https://doi.org/10.3311/PPme.44832 | 1
Creative Commons Attribution ®

Periodica Polytechnica Mechanical Engineering

URDF Based Generalized 3D Printer Simulation in MaxWhere

Environment

Botond Horvath™, Andras J6zsef Czmerk®

' Department of Mechatronics, Optics and Mechanical Engineering Informatics, Faculty of Mechanical Engineering,
Budapest University of Technology and Economics, Megyetem rkp. 3., H-1111 Budapest, Hungary

* Corresponding author, e-mail: horvath.botond@mogi.bme.hu

Received: 04 June 2026, Accepted: 14 August 2026, Published online: 07 October 2026

Abstract

With the advancement of technology, cyber-physical systems are increasingly gaining ground. Today, virtual reality is appearing in

numerous areas - not only in industrial applications or popular video games but also in education, facilitating a deeper understanding

of various processes. The topic of this paper is the implementation of a generalized 3D printer simulation using the 3D virtual software

MaxWhere. This simulation can demonstrate the operation of any Cartesian printer by providing its 3D models and URDF description,

thereby offering an easily accessible and manageable demonstration tool to support education. For the sake of user-friendliness, an

Al-based URDF generation application is also presented.
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1 Introduction

Visualizing a general 3D printer in space based on a URDF
(Unified Robot Description Format) model has proven to
be a feasible and effective way to make additive-manufac-
turing concepts tangible for students.

In the case of Cartesian printers, printing occurs via linear
movements along the three axes (X, Y, Z); thus the individual
elements - which practically represent each axis - are con-
nected to one another by translational joints, see Fig. 1. [1]

The objective of this work was to create a visually
engaging and realistic simulation that can be customized
to any Cartesian 3D printer model and can be installed in
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Fig. 1 The structure of a Cartesian 3D printer

an arbitrary virtual environment, providing a wide range
of applications and enhancing the user experience, thus
making it easier to understand.

This paper presents first a URDF-driven, generalized
Cartesian 3D printer component for the MaxWhere virtual
space [2] that can represent an arbitrary printer's geome-
try and kinematics instead of a single hard-coded model.
Secondly, an Al-assisted web application is described
that generates a compliant URDF description for a given
printer from a natural-language prompt, removing the
need for manual URDF authoring. Third, the reliability of
the Al-generated URDF files were evaluated across three
common Cartesian kinematic layouts and were reported
where the generation succeeds.

2 Scientific background

2.1 Simulations in manufacturing

Virtual simulations play a particularly important role in engi-
neering and industrial applications, especially in mechani-
cal engineering. Modeling the behavior of machines, equip-
ment, components, and final products makes it possible
to detect design errors early, thereby saving considerable
time, energy, and money [3, 4]. Mourtzis et al. [5] review
these developments across the manufacturing life cycle and
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highlight persistent gaps in simulation interoperability and
industrial adoption, while Zhang et al. [6] focus specifically
on how simulation supports intelligent, data-driven manu-
facturing, and Garwood et al. [7] and Afazov [8] examine
simulation tools for energy efficiency and process-chain
modeling, respectively.

FEM (Finite Element Method) software, which is
also popular in university education, can be used to per-
form structural simulation. Simulations dealing with the
design, testing, analysis, and optimization of industrial
processes and the creation of industrial environments
also serve a valuable purpose, as they allow a new sys-
tem to be tested before live deployment, such as Plant
Simulation [9] or Process Simulate [10].

2.2 3D printer simulations

It is also advisable to first test manufacturing processes
using simulation software, thus avoiding the production of
possible rejects or damage to the equipment. However, for
additive manufacturing, no such deep demonstration
option is available.

