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ABSTRACT

Pre-configured virtual reality (VR) simulations of the logistics and maintenance processes have proven to be
useful for identifying potential design issues as well as planning operations during an early design phase of fa-
cility. But VR simulations can also be used to deeply explore the feasibility of these procedures in a more
interactive manner, so that we can identify potential risks and difficulty levels from early stages and study
different maintenance strategies to assist the maintenance worker during these procedures. This article presents a
framework to design and validate logistics and maintenance procedures in complex facilities, such as the In-
ternational Fusion Materials Irradiation Facility DEMO Oriented Neutron Source (IFMIF-DONES). Our frame-
work begins with a preparatory phase where essential information about the procedures and Computer-Aided
Design (CAD) models is compiled into a comprehensive Virtualization Task Document (VTD). Differently from
previous work, this VID allows representation of parallel tasks. We implement the interactive version of the
virtual environment, where the different maintenance and logistics equipment, as well as a virtual maintenance
worker is controlled by the user (the person executing the interactive simulation). We have validated this
interactive framework with two simulations for the installation process of the Superconducting Radio Frequency
Linear accelerator (SRF Linac) modules in IFMIF-DONES. In one simulation (the automatic one), the procedures
are reproduced as they are planned, while in the second simulation (the interactive one) the user freely controls
the movements of the moving parts of the crane, grab and release plant equipment, move platforms, etc. Based on
our simulations, the interactive version allows easier detection of potential points of collisions as well as more
precise assessment of the difficulty of the tasks to be performed.

1. Introduction

definitive [2].
In IFMIF-DONES, the main logistics and maintenance operations

IFMIF-DONES is an experimental facility designed to study and
develop materials for future fusion reactors projects [1]. The facility is
classified as a radiological facility, differently from a nuclear facility.
This facility will include a high-energy neutron source to be used to
irradiate materials to assess their performance and degradation over
time. From an engineering point of view, IFMIF-DONES will be a com-
plex facility, including difficult installation procedures with heavy
(several-tons) pieces of plant equipment and periodic maintenance op-
erations of high complexity in a hazardous environment. Aiming to
optimize the rate of operation time and running costs, it is necessary to
carefully plan how and when these operations will take place. Particu-
larly, in the area of ‘Logistics and Maintenance’ of the project, the main
goal is to detect inconsistencies in the designs, before it is considered
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have been virtualized in the last years [3]. These simulations are based
on commercial game engines (such as Unity or Unreal Engine). Although
these tools were designed mainly for the development of video games,
they have demonstrated their value also for other fusion-related facil-
ities [4-6] thanks to their high flexibility and ability to produce realistic
outcomes during the initial design stages. For instance, in the context of
validating the installation and removal processes of sealing interfaces at
the Vacuum Vessel ports within the ITER (International Thermonuclear
Experimental Reactor) project [4], simulations are visualized utilizing
Head Mounted Displays (HMDs). The simulated tasks there predomi-
nantly involve manual, hands-on operations. An analogous situation
arises in the context of replacement operations for Test Blanket Modules
within the framework of Air-Fed suits [5]. This circumstance
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underscores the significance of investigating operator ergonomics, the
effective management of hoses, and a comprehensive examination of the
operator’s field of view throughout the operational process.

In this regard, it is noteworthy that the preceding body of literature
exhibits well-established procedures. However, it is essential to recog-
nize that within the context of logistics and maintenance operations
associated with IFMIF-DONES, there exists a degree of variability
contingent upon factors such as modifications in building or plant
equipment designs, among others.

Previous simulations of logistics and maintenance operations in
IFMIF-DONES were based on a well-defined sequence of steps oriented
to reproduce the previously established procedures [2]. This static
approach, although useful to carefully explore the plant and possible
maintenance / plant equipment inconsistencies, demonstrated to be
limited during the early stages of maintenance procedure design as it
required a considerable amount of development time from specialized
personnel to arrive at a preliminary procedure into a simulation. Simi-
larly, every modification of a pre-established procedure required addi-
tional development time.

