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Abstract: Industrial enterprises have access to advancéddéagies in production processes, as well asgisiics and
transport, which have also been modernized. Howeeetain production processes, including thogmlishing centers,
still present opportunities for further optimizatidVith the help of current technological innovaspthere is potential
for improvements in these areas, moving closenediilly realized Industry 4.0.

1 Introduction techniques such as optimization, artificial ingince,

Software simulation is a simplified representatiéra ~ €Xpert systems, and virtual reality.

real system through its simulation model. This miode Industrial enterprises today already possess velgti
describes only the characteristics of the reabsyshat are advanced technology in the field of production psses,
relevant for its study and simulation. The experitee but this is not limited to just this area. Logistiand
then conducts a series of simulation experimentis this ~ transportation processes are also sufficiently mozed.
model after verifying its logic and accuracy. Dgrithese However, there are still gaps in certain production
experiments, different possibilities for improvingne Processes that can be further optimized. Thanksient
modeled system are proposed, and their effectshen technological innovations, there is potential foproving
system are examined. The results of these expetsraea  the production process and thus bringing it closerfully

then applied back to the real system to improve if§alized Industry 4.0. _ _
properties. It is clear that simulation is not eedi tool for In the submitted article, the Siemens TecnomatxPl

Obtaining an Optima| solution. |nstead, it serves a Simulation software will be used to create a sirtiotaof
supporting tool that allows the experimenter tat the the polishing center. Tecnomatix Plant Simulatisnai
effects of various decisions on the simulation nhode ~ simulation tool from Siemens that allows simulatzmd
Modelling and simulation are important areas of theéptimisation of production and logistics systemd &reir
digital factory that allow businesses to answerstjoes Processes. Through Tecnomatix Plant Simulation TS
about modelled processes. Modelling is the procdss iS possible to optimise material flow, resourcdisztion
creating a simulation model based on availableinétion ~and logistics at all levels of planning in the camp. Tx
about the real system. Based on the layout of ¢aé r Plant simulation as a discrete event controlledyizim
system and its abstraction, we are creating a model takes points in time (events) into consideraticat tre of
which experiments will be carried out later [1,2]. importance to the further course of the simulati®och
Simulation is a representation of the real systechiss  €vents may, for example, be a part entering aostatt
dynamic processes in the model. As has already $mien leaving it or moving on to another machine [5-7].
at the outset, the simulation aims to obtain infation for
the real system, with its subsequent optimisatB][ 2 Description of the subject polishing
The advantage of this approach is the ability txjmt center process
the future behavior of the system and make negessar Thijs article focuses on the polishing line, whefe t
adeStmentS to the real System based on thesmiﬂSIg current production process, its parametersi armijta&re
digital enterprises, simulation has become a key far  described, followed by an analysis of the main dssu
dynamic analysis of complex systems. The lategtares  affecting the process. The polishing station fdt Sauds
results in the field of optimization are rapidiytegrated currently operates at a capacity of up to 3,80@qsieper
into simulation software. Simulation is supportegl beight-hour shift, with a half-hour break. Howeubere are
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several drawbacks that hinder the overall efficjeoicthe On Figure 1, the process of manufacturing stahilize
line. rods is schematically depicted.

Figure 1 Simplified diagram of the analysed process

The following Table 1 provides an overview of theball studs and their corresponding time requiresefie
necessary activities in the complete polishingeyot 232  polishing machine itself performs its task for odly375
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seconds out of a total of 1,683 seconds in one mp Considering the entire 7.5-hour shift, 18.4 cydas be
cycle, which accounts for 81.7%. The remaining lyearcompleted, resulting in an average cycle time &16.
19%, or approximately 312 seconds, is spent byvtréer  seconds.

on tasks such as loading, unloading, and othetivela The table provides an overview of the time requfoed
unnecessary activities. The current cycle time tleg various activities in the polishing process. ltuntes steps
polishing machine is between 7.25 and 7.37 secdrs. such as loading pieces into crates and "nestsratipg the
cycle time for the production worker is approxinhate55  polisher, and handling materials before and afisping.
seconds, which makes up 21.38% of the total cyele.t The polishing process itself takes 1,375 secontligethe
This percentage is the target for reduction throttgh total cycle time per shift is 6.31 hours. The puatis
proposed automation of the polishing center. Fa thremains inactive for 308—334 seconds during ttsé ¢ycle
second and subsequent cycles, the cycle time dees and 78 seconds in subsequent cycles. Additiortaiytotal
the operator can perform certain tasks, such adiiga working time of a person ranges between 292 and 318
pieces into the "nests," during the polishing pssce seconds.

Table 1 Time schedule of individual activities

Activity designation Total time[s]
Loading piecesintoa KL T crate (accor ding to the r eference) 26

L oading 232 piecesinto " nests' 23C
Loading "nests' and KL T cratesinto the polisher 17
Activating the cycle on the control panel and on therobots 13
Inserting the movable pallets of the polisher inwards 8
Poalishing process (polishing timein active state) 137¢
Extending the movable pallets of the polisher outwards 8
Moving KL T cratesonto a pallet 29
Removing empty " nests' 3
Current cycletime of palishing pieces 5,7
Total cycletime for one 7.5 h shift 6,31
Thetime of the polisher in theinactive state during the first cycle 308-334
Thetime of the polisher in the inactive state during the second and subsequent cycles 78
Thetotal time of a person at work 292-31¢

3 Proposal for the optimization of the particular, appears to be a critical issue thatuireg

polishing center optimization or partial automation to potentiallljpfe_ase

h the line's output. From previous experiences inagany

other production lines, it is possible to applyealty
established methods of supplying individual paotshe
pplishing line, ensuring standardization within the
company in case of various errors and issues.Mithisave
both time and money, while also minimizing unwanted
complications. The most common and simplest saiutio
would be the implementation of transport systems in
yyarious configurations. These systems will alsovig®
solutions to other problems, such as the unnegessar
ritoppage of the polishing center approximately ye s
minutes, which is linked to the handling of emptlTK
trays or "nests."

