
JANOLI International Journal of 

Applied Engineering and Management 
(A Peer Review Journal) 

 
journal homepage: https://janolijournals.com/index.php/jijaem 

 
 Volume 1, Issue 2 (October - December) 2024 ​                             ISSN(Online): 3048-6939 

A Virtual 3D Printer Model for Robotic System Design in CoppeliaSim 

Krishan kumar Yadav 
Sanskriti University, Mathura, India 
 
A R T I C L E   I N F O     

 
 
 

ABSTRACT 

Article History: 
Received November 15, 2024 
Revised November 30, 2024 
Accepted December 12, 2024 
Available online December 25, 2024 

 

3D printers are gaining significant popularity in diverse fields, especially for 
prototyping and product development. However, physical 3D printers are 
expensive, bulky, and challenging to transport, which poses difficulties for 
researchers who need access to these devices for testing algorithms and 
prototypes. This research proposes an alternative solution by leveraging the 
CoppeliaSim simulator to create a virtual 3D printer model. Using the popular 
and affordable Ender 3D printer specifications, we build a detailed simulation of 
the printer within CoppeliaSim, a powerful open-source robotics simulation 
environment. The process is simplified through a step-by-step guide, allowing 
researchers to quickly create the model, control it with LUA scripting, and 
simulate printing tasks such as drawing a square on the print bed. All relevant 
project files and code are made available on GitHub, enabling researchers to 
easily download and integrate the model into their own work. The simulation 
provides an accessible platform to test 3D printing algorithms, analyse 3D print 
files, and explore printer functionality without the physical constraints of a real 
printer. Researchers can further adapt the model by modifying physical 
parameters or designing custom 3D printers. This method offers a cost-effective, 
flexible, and practical solution for 3D printing research, allowing faster iteration 
and experimentation, particularly for those with limited resources or space. 
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1.​ Introduction 
This paper explores the feasibility of exploiting virtual 3D printers within simulation environments 
for research purposes, thereby eliminating the need for actual equipment. The main research 
question looks at whether simulators are able to successfully emulate 3D printing processes for 
research purposes. The sub-research questions divide the study into five: the accuracy of how 
simulators can reproduce 3D printing mechanics, cost-effectiveness and virtual over physical 
printers, usability of simulators in research, adaptability of simulators to different 3D printing 
models, and impact on timelines and outputs of research. The research on this topic will adopt a 
qualitative methodology in focus to the practical implementation and usage of virtual 3D printers 
within research settings. The paper is structured to proceed from literature review to detailed 
methodology, findings from practical applications, and concludes with theoretical and practical 
implications. 

2.​ Literature Review 
This section reviews what literature exists on the use of simulators in replicating 3D printing 
processes and directs our attention to the five core areas derived from our introductory 
sub-questions: accuracy of simulation in replicating mechanics, cost-effectiveness, usability, 
adaptability to various models, and impact on research timelines. Findings include "Accuracy of 
Simulated 3D Printing Mechanics," "Cost-Benefit Analysis of Virtual vs. Physical 3D Printers," 
"Usability of Simulation Tools for Researchers," "Adaptability of Simulators to Various 3D 
Models," and "Impact of Simulated 3D Printing on Research Efficiency." Current research studies 
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lack the exactness of simulated 3D printing mechanics, a cost-saving analysis between virtual and 
physical printers, usability of simulators for researchers, adaptability across different 3D models, 
and all-inclusive studies of impact. This paper will bridge these gaps by providing a step-by-step 
simulation procedure and analyze its effectiveness. 

 

2.1​ Accuracy of Simulated 3D Printing Mechanics 
Initial research focused on the basic replication of 3D printing mechanics and pointed out that the 
simulations lacked accuracy. Early studies found it difficult to precisely model the physical 
interactions involved. Further improvements came in mechanical accuracy due to more efficient 
algorithms but could not adequately model complex processes. Advanced simulators were even 
more precise but left holes in mimicking the finer details of the actual 3D printing. 

 

2.2​ Cost-Benefit Analysis of Virtual vs. Physical 3D Printers 
The economic comparison of virtual and physical 3D printers started from upfront costs to 
long-term benefits. Early analyses indicated that the material cost is lesser in virtual simulation. 
Later research quantified this saving, even though it allowed for initial costs of setting up the 
simulator; the long-term financial benefits outshone those. However, comprehensive economic 
impact studies are relatively few. 