Aiming to overcome these limitations, in this article we propose a
tool of interactive simulations for analysis of logistic and maintenance
operations in IFMIF-DONES. By allowing the designer of logistic pro-
cedures and maintenance tasks to freely operate the different pieces of
maintenance equipment, these simulations enable obtaining a fast
general insight of the best way to perform such tasks, exploring different
alternatives and providing agile feedback.

Within this paper, we delineate the transformation of our static
simulations into interactive simulations in Section 2, explaining the
workflow of how to create them. Moreover, in Section 3 of this article it
is described the proposed methodology to create the interactive simu-
lation of the installation of the SRF Linac Module 5, a relevant part of the
accelerator system in IFMIF-DONES. In Section 4, we unveil the results
we have garnered while assessing the utility of this tool. Section 5 then
hosts an in-depth discussion regarding these outcomes. Finally, in Sec-
tion 6, we present some conclusions while also outlining avenues for
future research.

2. Simulation of logistics and maintenance operations in IFMIF-
DONES

This section explains how the procedure to obtain virtual reality
simulations has been modified to also consider interactive simulations in
which the designer is allowed to operate the plant equipment.

2.1. Transforming logistics and maintenance descriptions into a
virtualization task document (VTD)

The comprehensive delineation of logistics and maintenance steps
stands as a pivotal milestone for confirming the viability of the pro-
cedures. The process of creation of the simulations starts with the
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gathering of information about procedures and CAD models implied
(Fig. 1). This information is transferred into a tool to facilitate interac-
tion between teams, the Virtualization Task Document (VTD). This tool
was defined in a previous paper [2], but for the goals of this work, the
tool has undergone substantial changes due to the nature of the inter-
active simulations.

While our previous study considered a pre-defined sequence of steps
for every task and sub-task, for interactive simulations the suggested
sequence of these steps is inherently flexible, allowing their execution in
any order.

In addition to this, and aiming to allow parallel operation of multiple
pieces of maintenance and logistics equipment, we now separate the
operations performed and related to different simulated elements into
different Microsoft Excel sheet tabs. In each tab, we follow the same
structure defined in our previous paper about the level of detail of each
step (Fig. 2).

Aiming to ensure the coherence of the operation between multiple
pieces of maintenance and logistics equipment we also introduce a
flowchart where we define the dependencies between the operations
performed (Fig. 3). In this tab, every column represents the operations
performed with a logistics or maintenance equipment, while the arrows
indicate that, the task at the origin of the arrow must be finished before
starting the post-arrow task. For the sake of clarity, only level 2 tasks
have been represented in this workflow, assuming that there is no
dependence between level-3 tasks included in different level-2 tasks.

As an example, the VTD for the installation of the SRF Linac Module
5 is provided as Supplementary Material (SM1).

2.2. Selection of software

Since there are different software environments to develop the sim-
ulations, we first performed a comparison between the features, the
advantages and the drawbacks of every alternative. We analyzed
VR4Robot, Mevea, Unreal Engine and Unity.

VR4Robots is a real-time visualization and simulation tool that
provides facilities to display and interact with 3-dimensional computer-
generated models of robotic devices and other components in a virtual
world [7]. This tool was originally developed for the interactive visu-
alization of the remote handling operations in JET (Joint European
Torus) and it supports the main phases in remote handling: equipment
and plant design, task development and remote handling task execution.

Mevea is a simulation software that mainly focuses on supporting the
implementation of digital twins of heavy machinery. It can be used to
optimize performance, reduce downtime and improve safety [8]. Mevea
is also compatible with Unity and Unreal Engine for visualization and for
the creation of virtual sensors in the simulated environment.