The presented article will describe the optimizatio
design for the polishing center by applying a dpira
vibratory conveyor, which would also include a rese
for the ball pins. Based on sufficient vibratiorthe
movement of the ball pins would occur along theapi
moving upwards toward the horizontal vibratory guids
in the previous solution. This described assengshown
in Figure 2. Since these conveyors are already imstrgb
for certain processes, the mentioned

The main goal of this publication is to simulate t
verification of the polishing center optimizatioresign
using Siemens Tecnomatix Plant Simulation software
address deficiencies in the process and increase
efficiency. The primary deficiencies in the polisgicenter
process are considered to be three problems ightif
during the active state of the line. These inclive
manual tasks performed by the production workexdiiog
232 unpolished ball pins into designated "nestst al
subsequently placing them on the sliding pallettief
polishing center and then removing and placing t
polished ball pins into the finished parts area rmeptacing
the empty trays on the movable pallet of the poligine,

a process referred to as palletizing. These tdsksequire
the manual pressing of a button on the control lpameits
subsequent confirmation on the robot control parie
third problem with the line is the activity of tfiest pair of
robots used for handling the ball pins, i.e., pigkihem up
from the "nest," tilting them with a fixture, pasgithem to
the second pair of robots for the polishing processl
placing the polished ball pins into trays for fimésl parts.

Based on a thorough analysis and monitoring of tHePmpany

line, it was considered that the first problem dibsd, in
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standardization would be achieved while optimizinghem to the polishing station for polishing andseduent

another line.

P e I
e =
e

Figure 2 Viratory bowl feeder

4 Description of the proposed polishing
center optimization

air cleaning.

robot

y vibrating screed \)

[ ]

conveyor system

box storage
area

L]

component
handling
system

Figure 3 Simplified layout of the polishing centising a
vibratory bowl feeder

The design will implement new transport systems for

loading the ball pins into the polishing centecluding a

In the absence of the first pair of “rotating” regat is

magnetic 3-axis feeder, a staircase conveyor, amd tnecessary for this rail to deliver the ball pinghathe

vibratory rails on both sides. For the output sextiwo
dual-level conveyors with elevators will be used tioe
overall movement of KLTs, i.e., both input and auitf he
design also includes the complete removal of tts fiair
of robots, which were previously required for rotgtthe
ball pins and feeding them to the second pair bbta

The overall layout representation for this propdsal
shown in Figure 3. The required orientation oftib# pins
will be ensured by the vibratory rails. The equipinaso
includes a camera with a sensor to monitor the ftdw
polishing paste. The optimization includes all reseey
documentation and certification.

The function of this setup involves the production

worker loading unpolished ball pins into the resanfor
the magnetic 3-axis feeder. This reservoir shoeldabge

ability to grasp them by the thread. After the gloiing and
air cleaning process, the robot will drop the tigd ball
pins into prepared KLT trays. Once a certain nuniber
reached in the KLT tray, approximately 250 patis, tray
will be moved to the palletizing station, and a nempty
tray will be brought in by the elevator. This cycbpeats
until the required number for a specific refererise
polished.

5 Simulation of the proposed polishing
center optimization in software Siemens

Tecnomatix Plant Simulation
For the described proposed solution, a digital rhofle
the final state of the line will be created. Simg=have the

enough to accommodate the necessary number offpartsnecessary components and the required times and

the entire shift. The worker must also load emptyTK
trays onto the conveyor system for later fillingtiwi
finished ball pins. After these activities, the wer can
activate the polishing cycle. The magnetic feedértake
a certain number of unpolished parts from the xeseand
move them into the hopper for the staircase feddam
which the parts will be further transported to tbiots via
vibratory guides. A specific feature of these vibra
guides will be the ability to move the ball pinsthkat the
robot can grasp them by the thread and immediatelye

parameters, creating the digital form of this dolutwill
be straightforward.

Initially, a source in the form of a Source will be
required, represented by a reservoir with unpotigberts,
MU Part, which will be placed under a manipulator
designed with thBickAndPlacdunction. The manipulator
will move the parts to the Buffer function, and rihe
conveyors will follow, including the staircase cewyor
and two linear vibratory conveyors to both sidesha
Conveyor function. These parts will then be tramnsgabby
a pair of robots, using thHeickAndPlacefunction, to the
polishing and air-blowing station in the form of a
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ParallelStation After these operations, the finished partsrays are represented as MU Container. The KLTstray
will be placed into KLT trays on a dual-level cogee have a capacity of 250 parts, and only five of ¢higays
system. The lower part will contain empty KLTs, lglthe can be on the conveyors at any given time. Thigeent
upper part will hold full trays. The loading andleeding section is shown in Figure 27. For this case, etlessary
of trays will be handled by the operator at theilveigg of parameters and speeds, as well as the total shigth
the shift, or when all five trays are filled. Thenweyors (7.5 hours), were also configured.

are designed using the Conveyor function, and thé K

Figure 4 Simulation of the proposed polishing eent
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