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Abstract: Simulation programs have revolutionized the openat of major corporations in the 2tentury. These
programs offer meticulous recording and analysigro€esses, enabling the identification and reoiwdf bottlenecks,
deficiencies, and errors that could arise duriradrweorld production. Simulations provide compreheasnsights into
the entire production process, even before it leginsuring optimal efficiency and minimizing doimmg and mistakes.
They can be customized to varying levels of comiplexencompassing process-oriented perspectivesvisglly
detailed representations. To ensure accuracy, zingland evaluating available data is crucial, &ipgnting it with
necessary information to enhance the virtual reprtagion’s fidelity. In this discussion, we williparily explore the
modeling of 3D objects within detailed simulati@rsl their subsequent application and interpretatidiverse contexts.

1 Introduction However, the application and presentation of 3D

The modeling of 3D objects and the methods of thefpodels extend far beyond the boundaries of sinurati
application and presentation have gained significathese models find applications in product desigruai
importance in both simulation environments and belyo Prototyping, —architectural visualization, and even
In this era of advanced technology, the abilitycteate immersive experiences like virtual reality. Theyveeas
accurate and realistic 3D models has opened upld e Powerful tools for communicating ideas, showcasing
possibilities for various industries. From engifegrand ~ concepts, and facilitating informed decision-making
manufacturing to entertainment and architectures th This study focuses on exploring the utilization3@
utilization of 3D objects has become a fundameaspect Visualization and the integration of models witttire
of Visua"zing and analyzing Complex Systems arﬂjgjm Tecnqmatlx Plant. Slmulatlon SOﬂWﬁre.. Addltlona“y,
Within the realm of simulation, the modeling of 8bjects €xamines the application and presentation of thesgels
allows foracomprehensive understanding of praﬂd in diverse contexts beyond the simulation enviromme
facilitates the identification of potential issuesr The software provides a comprehensive library of
optimization opportunities. Simulation softwaregclsuas Predefined models, encompassing basic represematio
Tecnomatix Plant Simulation, provides a platfornt fomachinery, conveyor belts, and various types of
integrating these models seamlessly into virtudfansportation vehicles. Users have the flexibility
environments, enabling the exploration and findrgrof ~ customize the graphics of these objects within the

production processes with enhanced accuracy aftinulation, allowing for visual modifications acdang to
efficiency [1]. their specific requirements [2].
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2 Development of 3D model

In addition to modifying the graphical represematof
simulation objects using the software's defaultpbies,
there is also the option to connect with CAD sofevd his
connection is essential for obtaining precise disiars
and specifications of individual devices or compagén
most simulations. Consequently, it involves the plate
processing of these elements using CAD software
However, the integration between simulation and CAC  1he hody of the puller
software is not direct and seamless. For this qdati
simulation, we employed SolidWorks CAD software,
developed by Dassault Systemes SolidWorks Corporati
As the production process focused on creating arfzea
puller (refer to Figure 2), each individual partdenvent
distortion and was subsequently exported in a ctibipa
file format, allowing it to be readable within teenulation
software and integrated into the overall simulatetup
[3]. Prior to the actual distortion of parts withiie
software, this process was preceded by creatingjleit
drawing documentation. SolidWorks CAD software alsc Short shoulder A long shoulder

offers the option to generate digital forms of drayv Figure 2 Components of the Puller Body
documentation as one of its output possibilities.

1 |

/

Figure 13D objects available in the TX Plant Simulatiorrdity

Screw thread

The puller body represents the foundational streati
the entire part, making it the initial focus of duztion as
discussed and optimized in the previous chapterth&s
core component, it is the first element to be ipooated
into the assembly process. The second part involves
attaching a screw to the central hole of the bagggian
internal thread. This screw applies pressure td#sing
that requires disassembly. Careful design enshetghe
screw does not damage the surface of the part being
manipulated. It features a hexagonal head, allofanthe
use of a ring or open-end wrench. Six short arnes ar
attached to the puller body at the assembly sitagus
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specialized production equipment. These short arms