Unreal Engine is a popular game engine that is known for its
advanced graphics capabilities. Its main use is to create high-end games
with realistic graphics and physics [9]. It has a large community of
developers and users, which makes it easy to find help and resources.

Existing information (procedure and CAD models) -

Virtualization Task Document (VTD)

Creation of simplified 3D models ﬂ
Simulation Executable

Fig. 1. General workflow to obtain VR simulations in IFMIF-DONES.



A. Benito-Fuentes et al.

Fusion Engineering and Design 202 (2024) 114315

Virtual Tasks OMP
Level 3 Level 2 Level 1 Level 0 Name - Est. Dur. Equipment ID Version State EI-ID C-ID
0 0 0 0 Initial Conditions 0G #EI00O
1 0 0 0 Installation of SRF LINAC module 5 0G
A 1 0 0 Move OMP to enter room R104 0G
A 1 1 0 Move OMP through door A 0G #EI001
A 1 1 1 OMP goes to Room R104 0G
A 2 0 0 Move OMP to enter room R105 from room R104 0G
A 2 2 0 Move OMP through door B
A 2 2 1 (OMP goes to Room R105 0G
A 3 0 0 Move OMP to enter Accelerator Vault 0G
A ] 1 0 Move OMP through door C 0G
A 3 1 1 OMP goes to Accelerator Vault
A 4 0 0 Position OMP to installation position 0G
A 4 1 0 Rotate OMP 0G
A 4 1 1 Rotate 90 degrees
A 4 1 0 Move OMP next to installation position 0G
A 4 1 1 (OMP goes to installation position
A 5 0 0 Position OMP to exit Accelerator Vault 0G
A 5 1 0 Move OMP next to door C 0G
A E) 1 1 OMP goes to door C entrance
A S 2 0 Rotate OMP 0G
A 5 2 1 Rotate 90 degrees
A 6 0 0 Move OMP to exit Accelerator Vault 06
A 6 1 0 Move OMP through door C 0G
A 6 1 1 OMP goes to R105
A 7 0 0 Move OMP to exit room R105 0G
A 7 2 0 Move OMP through door B
A 7 2 1 OMP goes to Room R104 0G
A 8 0 0 Move OMP to exit room R104 0G
A 8 1 0 Move OMP through door A 0G #EI001
A 8 1 1 OMP goes to Shipping bay 0G

Fig. 2. Example of virtual task description of the Omnidirectional Mobile Platform (OMP) in the VTD. Different colours represent different levels of abstraction in the
task hierarchy. The blue rows correspond to level-2 tasks (the most general tasks), the yellow ones correspond to level-1 tasks and the white ones correspond to level-
0 tasks. The most detailed steps are level-0 tasks. In orange is the general task name represented here, level-3 tasks.

Unity is a cross-platform game engine that is known for its ease of use
and flexibility. It is possible to develop games in 2D or 3D, as well as
other interactive experiences [2]. Like Unreal Engine, Unity also has an
active community of developers, making it easy to find information.

There are several reasons for selecting Unity over other software
options. Firstly, while all of the software options mentioned are paid,
Unity and Unreal Engine offer free plans that allow developers to use the
tool with the only restriction to pay a percentage of the revenues when
your application reaches the royalty threshold. However, since these
applications are intended to be used for a restricted community (order of
hundreds of users), these royalties are not applied.

Secondly, the compatibility with widely-used CAD design tools.
Unity counts with the PiXYZ plugin, which enables reduction and
optimization of mesh models. It allows the developers to import models
with different formats that are not natively compatible with Unity, re-
mesh models, and simplify them, among other features.

Another feature that could be useful for the project is the possibility
to export the simulation into different platforms. With Unity or Unreal
we could easily create PC-based simulations for Windows, Mac or Linux,
modify it to be compatible with Head Mounted Displays (HMD) or create
a server application that runs the simulation.