CNCSimulator, which according to its website was the
first 3D printer simulation in the world [11], offers a quite
basic solution to the problem. In this software, the user
interacts with a realistic printer, can input custom G-code
for printing, start and stop the simulation via a control
panel, and adjust the printing speed. While the simulation
is running, the interface displays the currently executed
line of G-code. However, the visualization of the print pro-
cess is quite basic, and the printer model components are
schematic and simplified, and only the default machine
can be used for printing. Nevertheless, it is effective for
demonstrating the printing process and executing G-code,
although a more visually engaging and realistic model
could potentially enhance its utility.

2.3 Cartesian 3D printers

The primary advantage of the Cartesian printers lies in
the simplicity of their mechanism, which accounts for
their outstanding popularity and low cost; indeed, the
majority of 3D printers operate within a Cartesian coor-
dinate system, where every point of the model is associ-
ated with three values thatdetermine its specific position
in space [12, 13]. Although the presence of multiple axes
and motors increases the potential for inaccuracies, these
systems are easily calibrated, allowing significant errors
to be eliminated [14]. Since the Cartesian mechanism is
the most widespread and mechanically transparent, and

therefore the most representative case, we focus on it in
greater detail throughout this paper.

2.4 3D printer simulation in MaxWhere

At the beginning of this development, we created a virtual
simulation of the Craftbot Plus Pro 3D printer (Fig. 2) that
can help students to understand the basic principles of the
most widespread additive technique, Material Extrusion,
focused on the Fused Filament Fabrication (FFF) pro-
cess because of its accessibility and relevance in educa-
tional contexts [15]. A printed product can be built up step
by step based on the arbitrarily chosen G-code while the
machine moves accordingly.

The printer simulation proved to be sufficiently realis-
tic, allowing users to closely observe the processes through
free movement within the 3D space, thus enhancing the soft-
ware's educational value as a visualization tool. By increas-
ing the simulation speed, the printing process is completed
more quickly, thereby minimizing the wait time for the final
result. A comparison between the objects produced by the
physical and virtual printers reveals that they are nearly iden-
tical, demonstrating that the model effectively replicates real-
world printing quality in the virtual space.

This project can be the initial state of a generalized vir-
tual Cartesian 3D printer which can simulate the behavior of
an arbitrary machine according to the users' needs.

3 Materials and methods

3.1 MaxWhere environment

MaxWhere is a software [2] platform that provides interac-
tive 3D virtual environments to enhance how people work,

Fig. 2 The simulation of Craftbot Plus Pro in MaxWhere



learn, and collaborate. It is designed to simulate real-world
spaces in a digital format, making information processing
more intuitive and engaging. MaxWhere bridges the gener-
ational gap between educators and students by providing a
familiar and proven environment for teachers while immers-
ing students in a stimulating 3D space. Csap6 et al. [16] relate
this multidimensional layout to classical memory-palace
techniques, showing that a persistent 3D spatial organization
helps users form and recall complex conceptual relation-
ships, while Ujbanyi et al. [17] report similar cognitive-load
benefits in transparent MaxWhere working environments
allowing faster information processing and a deeper under-
standing of complex connections. Berki [18] further quanti-
fies this benefit, measuring a significantly higher subjective
sense of presence. Specifically optimized for education and
industrial demonstration applications, MaxWhere allows
multiple users to simultaneously enter the same 3D space
and work in real time [19, 20], which sets it apart from com-
petitors like Unity Engine [21] or Unreal Engine [22].

MaxWhere spaces are powered by the MaxWhere
framework, which runs on top of the MaxWhere Engine,
which combines 3D graphics with web-based content.
High-level programming in MaxWhere spaces is done by
a JavaScript API (Node.js) [23].

The Where Object Model (WOM) is a tree-structured
representation of a three-dimensional space and all its ele-
ments. The WOM can contain 3D objects, 2D surfaces,
light sources, WebView objects, and custom components.
These components are encapsulated objects that combine
visual appearance with functionality. A given MaxWhere
space can contain many components. This paper uncovers
a special 3D printer component that can be installed in any
MaxWhere space with MaxWhere version 7.

