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Abstract: The aim of this paper is to optimize the produtfioocess of graphics card assembly in an unnaoregany.

For the optimization of the production processwilbuse the Tecnomatix Plant Simulation softwan@ni Siemens. The
first and most important step to optimize the mantifring process is to analyse the current proseghat we can
pinpoint where bottlenecks or downtime is occurriRgr this reason, the first simulation is dedidate the current
production process. In the second simulation, e fruccessfully implemented all the proposed chamgthin the

upgraded manufacturing process. These changesl@ttieplacing the human workforce with two robaotshie tenth

stage, which involves the assembly of large comptand he implementation of the upgraded processvalli4 graphics
cards to be assembled in one hour, an increas®é gfaphics cards compared to the current processn keight-hour
shift, 353 graphics cards can be assembled, wkith8 graphics cards more than the current prazuptiocess.

1 Introduction (also from different suppliers) [1]. The system o

With regard to maintaining their competitivenesse€xchange data with the project management systelifan
manufacturing companies are forced to constantfydve —hecessary, with the customer’s or company's infooma
the quality of their processes with innovative soadbne Systems. The PLM system can be seen as the basis of
such tool is simulation programs, which will be ldedth ~ Industry 4.0, in which there are several otheresystthat
in this work. Simulations allow a wider range ofguanies are mandatory for implementation in production. ill w
to optimize their internal processes. highlight the main systems [2]:

The article is divided into four interrelated parfhe 1. PDM system - product data management system.
aim of the first part is to introduce readers t® tontext of 2. CAD system - product design.
the issue and provide them with the necessary etieat 3. CAE system - engineering calculations.
knowledge to understand the next part of the artithe 4. CAPP system - development of technical
second part of the article describes the used rdetbgy, processes.
analysis of the current production process, sirraradf 5. CAM system - development of control programs
the current production process and simulation @& th for CNC machines.
innovative production process. In the third parttioé 6. MPM system - modelling and analysis of
article, we analysed the results in detail basedthan product production.

statistical reports provided by the simulation wafe TX
Plant Simulation. The last part summarizes th&.2 MPM system

contribution of our research. Manufacturing Process Management (MPM) -
production process management, digital producttana
1.1 PLM rule, itis a set of technologies, methods and farog used

Product Lifecycle Management (PLM) is a concepin the production of products [3].
aimed at managing all information about a produd a  The MPM solution allows companies to create models
related processes during its life cycle, from desipd oOf technological processes and then subject them to
production to decommissioning. The main conceguisk ~ analysis. By combining knowledge management toads a
access to the necessary and up-to-date informabont optimizing assembly into a common open. Environment
the product, which is the basis for ensuring qualit MPM systems reduce lead time, design capacity, and
reducing time and reducing costs. By PLM systemdwe provide greater flexibility for product design clyas
not mean one super product, but a set of softwadupts  [4-5].
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Advantages of implementing MPM systems: 5.
* Reduction of preparation time to produce new
products.

* Reduction of commissioning and production time
to achieve projected capacity.

*  Optimization of production management.
2 Methodology
In this article, we analysed the manufacturing pssc
of graphics card assembly and identified the ke)%
parameters that affect the current production. Viauate '
the efficiency of this process, we used the siniat
software TX Plant Simulation from Siemens [6]. Ugin
simulation, we compared the current production @ssc
with the new, innovative graphics card assemblggss. 8.

In the current manufacturing process, we have
identified a problematic bottleneck in the manual
installation of large components that require sgeci
handling. This step is time consuming and can lead
errors and inefficiency [7]. To improve this prosesve
proposed an innovation that consists in replacing t

manual installation of large components with twedal 10.
robots. These robots will be operated by employaes
have been engaged in manual assembly until now.

11.

2.1 Analysisof the current production process
As part of this analysis, we focus on one specific
process of assembling a graphics card within pribafuc

Throughout the production of graphics cards, theme

several complex processes that require a high lefel

labour and demandingness on the part of the warkées
current production process is divided into thirtesteps,

which we describe in detail: 1

1. Quality control by employees: The first step in the
assembly process is quality control performed by
employees. This inspection serves to ensure that al
components and materials used in the assembly
process meet the required standards and norms.

2. Applying the paste to the front side of the PCB: At
the beginning of the assembly, the paste is appbied
the front side of the PCB (Printed Circuit Board)
which is the base plate on which the electroni
components will be mounted.

3. Installation of components: Next is the installataf
individual electronic components on the front sifle a
the PCB. These components include integrate

12.

3.

circuits, resistors, capacitors, and other compianen
necessary for the proper functioning of the graphi
card.

Soldering the components: After installing the
components, a soldering process is performed wh o
the electronic components are permanently joined
the PCB using heat and solder paste. This stepesisu
a reliable and permanent connection of th
components to the board.

Second quality control by employees: After soldgrin

is completed, a second quality control is performed
the purpose of which is to verify the correctnesd a
quality of the connection of the components to the
PCB. Employees check visually and by means of tests
that all parts are correctly positioned and coregbct
Applying paste to the back of the PCB: Paste ia the
applied to the back of the PCB, which will serveaas
support for other components and ensure proper
connection.

Component Installation: After applying the paste,
other electronic components are installed on tlok ba
side of the PCB. These components may include
smaller parts and fasteners.

Soldering the components: The components on the
back side of the PCB are then soldered, which essur
their reliable connection to the board.