Finally, the decision was made to use Unity as our software tool
rather than other options. However, the chosen platform may change
over time, when new platforms might be released or because of different
requirements for the simulations. For example, while Unity has its own
physics system, Mevea could be used in the future for a more complex
simulation, because Mevea is the one that cares about physics and input
controls of the simulation. In any case, the design principles presented in
this article could be extrapolated to simulations made with different
tools.

2.3. Formats and performance in the simulation

We typically receive the designs in one of the common CAD file
formats for mechatronic designs (STEP and CATIA files mainly). These
file formats are not directly compatible with Unity Engine, which only
accepts with fbx, dae, 3ds, dxf and obj files. However, by using the PiXYZ
plugin we can also import the STEP and CATIA files.

It is important to note that the simulation runs smoothly on the
computer. In general, we try to achieve at least 60 Frames Per Second
(FPS) for the simulations. To do that, we simplify the 3D models we

received. For example, originally, the SRF Linac Module 5 3D model had
3.372.528 triangles and we managed to reduce it to 2.641.218 triangles,
21 % of reduction. Finally, the whole simulation has 26 million tri-
angles, but there are some parts of the models which are not rendered
during all the simulation time, since we are using occlusion culling.
Occlusion culling is a feature that disables rendering of objects when
they are not currently seen by the camera because they are occluded by
other objects. Our performance study was done in two different com-
puters considering renderization 4 cameras at the same time, obtaining
the following results:

e MSI Creator 15 laptop with Nvidia GeForce RTX 2080 Super Max-Q
Design GPU, Intel(R) Core(TM) i7-10875H CPU 2.30 GHz and 64 GB
of RAM. It runs consistently above 88 FPS.

e Desktop Computer with Nvidia GeForce RTX 3090 GPU, Intel(R)
Core(TM) i19-10980XE CPU 3.00 GHz and 128 GB of RAM. It runs
consistently above 270 FPS.

Both computers include a dedicated graphic card, which is an
important piece of hardware for running applications with intensive
graphic processing, like this simulation.

2.4. Creation of the interactive simulation executable

In this paper, we are introducing interactive control of the logistics
and maintenance equipment that will help us to validate some of the
logistics and maintenance procedures. By implementing this new
feature, the users (as procedure designers) have the opportunity to test
alternative procedures.

Differently to the implementation done in [2] where all the move-
ments were pre-configured before starting the simulation, in this case
some of the movements can be defined to perform automatically (with
pre-configured trajectories) while other operations must be manually
driven by the user. In order to enable manual control of a particular
piece of logistics or maintenance equipment, we first need to define
which are the degrees-of-freedom (DoF) to be controlled and then
associate a DoF of the peripherals to be used for that purpose. Thus,
different kinds of human-machine interfaces can be tested for every
system, evaluating in this way which one fits better for the particular-
ities of the movements to be performed.

So far, we have implemented the interactive simulations to be



A. Benito-Fuentes et al.

AOMP B MAINTENANCE WORKER CBCMM 1

B.1.0.0. Open access door

Aand door B
A.1.0.0 Move OMP to room
R104
A.2.0.0 Move OMP to enter
room R105 from room R104
B.2.0.0. Close access door
Aand door B

B.3.0.0. Open access to
Accelerator Vault

-

A.3.0.0 Move OMP to
Accelerator Vault

\

B.4.0.0. Close access to
Accelerator Vault

R

A.4.0.0. Position OMP to
installation position

e =

C.1.0.0 Vessel installation

R

B.5.0.0. Maintenance
worker inspection

!

B.6.0.0. Open access to
R105 from Accelerator
Vault

e

A.5.0.0 Position OMP to exit
Accelerator Vault

}

A.6.0.0 Move OMP to exit
Accelerator Vault

\

B.7.0.0. Close access to
Accelerator Vault from
R105

B.8.0.0. Open access door
B and door A

I

A.7.0.0 Move OMP to exit
room R105

A.8.0.0 Move OMP to exit

room R104

B.9.0.0. Close access door
B and door A

|

COLD MASS APPEARS AT THE SHIPPING BAY (PROCEDURE TBD)

The procedure remains the same for the installation of the cold mass except that task C.1.0.0.

