 millimeters, ensure seamless adaptation to diverse

applications while maintaining accuracy and efficiency. The palletizer's robust construction,
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minimal maintenance requirements, and standard protection rating of IP 65 make it durable
and reliable in harsh industrial environments, further enhancing its suitability for

transportation tasks.

In summary, each of these robots offers unique strengths and capabilities in transportation
tasks within industrial settings. While the KR 1000 titan specializes in handling heavy
loads with precision and flexibility, the KR CYBERTECH family provides versatility and
adaptability to various production environments. Meanwhile, the KR 700 PA palletizer
excels in efficiently transporting heavier payloads with speed and reliability, making it an

ideal solution for high-speed production environments.

4.3.3 Other robots

Table 41. Different type of other robots.

Robot/Parameter Maximum Capacity | Weight
KR SCARA robots 6-12kg 20-51kg
Multi-purpose in-cell robot--- KMR QUANTEC | 90-120kg 1105kg
KR DELTA 3kg 95-105kg

Firstly, KR SCARA Robots demonstrated their flexibility and high efficiency. Through
simulations of assembly, material handling, and testing scenarios, they exhibited excellent
performance in light-duty tasks such as small parts assembly, material handling, and
testing. Additionally, the demo highlighted their compact design and integrated media

supply systems, as well as their applicability in various scenarios.

Secondly, KMR QUANTEC showcased its capability in machining extra-large
components. Demonstrating precise positioning and adaptability on the KUKA omniMove
platform, it displayed its flexibility and reliability in handling large components.
Furthermore, the demo demonstrated its customization options for robot positioning,
quantity, platform size, and payload capacity through standard commercial lead batteries

and converters.
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Lastly, KR DELTA Robots exhibited their high-speed and precise pick-and-place
capabilities. Through simulations of tasks in the fast-moving consumer goods sector such
as picking, packaging, and placing, they showcased their versatility in various production
environments. The demo also emphasized their compliance with strict hygiene and safety

standards, as well as their advantages in low operating costs.

Overall, in the demo, these three types of robots demonstrated their characteristics and
strengths in transportation, showcasing their potential in industrial automation and

productivity enhancement.

4.4 Cleaning

Considering the versatility and flexibility, cleaning tasks are prone to be mainly completed

by cleaning robots.

4.4.1 Cleaning robots

Table 42. Different type of cleaning robots.

Product/parameter Weight Dimension Cleaning time Cleaning
efficiency

Nexaro NR 1500 6.5kg 343 mm x 343 mm x | 3h 700m? /h

175 mm

DRC300Z - 500x500x204 mm 4h 0.3m/s

Braava Jet m6 2.2kg 252%270*90mm

Floorbot VR 35 Skg 1.5h 700m? /h

Kemaro K900 32kg 79cm*72cm*35cm Sh 1000m? /h

RA660 Navi XL 313kg(with 1010 x 850 x 3-4h (24/7 with 0.6m/s

water) 1185 mm docking station)

These six cleaning robots showcased unique functionalities and features in the DEMO. The
Nexaro NR 1500 boasts strong cleaning efficiency and durability, suitable for prolonged
cleaning tasks, and is equipped with advanced sensor technology to enhance navigation
capabilities. Meanwhile, the Makita LXT DRC3000PT utilizes smart navigation and
mapping functions, ideal for cleaning large industrial halls, with extended working hours.
Serving as a mopping robot, the Braava Jet m6 employs smart navigation technology for

mapping and environmental adaptation, providing convenience and ease of use. The
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Floorbot VR 35, in addition to mopping, also features environmental data monitoring but
with relatively shorter cleaning times. Designed for warehouse cleaning, the Kemaro K900
offers smart navigation and real-time mapping, suitable for hazardous environments. Lastly,
the RA660 Navi XL is tailored for critical environment cleaning, equipped with robust

obstacle detection and remote-control capabilities.

There are some limitations of applying these cleaning robots. Vacuum robots exhibit
strong monitoring capabilities but may struggle to clean the reactor thoroughly. Conversely,
mopping robots can achieve the required level of cleanliness but lack precise mapping and
monitoring sensors crucial for ensuring reactor safety. While more robust cleaning robots
may fulfill deep-cleaning or monitoring requirements, their larger size could present
operational challenges within the reactor, potentially causing damage due to their weight.
Additionally, these machines are not inherently designed to withstand the high
temperatures and radiation environments inside the working reactor, limiting their

operation to periods when the reactor is offline and without additional modifications.

4.5 Repairing

4.5.1 Quadruped robots

Quadruped robots (have shown in Table.38) have been identified as useful tools in remote
maintenance systems due to their advantages in maneuverability, strength, speed,
adjustable size, and operational possibilities. They can be easily customized by adding
necessary software and equipment, such as a robotic arm or mount, to perform various

functions like carrying weights, holding plates, or twisting bolts.

Spot with Robotic Arm from Boston Dynamics stands out for its ability to handle heavier
loads and perform precise manipulation tasks. With its maneuverable robotic arm featuring
six degrees of freedom, Spot can efficiently grasp, lift, and place objects with accuracy.
This capability is particularly beneficial for tasks requiring delicate and precise repairs
within the reactor core or surrounding structures. Spot's versatility and adaptability make it

well-suited for tasks like bolt manipulation and precise component positioning during
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maintenance operations. Its integration of sensors ensures safe and efficient operation,

enhancing its reliability in repair scenarios within nuclear settings.