Third quality control by employees: After soldering

a third quality control is performed, where empleye
verify the correctness and reliability of the coctien

of the components on the back of the PCB.

Manual installation of large components: This phase
involves manual installation of larger components
such as connectors or larger parts that requirgiaipe
handling.

Installation of the cooler: The next step is the
installation of the cooler, which ensures proper
cooling of the graphics card and protection against
overheating.

Testing: After the assembly is completed, thorough
testing of the graphics card is carried out, whire
functionality and correct functioning in various
conditions and loads are verified.

Packaging and subsequent shipment: The last step is
the packaging of the finished graphics card and its
shipment to the destination where it will be
distributed and sold to customers.

In the current production of graphics cards, d wita5
workers works on one shift. These employees have
different roles within the production process amelrtwork

is essential for the smooth running of productiatheut
downtime. Among the busiest and most important
employees are inspectors and workers responsiblindo
manual installation of large components. Contrslleave

Y key role in ensuring production quality. Their riwo
consists in checking and verifying whether all paahd
roducts meet the established standards and rewgiits.

heir job is to ensure that each graphics card is
manufactured with the highest possible qualitywitbdout
rrors. Employees responsible for manual instaltabf
afge components also have an important role. These
workers perform the demanding work of precisely
nstalling larger components that require specadiing.

heir task is to ensure the correct and reliableneotion

of these components to the graphics cardboardr Woek

requires expertise, care and skill. Paste appticati
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assembly and soldering of components is done usimgnich involves the assembly of large componentss Th
machines. change has the potential to bring several bensfiksh as
increasing the speed and accuracy of assembly and

2.2 Simulation of the current production process reducing the risk of error. In Figure 2 we can tee
Using the TX Plant Simulation software, we simutate innovative production process, simulated in the RlAnt

the current production process of graphics cardrably, Simulation software. The yellow rectangle marks the

which consists of 13 points, which are describeddtail updated place in the manufacturing process of tiyehics

in subsection 2.1. Table 1 shows the times of iddial card assembly.

production operations.

Table 1 Work of all machines in current production

Name of the operation Processtime|[g
Quality control 45
Paste application 20
Installing components 30 e
Soldering components 60
Quality control . 45
Paste application 20
Installing components 30 ‘ .
Soldering components 60 =
Quality control 45 o . . . . o
Installation of large compone| 20C Figure 2 Simulation of innovative production in 3D
|Tn:;2|r|]|(ng the heat sir 38 In Tab[e 2, we can see the times of each production
Packagin >0 operation in the innovative production process.

Table 2 Work of all machines in innovative prodoicti

Table 1 shows that the longest operation of the™Nameof the operation Processtime [g]
manufacturing process of graphics card assembthds lity control - 45
installation of large components. This operatide200 Quality T
Isnescon ds Paste application 20

o , Installing components 30
In Figure 1 we can see the current production @E®c -
in 3D. Solderingcomponents 60
Quality control . 45
Paste application 20
Installing components 30
Soldering components 60
Quality control . 45
Installation of large compone! 10C
Installing the heat sir 40
Testing 80
Packagin 20

In Table 2, we can see that the process time for
installing large components has been reduced to 100
seconds compared to the original 200 seconds in the
current production process.

The simulation of the innovative production procisss
set up for one work shift that lasts 8 hours.

Figure 1 Simulation of current production in 3D

The simulation of the current production processeis

up for one work shift that lasts 8 hours. 3 Resultsand discussion

We evaluate the efficiency results of the graphasl
assembly production process using the statistiepbrnt
offered by the Tecnomatix Plant Simulation software

2.3 Simulation of innovative production process
In the framework of the fourth industrial revolutighe
automation of processes is an important goal.drcttse of
this factory, it was decided to replace the humarkiorce
with two robots for the improvement of the tentraph,
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First, we evaluate the simulation results of therenut In Figure 3 we see the result of the current prédoc
production process. In both cases, the simulaitio@ its set  process.
to 8 hours.

Object Name Mean Life Time ThroughputlTPH Production| Transport|Storage | Value added Portion
Drain PCB 30.0000 235 29 66.67% 33.33%| 0.00% 0.28% | I

Figure 3 Results of current production

Subsequently, in Figure 4 we see the result of the
innovative production process of the graphics card
assembly.

Object Name ’Mean Life Time| Throughput| TPH | Production | Transport|Storage | Value added Portion
Drain PCB 30.0000 353| 44 66.67% 33.33%| 0.00% 0.19% | I

Figure 4 Results of innovative production

Based on the above results, the innovative progiucti significantly improve the efficiency, quality andverall
process achieved a significant improvement iperformance of graphics card manufacturing.
performance. The current production process alfonthe
assembly of 29 graphics cards in one hour and 285hgs Acknowledgement
cards in an eight-hour shift. After the implemeiotatof This article was created by the implementatiorhefgrant
the innovative process, performance increasqutojects: APVV-17-0258 Digital engineering elements
significantly. 44 graphics cards can be assembiegne application in innovation and optimization of pration
hour, which is 15 more than in the current procBssing flows, APVV-19-0418 Intelligent solutions to enhanc
an eight-hour shift, 353 graphics cards can benaldsel, business innovation capability in the process of
which is 118 more than at present. transforming them into smart businesses. VEGA 130203

These results indicate that the innovative producti Interaction of digital technologies to support s@fte and
process with the use of automation with the helpbbts hardware communication of the advanced production.
brings a significant increase in efficiency andduttivity.
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