facilitate movement and overall adjustment of tbegl 2.1 Integration of 3D objectsinto the Plant

arms based on the size of the component being Simulation environment

manipulated. The long arm, which is the final part, The distorted 3D models created using CAD software
undergoes assembly just prior to packaging andstip can be seamlessly integrated into the simulatiopeaisof
Due to its complex shape, the long arm is desi@r##y the material flow. This process is similar to irisey
casting technology. In the simulation, this compdrie  objects from the default library of the simulatisoftware.
considered a purchased item delivered directly ® t\yithin the CAD software, the specific model is estpd
assembly site. To simulate the functionality ofpalfts and i the form of a STEP file, which ensures convenien
identify any potential errors, CAD software is eny#d to  conversion to other file formats. To facilitate qoatibility
assist in the assembly process. Standardized camf®n with the simulation, the exported file is then certed to

like nuts, bolts, and washers are incorporated th® the JT file format using a readily available onlaumverter
assembly, adhering to ISO standards during thegudesif4).

phase. SolidWorks CAD software provides access to a The JT file format is essential for the successful

library of these standardized parts. To ensulgtegration of the 3D models into the simulatiorhisT
comprehensive project documentation, the softwése aformat allows for efficient data transfer and eesithat the
offers the option to create drawing documentat@nttfie models can be accurately represented within thelation
entire assembly. It is worth mentioning that theactx environment. By Converting the file to JT formdn'et
material specifications are defined, allowing fdiet necessary compatibility is established, enablingatin
calculation of the total weight of the manufactupeat. and seamless integration of the distorted 3D moiéts
the simulation workflow.

This streamlined process of converting and impgrtin
the CAD-distorted models ensures that the simuiatio
accurately reflects the real-world production eoriment.

It allows for the detailed analysis of materialwland
enables precise evaluation of production proces3gs.
leveraging readily available tools and file formatsers
can effectively utilize their CAD-created modelshim the
simulation, enhancing the overall accuracy and
effectiveness of the virtual environment [5].

Figure 3 Assembly - The Puller
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Figure 4 Drawing documentation generated throughttilization of CAD software
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stboru: ~| Al 3D Graphicfiles

Otvorit Zrusit

Selection of the converted JT Custom graphic display of the
file puller's body in simulations

Default graphic display of the The puller body clamped at
puller's body in simulations the milling workplace

Figure 5 Incorporating models into the simulatianveéonment
The integration of distorted 3D models created ADC default library, these models become part of théera

software into the simulation is a straightforwardgess. flow. The CAD software exports the models as STileB,f
Similar to inserting objects from the simulatiorita@re's which can be easily converted to other formats.véding
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the exported files to the JT format is crucial $eamless
integration into the simulation environment. Thefdimat
ensures efficient data transfer and accurate reptason
of the models within the simulation. This streamtin
process enables a faithful reflection of the reati
production environment, allowing for detailed mater
flow analysis and precise evaluation of productiol
processes. Leveraging available tools and file &sm
empowers users to effectively utilize their CAD ratsl
enhancing the overall accuracy and effectivenesthef
virtual environment.

Aplication Oculus

S

2.2 Output and presentation options for the = S
simulated production process VR Headset Oculus Rift S Aplication Steam
Virtual reality (VR) can be effectively employed as .
means of representing the simulated productiongssic Figure 6 VR resources and tools