3.2 Craftbot Plus Pro printer

The Craftbot Plus Pro (Fig. 3 [24]) is a high-performance plug-
and-play desktop FFF 3D printer developed by CraftUnique,
designed for both professional and educational use.

3.3 Creality Ender 3 printer
Creality Ender 3 (Fig. 4 [25]) is one of the most popular and
affordable entry-level Fused Deposition Modeling (FDM)
3D printers on the market. Known for its reliability, open-
source design, and strong community support, the Ender 3
offers excellent value for beginners and hobbyists alike.
Despite its low cost, the Ender 3 is capable of producing
high-quality prints after basic calibration and maintenance.
Its open-source firmware allows for extensive modifications
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Fig. 4 Creality Ender 3

and upgrades, such as automatic bed leveling, silent stepper
drivers, or improved extruders thus making it so popular [26].

3.4 URDF

URDF (Unified Robot Description Format) is the most
popular robot modeling format, originally developed for
ROS [27], but now used in many other areas. It is an XML
file used to describe the physical and kinematic structure
of a robot. It defines a robot's components - such as links,
joints, sensors, and actuators - as well as their physical
properties like mass, inertia, and visual geometry [28].

3.5 FastAPI

FastAPI is a cutting-edge, high-performance web frame-
work designed for building APIs with Python, leveraging
standard Python type hints to deliver a seamless developer
experience. Built upon the robust foundations of Starlette
for web routing [29] and Pydantic for data validation [30],
it stands out as one of the fastest Python frameworks
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currently available, reaching performance levels compa-
rable to Node.js and Go [31]. Its core strength lies in its
native support for asynchronous programming, which
allows it to handle concurrent workloads with exceptional
efficiency. Beyond raw speed, FastAPI drastically acceler-
ates the development lifecycle by automatically generating
interactive API documentation via Swagger UI [32] and
ReDoc [33], ensuring that endpoints are always synchro-
nized with the codebase. Ultimately, FastAPI represents
a modern shift in backend architecture, providing a scal-
able, production-ready solution that is equally well-suited
for microservices, machine learning deployments, and
high-traffic cloud environments [34, 35].

3.6 Vercel

Vercel is a leading cloud platform designed to optimize
the development, hosting, and deployment of modern web
applications, serving as the primary infrastructure for the
Next.js framework. It revolutionizes the developer expe-
rience by offering a seamless Git-integrated workflow,
where every push to a repository triggers an automatic
build and deploys a unique preview URL, enabling real-
time collaboration and testing. At its core, Vercel focuses
on delivering exceptional end-user performance through
its global edge network, which serves content from loca-
tions closest to the user to minimize latency. The platform
excels at handling hybrid rendering strategies, effort-
lessly managing Static Site Generation (SSG), Server-
Side Rendering (SSR), and Serverless Functions within a
single environment. By abstracting away complex infra-
structure management and providing built-in features like
automatic SSL, custom domain handling, and advanced
analytics, Vercel allows engineering teams to focus
entirely on building high-quality frontend experiences
while maintaining the scalability and reliability required
for production-grade applications [36, 37].

3.7 OpenAl

The OpenAl API is a cloud-based platform that provides
access to OpenAl's advanced artificial intelligence mod-
els, such as GPT-4, DALL-E, and Whisper [38]. It allows
developers to integrate natural language understanding,
text generation, image creation, and speech recognition
into their own applications.

With the OpenAl API, users can build chatbots, virtual
assistants, content generators, code helpers, and many other
Al-powered tools. It is designed to be flexible and easy to
use, supporting both simple requests and complex workflows

through RESTful endpoints. In short, the OpenAl API gives
developers powerful access to cutting-edge Al capabilities
for a wide variety of real-world applications [39].