Vessel Installation will be task C.2.0.0. Cold Mass Installation

Fig. 3. Flowchart representing the dependencies between level-2 operations for
the installation of SRF Linac Module 5. A corresponds to OMP tasks, B to
maintenance worker’s tasks and C to a crane called Bridge Crane Manual
Maintenance 1.

controlled with keyboard and mouse, due to the high availability of
these devices. The keyboard has the advantage of providing as many
keys as required to assign one pair for each DoF of the logistics/main-
tenance equipment. However, other hardware devices can be integrated
to operate that equipment included in the simulations, like, e.g. joysticks
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or haptic devices. In any case, the implementation needs to assign
different device buttons or DoFs to particular operations or DoFs of the
logistics/maintenance equipment under control. To control the inter-
active simulation, we created a new pop-up window that allows the user
to select which element wants to operate (Fig. 4). In this use case, the
user can select the OMP, the Bridge Crane Manual Maintenance 1
(BCMM 1) or the virtual maintenance worker So far, the user is only
allowed to move one of those elements at the same time. However, the
implementation is already thought to allow multi-user interaction,
where several users will operate different elements simultaneously.
This new implementation allows the designers to explore different
movements for each DoF in order to reduce collision risks or to minimize
the travel distance or the time required to perform the procedures, and
more importantly, to check the feasibility of the execution of the task.

3. Use case: installation process of SRF Linac modules

In order to validate the capability of the developed workflow to
produce useful information for the procedure designers the workflow
has been applied to the installation of the SRF Linac modules of the
accelerator system in IFMIF-DONES. The SRF Linac aims to accelerate
the 125 mA CW (Continuous Wave) deuterons beam from 5 MeV to 40
MeV. These components are housed in cryomodules. To minimize the
beam losses as well as to meet the ‘hands-on maintenance’ machine
requirements, all the components of the linear accelerator, as well as the
distances between adjacent components, are made as short as possible.
This led to a very compact design of the accelerator and to a more
complex installation process [10].

The interactive simulation of the installation of the SRF Linac Mod-
ule 5 has been designed with diverse objectives. Firstly, to validate the
consistency of the 3D model designs of the building and plant equipment
(e.g. to check if the procedures could be accomplished with the up-to-
date models and provide feedback about the procedure or the de-
signs). By using this simulation, we aimed to check if the fifth cry-
omodule fits correctly in the accelerator vault as well as if it can be safely
transported through the doors from the shipping bay to the accelerator
vault. It means checking any possible collision with walls or other ele-
ments in the plant, and to be aware of any dangerous zone or stage
during the procedure.

Secondly, this simulation was thought to provide a raw estimation of
the time required for the maintenance workers to complete the instal-
lation procedure. Other variables that can be measured can also be
useful, such as the distance between the elements moving on the plant
and the wall.

The interactive simulation tool is used for the analysis of the first
installation of a SRF Linac module as well as the replacement of it in case
of a failure (assuming the old component has been removed before), so it
can be used for logistics analysis and for maintenance analysis.

During the development of the simulations, some details of the
procedure were to be decided. For example, in the installation of the
fifth cryomodule, the designers were evaluating two alternatives:
installation of the module completely assembled or installation of the
module in two parts, first the vessel and then the cold mass. This
interactive simulation tool allows us to provide feedback about the is-
sues for these two alternative procedures without requiring specific

| MANUAL CONTROLLER
O OMP CONTROLLER OFF

O BCMM 1 CONTROLLER OFF

O VIRTUAL MAINTENANCE WORKER OFF

Fig. 4. Manual controller window for selection of the logistics and mainte-
nance equipment to operate or to activate the virtual maintenance worker.
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development to reproduce each alternative.