serving various purposes in the realm of trainimgl a
immersive  experiences. This widely recognized The Steam application serves as a bridge for fatiiig
technology is frequently utilized in training opens who communication between the simulated manufacturing
operate specific assembly equipment, offering distea Process and the Oculus application. It acts as diatue,
and hands-on learning environment. The integratfdfR  €nabling seamless interaction and data exchangeéet
with the simulation process further enhances therally the two systems. The Steam app plays a crucialinole
experience and effectiveness of the training. establishing a connection between the simulatidwvace
By incorporating VR technology into the simulation,and the Oculus app, ensuring that the virtual teali
users can delve into a virtual world that closelplicates €xperience is effectively synchronized with the udered
the production environment. They can explore atetact Manufacturing environment. It handles the transionissf
with the simulated equipment, machinery, and prseeim  information, commands, and feedback, allowing &al+
a highly immersive manner. This realistic represion  time interactions and accurate representation & th
facilitates a deeper understanding of the prodnctiProduction process within the virtual reality sedi
workflow and enables operators to gain practical The integration of virtual reality into the simugat
experience in a safe and controlled setting [6]. production process brings numerous benefits. kreffa
The use of VR in conjunction with the simulationrepresentative and immersive experience, partigufar
allows for a more comprehensive and engaging trgini training operators. By leveraging VR technology,
experience. Operators can practice and refine ghills, operators can develop practical skills, enhancesibee
familiarize themselves with equipment functionektiand Mmaking capabilities, and foster collaboration isaée and
develop efficient strategies for handling variousduction ~ controlled virtual environment [7].
scenarios. This immersive approach helps operatotd
confidence, improve decision-making abilites, an@.3 3D printing
enhance overall performance. Moreover, VR technolog 3D printing technology offers another valuable timol
provides the opportunity for collaborative trainimgpd Vvisualizing the production process and manufactpeets.
remote learning. Multiple users can participatdhis technology serves multiple purposes, including
simultaneously in the virtual environment, regasdl®f confirming precise dimensions and representingfitiad
their physical location. This feature enables efflec outcome of the production process. By utilizing itide
teamwork, knowledge sharing, and the exchange sff benanufacturing techniques, such as 3D printing,
practices among operators and trainees. practitioners can create physical prototypes tbetiiately
reflect the intended design. This process enaldasgble
representation of the part, allowing for a thorough
examination of its dimensions and features. Thro8Dh
printing, the intricate details of the part can realized,
providing a realistic representation of the finedguct.
3D printing technology plays a crucial role in
showcasing the entire production process. By mpignti
individual components or assemblies, stakeholdars c
physically observe the progressive stages of pitaatuc
and gain a deeper understanding of the overall
manufacturing workflow [8].
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Figure 7 3D printing of a bearing puller

The utilization of 3D printing technology servesas spatial information, as they are interpreted arspldyed
practical solution in this context, aiding in trenfirmation on a flat surface, such as a desktop. While theee a
of dimensions and providing a tangible represemtatif techniques, such as those used in 3D cinema, tteatzt
the production process. It enables practitionerstwlate to overcome the flatness of a two-dimensional iméwzy
designs, assess functionality, and identify potémtieas are not truly spatial in nature. Although they cagate the
for improvement. By leveraging the benefits of 3Dllusion of depth by making certain parts of theame
printing, stakeholders can enhance their visuadinat appear closer than others, they lack a crucial ehm
capabilities and make informed decisions throughbet known as parallax. Parallax refers to the positiona
production journey. difference of two distinct points within an imagehen

viewed from different angles. In a typical 3D cireem
3 Theapplication of holographicimaging e_xperience, even if you were to move several Stea?se
in simulated production rlght or left, you wc_)uld still perceive the sameaige

In addition to their applications in simulation, 3pWithout any change in perspective. However, ifithage

printing, and virtual reality, holographic projecsmfferan W€'€ a hologramz you .WOUId observe the scene from a
alternative method to visualize and present cremtadels. S9Nty different viewpoint, allowing you to paatly see
Unlike conventional two-dimensional images captusgd P€hind displayed objects. Holograms possess thgueni
cameras or video cameras, holographic projectiomsge characteristic of providing a more immersive andaiyic

a spatial representation that goes beyond theefiatof VI€WINg experience. They enable viewers to percéfee
traditional images.While techniques like those use8D entire scene from different angles, creating aesefidepth

cinema can create the illusion of depth, they lace 2nd allowing glimpses of hidden details. Unlikedit@nal
spatial characteristics such as parallax. Para#ifers to !{rr?ageg_, holograrr}s offer a mgre rﬁallstlctrﬁrprew%aéﬁ .
the variation in the position of different pointsthin an ree- |ment3|on§1_ fpacci_ gtn ¢ enhance the overalaivis
image when viewed from different angles. In corras®ngagement and interactivity for viewers.

