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Abstract: This article deals with the use of manufacturingcpss simulation as a verification tool. Simulatwoves to
be a valuable tool for testing and evaluating potida processes and their effectiveness in a clbedirovirtual
environment. The authors discuss the advantagessitmalation brings, such as the identification deffects, the
optimization of production parameters, and the @néion of problems even before the start of themesaduction process.
The use of simulation of the production processksathe acquisition of valuable knowledge aboatitifluence of
various factors on the final product quality, thetimization of production procedures, and the miration of the risk
of errors. The authors emphasize that the simulgtiovides accurate information that helps in theiglon-making
process and allows the prediction of possible pmisland their solutions before they arise.

1 Introduction complete production processes and machine-oriented
Simulation is a powerful tool used to address cempl Simulation focusing on individual manufacturingls¢8].
problems that cannot be effectively solved usingpsé The primary objective of the first type, simulatioh

mathematical models. The dynamic nature of the§®mplete production processes, is to support thenmg
problems and the presence of uncertainties maRé Specific production processes or improve exitin
simulation an appropriate approach. Different typés Processes by analyzing key performance indicatais as
simulation can be categorized based on the specifi¥cle times or Overall Equipment Effectiveness (REE
problem they aim to support. For instance, manaperi The goal is to optimize these processes and igemtéas
strategic problems can benefit from simulation rogth for improvement. This type of simulation is cructaf
that are tailored to management-oriented scenaioh,as €hhancing efficiency and productivity in manufaatgr
Monte Carlo simulation or scenario analysis. Theseperations (Figure 1).

methods can be further enhanced by incorporatina

visualization techniques or historical data. Onacfical

application of simulation is in supply chain plamgi Y| o i

which involves tasks like optimizing warehouse i/L

positioning or selecting suppliers. Simulation gaavide

valuable insights and aid in making informed dexisiin ©) maximisation of profi @

such scenarios [1,2]. iy equipment cost _
The other type of problem that simulation can asiglre | sation of :> s vl <: e

is technical in nature, specifically operationablgems e ~ due date delay cost & inventory

that arise in engineering. These problems reqediertical st s freepl

simulation methods to make informed decisions. Taey SO0 CopL.E

often associated with the concept of the digitatdey, ﬁ

which emphasizes the use of simulation in the exgging

and manufacturing domains. This paper distinguishe ® Pl v

between two types of technical simulation: simolatof
Figure 1 Goals of process simulation [3]
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Horizontal and vertical extension of ssimulation and its interdependencies. This integrated approach
modelsin an enterprise enables a more comprehensive analysis of the eisegs

The traditional simulation tools have been effextiv @ Whole and allows for better decision-making agros
modeling various aspects of manufacturing, inclgdindifferent functional areas. . _
manufacturing lines, flexible manufacturing systearsd ~ Secondly, the development of new simulation systems
manufacturing cells. However, the future develophuén IS also directed toward enhancing the capabilitds
simulation systems is focused on advancing integratmodeling complex interactions and dynamics wittia t
enterprise modeling in two main directions (Figye enterprise. This includes considering factors siscsupply

Firstly, there is a push toward integrating simofat Cchain networks, resource allocation, and infornmefiows
models with broader enterprise-level systems. fitéans in @ more interconnected and realistic manner.gda is
that simulation is not limited to individual comprts or  t0 create simulation models that can capture thigaties

processes, but rather aims to capture the entteeprise Of the entire enterprise system, enabling more rateu
predictions and evaluations of its performance [4].
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Figure 2 Integration of simulation modeling in eniése [4]
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Horizontal integration involves the integration of them. In this way, you can create smooth
manufacturing and assembly processes with theeentir movements of objects or components.
logistics chain of the enterprise, including ex&rn e Physical animations: In addition to animating
processes with suppliers and various supply siegeg the components themselves, you can also use
distribution networks, market dynamics, demand physical animations in SolidWorks. This means
forecasting, and other related factors. This irstggn aims you can use physical properties like gravity,
to create a seamless flow of information, materiaisl elasticity, friction, etc. to make objects behave
resources throughout the entire manufacturing according to the real laws of physics.
environment. e Camera and view animations. SolidWorks
On the other hand, vertical integration pertainghi® Animations also allow for camera and view
integration of decision-making processes at strateg animations. This allows you to create dynamic
tactical, and operational levels within the prodrct tours of your models from different angles and
planning and control system. At the strategic leeel perspectives.
aggregate system is modeled without including téetai «  Export animations: After creating animations in
operating or control logic. Strategic-level deasanvolve SolidWorks, you can export them to various
long-term plans for production requirements and formats such as AVI, MP4, WMV, etc. You can
production resources. The objective is to aligmpéd and then use these animations for presentations,
actual requirements and resources to the greatssibe websites, or other projects.
extent, ensuring effective utilization of resourcasd « Interaction with other SolidWorks features
meeting production goals. You can easily integrate SolidWorks Animations
with other features in SolidWorks. For example,
2 SolidWorksanimation you can create animations for collapsing or
SolidWorks is a professional software for 3D maoaig)i expanding components within a drawing or
design, and technical documentation. Its many featu documentation. It is also possible to create
include the ability to create animations. SolidWsork animations for simulations within the SolidWorks
Animations allow users to create moving visualmasi of Simulation module, which shows deformations
their 3D models (Figure 3), allowing them to better and movements of materials.
understand the design and operation of the proposed « Setting animation properties SolidWorks
product. Animations provides various setting options that
SolidWorks offers a variety of animation methods, affect the visual output. You can adjust the
including component animation, part animation, animation speed, transitions between movements,
condensed assembly animation, and camera view control the duration of individual sections, and
animation. Users can define movements, rotations, other parameters to achieve the desired effect.
transitions, and other parameters to create smooth « Communication in assemblies Animations in
animations. In addition, effects such as lightisigading, SolidWorks allow you to display movement and
and textures can be added to enhance the visulitycpfa interaction between different components in an
animations. assembly. This is very useful when examining the
SolidWorks Animations are useful for presenting and movement of individual parts and their proper
communicating designs with other people, as welloas functionality.
verifying the functionality and movement of desidne . Motion and Collision Verification: SolidWorks
parts. They allow designers and engineers to visiahd Animations can also be used to verify motion and
analyze their projects before they are physicalgated, detect collisions between components. In this
contributing to faster and more efficient product way, you can detect potential problems in the
development [5]. proposed system before it is physically created.
) ] ) ) * Visualization settings: SolidWorks offers
SolidWorks Animations include: various options for setting the visual page of
*  Setting a Timeline: When creating animations in animations. You can add different materials,
SolidWorks, you can set a timeline that colors, textures, and lighting for better
determines how movements and changes occur visualization and a realistic look [6].