3.8 LangChain

LangChain is an open-source framework designed to sim-
plify the development of applications powered by large lan-
guage models (LLMs) [40]. It provides a modular architec-
ture that enables developers to integrate language models
with external data sources, APIs, and custom logic in a
structured and scalable manner. In this work, the Python
implementation of LangChain was employed to orches-
trate interactions with LLMs, allowing for the construc-
tion of complex processing pipelines through components
such as chains, agents, and memory modules. Chains enable
the sequential execution of multiple processing steps, while
agents introduce dynamic decision-making capabilities by
selecting appropriate tools based on the input context [41].
Additionally, LangChain facilitates prompt management and
template reuse, improving consistency and maintainabil-
ity of LLM interactions. Its support for document loading,
vector stores, and retrieval-augmented generation (RAG)
- the technique introduced by Lewis et al. [42], who com-
bine a pretrained generator with a retrieved document index
to ground outputs in external knowledge - makes it par-
ticularly suitable for applications requiring the integration
of domain-specific knowledge. Overall, LangChain signifi-
cantly reduces development overhead and enhances flexibil-
ity when building robust, LLM-driven systems.

4 Build the printer

4.1 URDF links

In the URDF model, the four primary components must
first be defined, consisting of the machine base and the
parts representing the three axes. By default, all param-
eters for the individual links are considered zero, requir-
ing only the link name and its corresponding mesh file to
be specified. These files must be placed in a predefined
folder of the component to ensure accessibility based
solely on their filenames.

To ensure the realistic operation of the printer, addi-
tional links are necessary; while the core functions can be
well-represented without them, certain elements common
to all printers should be included. Specifically, the compo-
nent acting as the print bed must be designated for proper
functioning, and it is also recommended to visualize the fil-
ament spool model. Furthermore, as every printer includes a
control panel, its position must be defined within the URDF



structure to designate the placement of the smart tablet serv-
ing as the control interface. If cooling is required for the
print head, a fan and its associated mesh file must also be
integrated into the model. Finally, auxiliary points must be
created to visualize the filament hanging from the spool and
the tube guiding it to the head, allowing for a Bézier curve
to be fitted to the specified points.

4.2 URDF Joints

The relationships between the various components are
defined by the joints connecting them, which are described
as joints within the model. With the exception of the
machine base, every individual link must be connected to
the machine via some type of joint. These joints connect the
axes either to the base or to one another, depending on the
specific mechanical configuration. Since the system in ques-
tion is a Cartesian printer, these are implemented as pris-
matic joints. It is crucial to define their orientation such that
they designate the direction of positive displacement for the
given axis. Furthermore, the relative positions of the par-
ent and child elements must also be specified here. If a fan
is included, it is connected to the print head via a revolute
joint, where the direction of the positive rotation axis must
be defined. All other links are attached to their respective
parent links using fixed joints, ensuring they are coupled
with the component they are intended to move with.

4.3 URDF processing
The structure of the printer is built within the component
based on the provided URDF model.

First, the XML file is read to allow for the interpretation
of its content, where the printerSource variable determines
which URDF model is utilized for the given component.

By converting the read file into a JSON object, it
becomes easily processable; for this purpose, we used the
Parser() function from the xml2js library [43]. The file,
converted to JSON format, was first read into an empty
string, and then a JSON object was created using the
JSON.parse() function.

Within the object formed from the processed URDF
model, a link and a joint array were created, containing
the respective links and joints. By observing the structure
of the robot object and iterating through its elements, the
necessary information can be filtered out.

Based on conventional naming standards, the sub-as-
semblies can be selected from the object during iteration.
The process involves checking for the existence of such
an eclement among the links; if found, its mesh URL is
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saved, followed by an iteration through the joints to store
the associated position and orientation. A similar process
is applied to the other parts, with the exception of the axes
and the auxiliary points, the latter of which do not have
associated mesh files.