The Vision 60 Q-UGV developed by GhostRobotics excels in overcoming diverse
obstacles and traversing challenging terrains, making it an asset for repair tasks in nuclear
reactors. Equipped with a blind mode and the ability to climb walls or stand on two legs,
the Q-UGV can access hard-to-reach areas within the reactor environment, facilitating
repairs in locations that may be inaccessible to human workers or traditional robotic
systems. Its resilience in unfavorable conditions ensures continued operation even in the
face of sensor degradation or failure, enhancing its reliability for repair tasks in nuclear

settings.

Unitree B2, the fastest industrial-grade quadruped robot from Unitree Robotics, offers
rapid mobility and advanced sensing capabilities, making it suitable for efficient repair
operations within nuclear reactors. With its impressive speed and agility, the B2 can
quickly navigate through the reactor environment to reach repair sites, minimizing
downtime and maximizing productivity. Equipped with LIDAR, infrared camera, and 3D
mapping technology, the B2 provides comprehensive situational awareness, enabling
precise and effective repairs. Its ability to navigate high obstacles with stability and
balance further enhances its suitability for repair tasks, ensuring efficient maintenance

operations within nuclear settings.

In summary, each of these robots brings unique strengths to repair tasks in nuclear
environments. Spot with Robotic Arm offers precision manipulation capabilities, Vision 60
Q-UGYV excels in obstacle traversal and access to hard-to-reach areas, while Unitree B2
provides rapid mobility and advanced sensing capabilities for efficient and effective repairs.
Their integration into repair workflows within nuclear reactors can enhance safety,

efficiency, and overall maintenance operations.

However, to operate successfully in the DEMO remote maintenance system, challenges
associated with the use of 4-legged robots need to be addressed. The literature review
reveals that all the discussed quadruped robots would encounter significant issues while

operating in DEMO. These robots have operating temperatures significantly below those in
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the DEMO reactor, and most are manufactured without consideration for radiation
exposure. Therefore, a robot operating in DEMO needs a suitable radiation handling

system or material.

Ultimately, the robot must be sized correctly to fit inside the reactor and perform advanced
repairs effectively. Finding the right balance between size and strength is crucial for
successful operation. Once these challenges are addressed, 4-legged robots can serve as a
crucial part of the DEMO remote maintenance system. They will enter DEMO through
equatorial ports, as it is challenging for walking robots to enter through upper ports due to
the lack of flying abilities. Their main task will be changing the first wall panels. Moreover,
to complete the repair process successfully, robots need high-quality cameras for computer

vision capabilities. They should be trained to recognize defects and flaws that require

fastening and stabilization. Considering all these advantages, quadruped robots

function sufficiently as a crucial part of the DEMO remote maintenance system.

There is a table listing all analyzed products’ known weight:

Table 43. Known weight products.

Product | Weight (0-10kg) | Weight (10-100kg) Weight (100- | Weight (1000-
1000kg) 5000kg)
Cleaning robots: | Manipulators: Float arm-long-reach Radiation Cranes:
Nexaro NR snake manipulator ---Hibot hardened Spider crane---
1500 Twin arm servo manipulator--- ABB | manipulator UNIC URW-1006
Braava Jet m6 YuMi IRB 14000 arms(M6000) | SANY STC900
Floorbot VR 35 | Radiation hardened manipulator Crane
arms(M3000)
Drones: Quadruped robots: Cleaning Multi-purpose in-
Caged drone Vision 60 Q-UGV robot: RA660 | cell robot--- KMR
Radiation Spot equipped with a maneuverable Navi XL QUANTEC
detection drone | robotic arm
--Arktis Unitree B2
DJI Matrice 350
RTK drone
Matrice 200 V2
Cleaning robot: Kemaro K900 Palletizing Scissor lifts:
robots--- KR | JLG AE1932
CYBERTECH Jovvo ZO6N
KR DELTA Whiting jacks
KR SCARA Palletizing robots:
KR 1000 titan F
KR 700 PA

will
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5 Discussion

This article introduces the DEMO fusion reactor from the outset, analyzing the required
tasks to ensure the success of the fusion experiment process. The daily tasks in DEMO are
categorized into five facets: lifting, inspection, transportation, cleaning, and repairing, with
each aspect's importance outlined. Following this, various cutting-edge industrial robots
and machines are meticulously introduced based on their structures and characteristics,
showcasing their potential applications in fusion reactors. Subsequently, CAD
measurements of DEMO are referenced to assess whether certain products can effectively
operate within the internal working field. Additionally, tables detailing the mass of
specialized components are provided. Similar products are compared by executing specific
tasks within DEMO, offering a deeper analysis of their assorted features and capacities.
Due to the complexity of the working environment, some commercially available products
exhibit limitations in completing tasks within DEMO. Therefore, both the advantages and
limitations of industrial products applied in fusion reactors are emphasized after comparing

multiple products.

The thesis compiles a diverse range of industrial products suitable for implementation in
DEMO, providing guidance on product selection and bolstering the development of fusion
reactor maintenance techniques. It offers a comprehensive understanding of contemporary
industrial robots and machines, offering valuable insights for practitioners and researchers
in the field. By providing an extensive overview of current industrial technologies, the
thesis equips industrial companies and research institutions with the necessary knowledge
to navigate the market and make informed decisions about technology adoption. It also
highlights the latest advancements in industrial robots and machines, shedding light on

emerging trends and innovative solutions.

Given the vast quantity of current industrial products, while many commercially available
products are fully discussed in this thesis, some products in the conceptual design phase
are not addressed. A more comprehensive analysis with a broader range of the latest

products could yield deeper insights into selection processes in the future.
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