over time. You can define different animation

stages and assign specific time intervals to them. | the SolidWorks program, it is possible to anienat
+ Keyframe animation: SolidWorks Animations various processes, be it production, kinematicsyation.
use a keyframe approach, which means that yqtigure 3 shows a robotic arm created in SolidWobssa
define certain keypoints (keyframes) in time an@|assic 3D model, it is assembled as an assemblthis
the system automatically interpolates betweemode, it is not possible to move it directly. Iniscessary
to set the degrees of freedom.
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Defined degrees of freedom:
* gripper movement,
« movement of the gripper head,
» short and long arm movement,
e tower movement.

If the degrees of freedom are defined, the model
behaves as a moving part. Subsequently, you déime
object to be moved from position A to position B.this
case, it is a cube, but if the requirements in petidn are

different, any model can be uploaded. The lasgthindo Figure 3 Setting up the robotic arm

is to set the gripper, to its zero position, fie ttube and ) o )

move to position B. Figure 4 shows the animation of moving the culibéo
If these requirements are defined, it is possiblstart POsitions. In the Animation section of the SolidW®r

the animation of the transfer process. program, it is possible to start and define aniomati

properties. Using the displayed points of the ationaof
the individual parts, the exact time frame of thevement
and the return to the initial position, the so-dllzero
point, is defined. Animation as part of the simigathelps
companies define the equipment they use or wilkasety
features (exactly defined space where personneaincave
and where it is already dangerous) as part ofeahewal or
optimization of the production process.
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F’igure 4 Animation of the work of the robotic arm

Another example of process animation is theonnectthem usingthe Mate tool of the programduedk
production of plastic prints. Figure 5 shows pdg plastic the functionality of the press assembly.
press. A partial 3D model is sufficient for aninoati
because only this part performs movement, thearfetste
machine is static. The procedure is very similarthe
robotic arm. Define the degrees of freedom of thd,p
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Figure 5 A partial model of the press equipment

Creating an animation of a pressing device (Fig)re
in the SolidWorks program is possible using various
techniques and functions. Here is a procedurectivahelp
you create this type of animation:

Create a model of the press: First, you need to
create a 3D model of the press in SolidWorks.
This includes the creation of individual
components (eg arm, press plate, injection tool)
and the assembly of these components.

Define motion patterns and dependencies:
Next, you need to define motion patterns and
dependencies for individual parts of the pressing
equipment. This includes determining the
movement of the arm, the precise opening and
closing of the press plate, and other parameters
that affect the movement of the equipment.
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Create animation using the keyframe
approach: You can use the keyframe approach in
SolidWorks to create animation. Place keyframes
in time for various parameters and positions of
individual components.  SolidWorks then
interpolates between these key points, which
creates a smooth movement of the device.

Set Timelineand Transitions: Set the animation
timeline and add transitions between key points.
This allows you to define the speed and duration
of individual parts of the animation and create
smooth transitions between different movements.
Add visual effects and textures: To enhance the
visual quality of the animation, you can add
various visual effects such as lighting, shading,
and textures. These effects can enhance the details
of the molding equipment and create a more
realistic appearance.

Verify the animation: After creating the
animation, play it and verify that the movement
and flow are in line with your expectations. If
necessary, adjust the parameters or positions of
the key points to achieve the desired result.
Export the animation: When you are satisfied
with the result, you can export the animation of
the pressing device to the desired form.
SolidWorks allows you to export animation to
various formats such as AVI, MP4, WMV, etc.
You can then use this exported file for
presentations, websites, or other projects.
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Figure 6 Animation of the pressing device
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In addition, in SolidWorks, it is also possibledeate hardware communication of the advanced production
simulations of the pressing process, where youwadel system platform. KEGA 020TUKE-4/2023 Systematic
material deformations and monitor force effectsirdyur development of the competence profile of studerfts o
pressing. These simulations create a smooth ti@msitindustrial and digital engineering in the processigher
between the initial and final state, which allows more education. VEGA 1/0508/22 "Innovative and digital
accurate visualization and analysis of the molgiragess technologies in manufacturing and logistics proessnd

system”.
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