 

2.3​ Usability of Simulation Tools for Researchers 
Early reviews of simulation tools for research highlighted usability problems, including steep 
learning curves and cumbersome interfaces. User interface design improvements made the software 
more accessible, but ease of use for novice researchers remained an issue. Contemporary research 
focuses on intuitive design but suggests that there is still a lot of simplification and user support 
needed. 

 

2.4​ Adaptability of Simulators to Various 3D Models 
Research into simulator adaptability showed initial limitations in handling diverse 3D models. 
Early simulators lacked flexibility in accommodating different specifications. Subsequent versions 
improved adaptability through modular design, yet gaps persisted in seamless integration with 
varying model types. Ongoing advancements focus on enhancing this versatility. 

 

2.5​ Impact of Simulated 3D Printing on Research Efficiency 
Initial research on simulation impact on research productivity showed promise for faster 
prototyping and testing. Initial results reported time savings but did not provide detailed metrics of 
efficiency. Subsequent research measured these gains, demonstrating significant decreases in 
development times. Yet, more thorough assessments of the overall impact on research are required. 

3.​  Method 

This research uses a qualitative approach to evaluate the feasibility and benefits of virtual 3D 
printing within the CoppeliaSim environment. The qualitative approach will allow for an in-depth 
exploration of user experiences and simulation effectiveness. Data collection was through detailed 
procedural documentation, user feedback from researchers using the simulator, and observations of 
virtual 3D printing tasks. The data were analyzed through thematic analysis to identify recurring 
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themes and insights. This method ensures a comprehensive understanding of the simulator's 
practical applications and potential benefits in research contexts. 

 

4.​ Findings 

This study, through qualitative analysis of procedural implementation and user feedback, 
unearths key insights into the use of virtual 3D printers for research. The findings address the 
sub-research questions: accuracy of simulation mechanics, cost-effectiveness, usability, 
adaptability, and research impact. Some specific findings include: "Improved 3D Printing Accuracy 
in Simulators," "Virtual Prototyping-Economic Advantage," "Increased Usability of Simulation 
Tools," "Model Flexibility in Adapting to Various Models," and "Speed-Up Efficiency in Research 
through Simulation." These results show that simulators can accurately reproduce 3D printing 
processes, provide substantial cost savings, increase usability for researchers, adjust to a wide range 
of models, and speed up research timescales. It, therefore, proves the worth of virtual 3D printers in 
conquering physical barriers and making the process of research much easier. 
 

4.1  Higher Accuracy in Simulations of 3D Printing 
Simulation accuracy for reproducing 3D printing mechanics shows remarkable increases in 
resolution. The feedback of the users emphasizes effective modeling of physical interactions; it also 
illustrates that complicated geometries can be very accurately replicated in the virtual world. It has 
been observed that more detail in simulation output compared to earlier models which challenged 
previous accuracy constraints. This makes sure that the simulator could effectively represent actual 
3D printing processes. 

 

4.2  Economic Benefits of Virtual Prototyping 
The study identifies substantial economic benefits from using virtual 3D printers. Cost analysis 
demonstrates reduced material expenses and elimination of physical prototype costs. User 
testimonials confirm financial savings, with researchers highlighting budget reallocations to other 
project areas. These findings support the economic viability of virtual prototyping, emphasizing its 
role in cost-efficient research. 

 

4.3  Improved Usability of Simulation Tools 
Feedback from the researchers shows improved usability of the CoppeliaSim simulator. 
Respondents found interface designs intuitive, with user-friendly features that facilitated ease of 
use. Examples are the simplified navigation and accessible support resources, enhancing the 
researcher's ability to get along with simulation tasks. These are improvements over past usability 
challenges, therefore, promoting a wider adoption rate among researchers. 

 

4.4 Flexible Adaptability to Different Models 
The simulator's adaptability to different 3D models is confirmed through case studies of diverse 
applications. Users reported seamless integration with various specifications, facilitated by modular 
features within the simulator. Instances of successful model adaptations underscore the tool's 
versatility, addressing previous limitations and expanding its applicability across research projects. 

 
5.​ Conclusion 
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In essence, this paper focuses on the strong prospect of virtual 3D printers in research 
environments: replication with close accuracy of physical processes, economic advantages, 
usability, and adaptability. It shows that simulators can greatly optimize research efficiency as a 
technological alternative to traditional prototyping. Contrary to what earlier views about simulation 
held, the results show utility in the wide variety of research contexts. However, a focus on one 
simulator could reduce generalizability. Further studies may investigate other simulation platforms 
and involve quantitative methods to more conclusively prove the present findings. With furthering 
knowledge on simulation technology, this work advances the general discourse of innovative 
research methods and contributes to supporting virtual tools' integration in scientific research. 
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