4. Results, Simulation and outcomes

The interactive simulations of the installation of the SRF Linac
Module 5 in IFMIF-DONES are provided, together with this article in
Supplementary Materials (SM2 and SM3). These simulations provided
better understanding of the operations required for this installation.

Our simulations also allowed us to extract a list of recommendations
for the building, plant equipment, maintenance equipment and logistics
equipment designs concerning some problems that might arise during
the transport and installation procedures. Already during the initial
analysis of the models, we found that some collisions might happen with
the walls (Fig. 5), depending on the final designs of the cold-mass
auxiliary supporting structure and the OMP described in [11].

It has to be mentioned that, for this simulation, we modelled a mock-
up version of the pallet of the OMP and the cold-mass auxiliary sup-
porting structure (Fig. 6) as there is no final design of these devices yet.
However, this simulation already evidences some issues that will have to
be considered to avoid possible collisions with the doors or walls.

Throughout the course of procedure evaluation with the interactive
simulation, it became evident that spatial orientation within the oper-
ation rooms was challenging as the user could feel temporally lost. In
response to this issue, a solution was implemented by adding floor-based
indicators which were strategically placed to provide explicit guidance
delineating the recommended pathway for users, thus mitigating the
confusion. (Figs. 7 and 8).

The utilization of interactive simulations enabled us the capability to
readily assess diverse trajectories and decision-making scenarios. In
contrast to our prior methodology, where modifying a procedure
required the creation of a pre-defined simulation along with an
executable incorporating updated information or routing, this simula-
tion framework provides an enhanced degree of flexibility in this regard.

In this sense, this simulation has revealed that, when transported a
single unit, cold mass and vacuum vessel at the same time, there are
movements that can result in significant vibrations and, consequently, a
risk of ceramic element breakage. When transporting the cold mass with
auxiliary supporting structures, damping elements are incorporated to
safeguard the fragile ceramic components, adding more length to the
set.

One of the main goals of the simulation was to decide if the assem-
bled module will be transported in two parts or already integrated into a
single larger piece.

5. Discussion

During the design phase of a complex installation, such as IFMIF-
DONES, multiple CAD tools provide different features in order to
obtain a consistent final design of the plant and the operations.
Mechatronics CAD tools (such as 3dS Catia ®) allow precise design of the

Fig. 5. First analysis of collisions with an old model of the OMP and with the
whole module 5 assembled. Small pieces (indicated with a circle) at the top of
module 5 could collide with the bottom part of the doorway (indicated with a
discontinuous line).
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Fig. 6. Mock-up of cold-mass auxiliary supporting structure of the SRF Linac
Module 5.

pieces of logistics/maintenance equipment, plant-design tools (such as
Autodesk AutoCAD ®) facilitate the representation of the building and
system integration tools (such as Autodesk Navisworks ®) enable to
validate the coherence of the designs of all these pieces together.
However, all these tools provide a static view of the systems involved,
meaning that the user could not interact with the systems represented.
On the other hand, virtual reality simulations allow the designers to
obtain an immersive representation of the interaction between all these
pieces. In this framework, the interactive virtual reality simulations
enable live representations of installation and replacement of plant
equipment even in an early stage of the design of the facility.

In a broader context, this interactive virtual reality tool holds the
potential for diverse applications, including, but not limited to:

1. Visualization of 3D models. Our tool provides a detailed version of all
the components together, helping in this way to validate these
models.

2. Validation of maintenance procedures. Through simulations, a
comprehensive understanding of maintenance procedures can be
obtained, allowing for the identification of potential issues such as
collisions and other operational challenges.

3. Analysis and optimization of the logistics and maintenance proced-
ures. Our tool offers the opportunity to test different alternatives for
performing a particular task, facilitating in this way the optimization
of the procedure in aspects such as duration or risk in each task.