A different approach is required for the axes: it must
be determined which part fulfills the role of which axis
before the bodies in the program can be mapped to the
axes. This is easily determined by extracting the elements
of the xyz attribute of the axis tag stored in the URDF into
an array, where movements along each axis correspond to
individual elements of the array. Since this is a Cartesian
printer, exactly one element will always be 1, while the
others remain 0. As the fan is the only moving part besides
the axes, a conditional branch must ensure it is handled
separately so that only the axes are processed.

In the MaxWhere space, bodies can be created using the
wom.create() function, utilizing the previously extracted
data. The identifier of every object created includes the
component's unique ID to avoid potential conflicts when
multiple components are instantiated within the same
space. The dimensions and resolution of the control panel
must be specified when calling the component. Using these
parameters, along with the data extracted from the URDF
model, a billboard can be created to load arbitrary content
- in this case, the web-based user interface.

At this stage, the empty nodes used in the original pro-
gram (such as printBaseCube, printBaseTube, and print-
CoordTracker) are initialized to assist during motion.
In this instance, providing an identifier is sufficient, as all
other values default to zero. Furthermore, since it is not
mandatory to assign a body to nodes - and in this case, no
visual representation is desired - no file path needs to be
specified. However, to fit a curve to the auxiliary points
of the Bézier curves, mesh files had to be created, as this
is not possible with empty nodes. Therefore, we created
a unit cube for each point; these are negligibly small and
practically unnoticeable, thus they do not interfere with
the simulation while fulfilling their intended function.

4.4 Parent-child relationships

The hierarchical relationships between elements can be
determined based on the joint connections defined in the
URDF model. To achieve this, we iterated through the
joints, individually examining both the parent and child
elements. The selected elements were then linked to one
another using the appropriate function within MaxWhere,
so the kinematic chain can be built.
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Once these relationships are established - since every
individual element can be traced back to the machine base
as the ultimate ancestor - it is sufficient to render only the
base; all descendant elements will be rendered accordingly
as a result. Following this logic, the loading of the Creality
Ender 3 and Craftbot Plus Pro printers into the Virtual
Classroom based on their URDF models was successfully
completed by using two printer components with different
configurations in the same space (Fig. 5).

4.5 Kinematic chain

The user interface enables the visualization of the given print-
er's kinematic chain in a tree structure (Fig. 6). To display this
hierarchy, we utilized the treeflex library [44], pre-defining
four nodes since the frame of every Cartesian printer con-
sists of its base and three axes. In this context, the primary
objective was to define the relationships between these ele-
ments based on the URDF model. In every case, the machine
base serves as the top-level root. Based on the defined joints,
whichever axis does not have the base as its parent is placed

at the lowest level, while its parent is derived from the joint

Fig. 5 Different printers loaded in the space via URDF model
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Fig. 6 Kinematic chain of the Craftbot Plus Pro on the control panel

definitions; the fourth element is the descendant of the base
to which no further elements are connected. This graph stat-
ically represents the connections even if the individual
nodes are empty; therefore, we kept the structure hidden
until data becomes available, at which point a function
toggles its visibility.

4.6 Move the axes

To operate the generalized printer, the movement logic
had to be reconstructed, as the original implementa-
tion was designed for a single specific printer configura-
tion [15]. We developed a unified function to handle the
movement of the individual axes, which expects JSON
objects containing the node names and target coordinates
within an array. For the execution of the movement, we
utilized the MaxWhere Node.animate() method, specify-
ing 'position' as the attribute to be animated, while the tar-
get ('to") and 'duration' parameters are extracted from the
array elements. Although the method allows various curve
types such as circular paths or Bézier curves, we selected
a 'linear' type for cubic interpolation, as the system
employs translational joints.

The program parses the new coordinates from the G-code
and determines whether printing is in progress based on the
extrusion rate. An increase in extrusion indicates filament
consumption, signifying an active printing process. To calcu-
late the movements, the current positions of the mobile bod-
ies must be retrieved. By utilizing these values along with the
initial positions of the machine base and the axes, the relative
position of the print head compared to the bed can be deter-
mined, as this reflects the displacement across all three axes.