holographic projections offer a more immersive eiqrece A true hologram is a holographic image capturedhfro
by allowing viewers to observe scenes from differerfWO different perspectives, resulting in a visugberience

perspectives and even glimpse objects from beMings where each viewpoint offers a slightly differentqaption,

holographic methods are based on specific conditomi  '€S€Mbling a real scene. While there are variatimigues
specialized tools. The fundamental process involv Id |Ilus;]9ns th?r;[ (I;]TllmIC tr;_ret_at-démenjlonahty, gereU .
directing a laser at a semi-transparent mirrorctvisiplits olographic methods are limited and require  Specil
the light into two beams. One beam interacts wit t conditions and specialized tools for their creatidio

object being recorded, while the other reflectsapfother SIMPIify the process, a laser is directed at a semi
mirror. The two beams eventually intersect on gaf‘sp?fe”F mirror, splitting the light into twodpas. One
photographic film, creating an interference pattemat eam illuminates the object anq is reflected, wihitkeother
forms the hologram. beam reflects off another mirror. Eventually, thveot

Conventional images captured by cameras or viddgams intersect on a photographic film, generating
cameras are limited to a two-dimensional represienta 'nterference pattern that forms the hologram [9].
This means that they lack the ability to conveytdegmd
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However, this process solely captures the hologmam image suspended in space. However, it is impottambte
the film. To display the hologram, a similar illumtion that this setup does not produce genuine hologtaums
technique is employed, recreating the original réicg rather two-dimensional images with a sense of déftb
conditions. However, it's important to note thatrent rotation of the arms creates a surface-like effi@oiting
holographic technology is not yet capable of captyand the projection to a flat plane instead of true dhre
reproducing moving objects with convincingly shamd  dimensional representation [10].
smooth results. As a result, alternative techne®gire
used to create spatial images, even though theg ha% Conclusions

limitations and cannot produce true holograms. The simulation aspect of the project aims to enbanc

Nevertheless, these techniques can create compellifie visualization of the production process for ioyed

illusions that are often sufficient for various &pgtions.  efficiency. By leveraging the capabilities of sirtibn
software and combining various inputs and outpiits,

Rotating holographic projector becomes possible to design and comprehend proposed

One common method used to create a holographic-likhanges in the manufacturing process more effdgtive
effect is through the use of a rotating projectdhis Integrating custom 3D objects into the simulaticeates a
"holographic projector" typically consists of roteg arms  digital twin, allowing for a realistic representaii of a
with RGB diodes attached. As the arms spin rapitilg, production line, which is particularly advantageous
LEDs emit flashes of light. The rotation speedasefully  considering the limited library of machines andirtthe
synchronized with the blinking of the LEDs, makisigre components in the Tecnomatix Plant Simulation pogr
that the colors are always displayed in specifisitns The practical part of the study focuses on the
within the circular "display area." The resultinffeet integration of custom 3D objects, designed using
gives the impression of a transparent image flgaim Solidworks modeling software, with the simulatidrhis
space. However, it's important to note that thisrapch section covers the creation of custom objects, the
lacks true spatiality. The movement of the "holpipia documentation of these objects, and their subseéquen
fan" arms only creates a surface, resulting in a-twconversion into the required file format for seassle
dimensional image. Consequently, these fans do nategration with the simulation. Moreover, thesedels
generate actual holograms but rather transpareat twcan be utilized for 3D printing, enabling the plogsi
dimensional images. production of objects, or showcased on various
holographic projectors to visualize and presentntirean
immersive manner.

Overall, this research explores the potential of
combining simulation, custom 3D modeling, 3D prigti
and holographic projection to enhance the undedsign
and implementation of manufacturing process
improvements.
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