4. Remote handling operators training: These simulations serve as
valuable training tools for potential remote handling operators or
maintenance workers, even at a very early stage, enabling them to
acquire necessary skills and proficiency prior to engaging in tasks
within the actual facility. This represents one of the notable strengths
inherent in simulations of this nature, wherein operations involving
machinery are seamlessly integrated with virtual maintenance
workers.

6. Conclusions and future work

This study represents a substantial upgrade from our earlier devel-
opment efforts. Now, the user assumes a more proactive role within the
simulation, thereby wielding increased agency to effect modifications to
both the simulation itself and its maintenance and logistics procedures.
This represents a first step towards the implementation of a more
adaptable and versatile simulation framework.

The forthcoming stages in the development of interactive simula-
tions encompass the integration of novel visualization and control in-
terfaces, including, but not limited, to Head Mounted Displays (HMDs),
haptic devices, various types of joysticks, and control panels, among
others.

The present study endeavors to employ this kind of tools for the
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box). At the top, the original blueprint and, at the bottom, a schematic view of the trajectory to be followed by the module 5.

purpose of conducting training and evaluation of remote handling op-
erators and maintenance workers within the facility. To this end, we aim
to devise a comprehensive assessment framework tailored specifically to
the operators, wherein various critical factors, including time consid-
erations, risk assessment or other performance metrics will be evaluated.

In addition to this, other features are planned to be included into our
simulation framework. This is the case of the collision detection system,
able to provide a comprehensive report detailing the precise locations of
collision occurrences throughout an interactive simulation process. This
feature will significantly enhance our capacity for evaluating user per-
formance and assessing potential operational challenges.

In next stages, we will also develop the capability of incorporation of
a multi-user system characterized by distinct roles and responsibilities
assigned to individual users, enabling them to emulate real-world work
scenarios. Each user will be stationed at a separate workstation,

Fig. 8. Suggested guidelines at the floor for better orientation of the users.
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assuming control over specific logistics/maintenance equipment,
requiring inter-user communication and collaboration to achieve the
collective task objectives. This setting may serve as a platform for the
development of a collaborative simulation-based training system,
wherein a hazardous scenario unfolds, and each participant assumes
restricted roles and possesses, thereby requiring interdependent coop-
eration amongst participants [12].

CRediT authorship contribution statement

Andrea Benito-Fuentes: Conceptualization, Investigation, Soft-
ware, Supervision, Validation, Visualization, Writing — original draft,
Writing — review & editing. Fernando Arranz: Conceptualization,
Methodology, Supervision, Validation, Writing — review & editing.
Eduardo Ros: Conceptualization, Funding acquisition, Supervision,
Writing — review & editing. Jestis A. Garrido: Conceptualization,
Funding acquisition, Supervision, Validation, Writing - review &
editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

No data was used for the research described in the article.

Acknowledgments

This work has been carried out within the framework of the EURO-
fusion Consortium, funded by the European Union via the Euratom
Research and Training Programme (Grant Agreement No 101052200
EUROfusion). Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European
Union or the European Commission. Neither the European Union nor the
European Commission can be held responsible for them. This study has
been partially financed by the Regional Government of Andalusia
through the project TAN19 UGR IFMIF-DONES and European Regional

Fusion Engineering and Design 202 (2024) 114315

Development Fund (ERDF) “A way to make Europe” / “Andalusia moves
with Europe”. Funded partially by INTARE grant (TED2021-131466B-
100), funded through MCIN/AEI /10.13039/501100011033 and the
European Union NextGenerationEU/ PRTR.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.fusengdes.2024.114315.

References

[1] A.J.H. Donné, The European roadmap towards fusion electricity, Philos. Trans. R.
Soc. A 377 (2141) (2019) 20170432.

[2] M. Rouret, K.L. Varga, A.B. Fuentes, F. Arranz, E. Ros, J.A. Garrido, An efficient
workflow for virtual reality simulation of maintenance tasks in IFMIF-DONES,
Prog. Nucl. Energy 160 (2023) 104681.