A vector contains the new coordinates from the subse-
quent command. The relative movement to be executed
in the current step is defined by the diff variable, while
the distance variable represents the length of the displace-
ment. The duration of the movement is calculated based
on this distance: it is divided by the feed rate, then mul-
tiplied by 60 to convert the value from [mm/min] to sec-
onds. Since the time is scalable, the resulting duration
is divided by the time scale factor to determine the final
length of the animation for the given step. Based on the
incoming coordinates, the new target positions for each
axis are determined by adding the new coordinates - with
the correct algebraic sign - to the initial positions, aided by
the movement direction vectors extracted from the URDF
model. Once all target coordinates are defined, the move-
ment of the individual axes is executed.



5 URDF generation with AI

In order to enable users with limited knowledge of URDF
structures to customize the simulation, it was necessary
to develop a web application capable of generating robot
description files for any arbitrary Cartesian 3D printer.

5.1 Prompt engineering

To achieve this, OpenAl's Large Language Model (LLM)
provided the necessary support. By utilizing this model
with appropriate prompting, the URDF description for the
desired printer is generated.

A critical aspect of this generative technique is the
correct identification of the hierarchical relationships
between the axes. This is essential for the proper opera-
tion of the given printer; however, as these relationships
are not always self-evident, the corresponding prompt had
to be refined numerous times before the program reached
its sufficiently effective form.

Another critical point is determining the orientation of
the axes. It depends on the specific construction of each
printer whether a movement in a given direction described
by the G-code requires a positive or negative translational
displacement of the corresponding axis. If the program
can correctly determine these parameters as well, the
simulation will be able to move appropriately based on
the generated URDF.

5.2 Web application

A webapp was created where the user can enter the name
of the printer to be used in the simulation and after the
generation the URDF model is displayed and can be down-
loaded as .xml file with a custom name (Fig. 7).

Proper prompting is very important. In the python
code the prompt describes the content structure of the
URDEF so the LLM should only customize it for the actual
printer model. The downloaded file should be placed into
the proper folder of the MaxWhere space and when run-
ning the simulation, the printer is built up by the used
mesh files and is moved according to it.

The web application has been hosted to become reach-
able to everyone who would like to customize the 3D
printing space.

5.3 Implementation

The created system is an asynchronous web service
that generates URDF representations from natural lan-
guage input using a large language model (LLM).
The backend is implemented using FastAPI, which
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URDF Generator

3D printer type / name
‘Ender3 ‘

‘ ender_3 ‘

Get URDF

Success!

Copy to clipboard Download .xml

<robot name="ender_3">
<link name="base">
<visual>
<geometry>
<mesh filename="base.mesh"/>
</geometry>
</visual>
</1link>
<link name="x_axis">
<visual>
<geometry>
<mesh filename="x_axis.mesh"/>
</geometry>
<Jvisual>
</1link>
<link name="y_axis">
<visual>
<geometry>
<mesh filename="y_axis.mesh"/>

Fig. 7 URDF generator app
leverages the ASGI standard to enable non-blocking, con-
current request handling.

The system exposes a RESTful API, where the pri-
mary endpoint accepts structured input describing
an existing 3D printer. Input validation is handled by
Pydantic, ensuring type safety and robustness in request
processing. The service can also serve a static frontend
for user interaction.

The generative component integrates an LLM via
LangChain, interfacing with the OpenAI API (e.g., GPT-4.1).
The model is configured with low temperature to ensure
deterministic and reproducible outputs.

Output quality is enforced through structured prompt
engineering. A detailed system prompt explicitly defines
the expected URDF structure, including kinematic chains,
parent—child relationships between axes, and coordinate
conventions. This is complemented by additional con-
straint rules provided as separate messages, reinforcing
hierarchical dependencies among axes. Together, these
form a quasi-declarative rule system embedded within
the model context.