[3] F. Arranz, T. Lehmann, F. Rauscher, G. Fischer, S. Koehler, J. Garrido, D. Sanchez-
Herranz, Logistics and maintenance research activities for DONES facility, Fusion
Eng. Des. 192 (2023) 113630.

[4] C. Di Paolo, S. Gazzotti, S. Griffiths, T.P. de Hugues, J.P. Martins, Y. Le Tonqueze,
C. Kharoua, Early design validation on the Vacuum Vessel ports sealing interface
installation and removal with Virtual Reality in ITER TBM port cells, Fusion Eng.
Des. 193 (2023) 113670.

[5] S. Gazzotti, V. Weistroffer, K. Huc, C. Mégard, C. Di Paolo, P. Viudes, J.P. Martins,
Verification and validation by eXtended reality simulations of test blanket modules
replacement operations in Air-Fed suits, Fusion Eng. Des. 187 (2023) 113383.

[6] S. Gazzotti, F. Ferlay, L. Meunier, P. Viudes, K. Huc, A. Derkazarian, J.P. Martins,
Virtual and augmented reality use cases for fusion design engineering, Fusion Eng.
Des. 172 (2021) 112780.

[7]1 A. Williams, S. Sanders, G. Weder, R. Bastow, P. Allan, S. Hazel, J.E. Contributors,
Evolving the JET virtual reality system for delivering the JET EP2 shutdown
remote handling tasks, Fusion Eng. Des. 86 (9-11) (2011) 1898-1902.

[8] M. Zare, A. Visa, V. Parssinen, H. Jafarian, H. Oksman, L. Aha, Real-time
manufacturing drilling operations analysis by utilization of data-fusion, in: 2020
IEEE 23rd international conference on information fusion (FUSION), IEEE, 2020,
pp. 1-6.

[9] H. Lennholm, E.F. Anderson, Playing with the sun: a virtual physics experience for
nuclear fusion experimentation and learning, in: 2021 IEEE conference on games
(CoG), IEEE, 2021, pp. 01-04.

[10] W. Krdlas, A. Ibarra, F. Arbeiter, F. Arranz, D. Bernardi, M. Cappelli, A. Zsakai, The
IFMIF-DONES fusion oriented neutron source: evolution of the design, Nucl. Fusion
61 (12) (2021) 125002.

[11] T. Lehmann, F. Rauscher, J. Oellerich, G. Fischer, J. Zapata, Modular
transportation concept for application in DEMO oriented neutron source (DONES),
Fusion Eng. Des. 164 (2021) 112119.

[12] P.K. Kwok, B.K. Chan, H.Y. Lau, A virtual collaborative simulation-based training
system, in: Proceedings of the 10th international conference on computer modeling
and simulation, 2018, pp. 258-264.


https://doi.org/10.1016/j.fusengdes.2024.114315
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0001
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0001
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0002
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0002
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0002
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0003
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0003
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0003
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0004
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0004
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0004
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0004
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0005
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0005
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0005
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0006
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0006
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0006
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0007
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0007
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0007
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0008
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0008
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0008
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0008
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0009
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0009
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0009
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0010
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0010
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0010
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0011
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0011
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0011
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0012
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0012
http://refhub.elsevier.com/S0920-3796(24)00168-6/sbref0012

	Interactive simulations as a tool for logistics and maintenance of IFMIF-DONES
	1 Introduction
	2 Simulation of logistics and maintenance operations in IFMIF-DONES
	2.1 Transforming logistics and maintenance descriptions into a virtualization task document (VTD)
	2.2 Selection of software
	2.3 Formats and performance in the simulation
	2.4 Creation of the interactive simulation executable

	3 Use case: installation process of SRF Linac modules
	4 Results, Simulation and outcomes
	5 Discussion
	6 Conclusions and future work
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Supplementary materials
	References