The raw model output undergoes post-processing to
remove formatting artifacts (e.g., Markdown code blocks)
and extract clean XML content. Optionally, the generated
URDF can be downloaded to disk.

Overall, the application can be interpreted as a neu-
ro-symbolic system, where the neural component (LLM)
performs semantic interpretation and code generation,
while the symbolic component is realized through explicitly
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defined structural and kinematic constraints in the prompt.
This hybrid approach enables the generation of structured
robot models from minimal natural language descriptions.

6 URDF generation

The software was tested on Cartesian 3D printers with
different kinematic structures to assess the accuracy of
the generation process. We evaluated the generated files
against four criteria: whether the number of links is cor-
rect, whether the joint parenting in the kinematic struc-
ture yields the correct kinematic chain, whether the axis
directions in the joints are correct, and whether the print-
ing-bed component is properly identified.

6.1 Bed Slinger

The Bed Slinger is the most iconic and affordable Cartesian
design. In this setup, the motion is split between the print
head and the build plate: the bed moves back and forth
along the Y-axis, while the print head moves side-to-side
along the X-axis and up/down along the Z-axis on a verti-
cal gantry (e.g., Prusa i3 MK4, Creality Ender 3, Bambu
Lab Al, LulzBot TAZ Workhorse) [45].

The results (Fig. 8) show that the generation for Bed
Slinger printers is quite accurate, and the printing bed
(Y-axis) can be determined correctly. The kinematic chain
was also correct for every printer, but in some cases the
axis direction for the Y-axis was faulty.

6.2 Box-Frame

In the Box-Frame design, the print head handles all hor-
izontal movement (X- and Y-axes) on a gantry at the
top of the machine's frame, while the build plate moves
only vertically (Z-axis). This keeps the printed part
much more stable, since it is not "slung" back and forth
during printing (e.g., CraftBot Plus Pro, Ultimaker S5,
Creality Ender 6) [46].

100%
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Parentings Axes directions Printing Bed

Validation Criteria

Fig. 8 Generation rate for Bed Slinger printers

As it can be seen in Fig. 9, the generation is not reli-
able for Box-Frame printers. Although the axis links can
be described perfectly, the joint parentings gone wrong in
most cases, the printing bed cannot be reliably identified
in most cases, which causes the wrong axis directions.

6.3 Fixed Bed

In the Fixed Bed design, the build plate is completely sta-
tionary and often bolted to the base, while the entire gantry
(the frame holding the print head) moves in all three direc-
tions (X, Y, and Z). This resembles how large-scale CNC
milling machines or wood routers operate (e.g., Snapmaker
Artisan, LulzBot TAZ Workhorse) [47].

For Fixed Bed structures the generated URDF files
were perfect (Fig. 10). The reason can be that the printing
bed is not one of the printer axes, but it is a part of the base
link, it stays still, and the kinematic of the printer is serial.

7 Conclusion

The virtual 3D printer proved to be sufficiently realistic,
allowing users to closely observe the processes through
free movement within the 3D space with the help of a sim-
ulation framework in which an arbitrary Cartesian 3D
printer - even with different structures, such as Bed Slinger,
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Fig. 9 Generation rate for Box-Frame printers
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Fig. 10 Generation rate for Fixed Bed printers



Box-Frame, or Fixed Bed - can be automatically built in the
virtual space based on its URDF model.

To take the user experience to the next level, an
Al-based web application was developed that generates
the URDF model of any Cartesian 3D printer; it produces
usable robot descriptions in most cases, thereby making
the digital printing lab substantially easier to customize.
The website for URDF generation has been hosted on
Vercel's cloud platform and is freely available [48].

The simulation can be extended into an immersive VR
experience with the help of MaxWhere XR [49]. By estab-
lishing a connection to a real printer, a digital twin could
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