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Summary

The competition of international manufacturing networks creates pressure to
increase the efficiency of manufacturing systems. In addition to this, indicative for
the present period is the fact that the number of technical components in many
products is increasing, and at the same time the requirements are growing for
corresponding assembly, transport and logistical processes. These requirements
can be administered and recognized in the scope of their complexity only through
the use of an array of rapid and efficient methods in the form of a digital factory.
This contribution points to the practical application of the Plant Simulation software
module from the portfolio of the digital factory of Siemens PLM. This complex
instrument with an environment for controlling the life cycle of a product enables
repeated utilization of data, supports effective cooperation between individual units,
and provides relevant data for each user who needs it, mainly from the viewpoint of
strategic decision-making. The simulation of the entire flow of material, including all
relevant divisions of manufacturing, storing and transport activities, is considered
as the key component of the digital factory in industry and from this day forward is
the most often used.

Sazetak

Rivalstvo medunarodnih mreZa proizvodaca stvara pritisak kako bi se povecala
ucinkovitost proizvodnih sustava. Osim toga, svojstvena za sadasnje razdoblje jest
cinjenica da broj tehnickih komponenti u mnogim proizvodima raste, dok istovremeno
rastu potrebe za odgovarajué¢im procesima sastavljanja, prijevoza i logistike. Ove
potrebe mogu se primjeniti i prepoznati u svojoj sloZzenosti samo kroz upotrebu niza
brzih i uc¢inkovitih metoda u obliku digitalne tvornice. Ovaj rad ukazuje na prakti¢nu
primjenu software modula simulacije postrojenja iz portfelja digitalne tvornice Siemens
PLM. Ovaj slozeni instrument koji ima uvjete za kontrolu vijeka trajanja proizvoda
omogucuje ponovnu upotrebu podataka, podrzava ucinkovitu suradnju individualnih
jedinica i daje relevantne podatke svakom korisniku koji ih treba, uglavnom sa
stanovista strateskog odlucivanja. Simulacija cjelokupnog kretanja materijala,
ukljucujuci sve relevantne dijelove proizvodnje, pohrane i prijevoza, smatra se kljucnom
komponentom digitalne tvornice u industriji i u najnovije doba se najcesce koristi.
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The purpose of running simulations varies from strategic to
tactical up to operational goals. From a strategic point of view,
users answer questions like which factory in which country
suits best to produce the next generation product taking into
account factors like consequences for logistics, worker efficiency,
downtimes, flexibility, storage costs, etc., looking at production
strategies for the next years. In this context, users also evaluate the

flexibility of the production system, e.g., for significant changes of
production numbers - a topic which becomes more and more
important[1]. On a tactical level, simulation is executed for a time
frame of 1-3 months in average to analyze required resources,
optimize the sequence of orders, and lot sizes. For simulation on
an operational level, data are imported about the current status
of production equipment and the status of work in progress to
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execute a forward simulation till the end of the current shift. In
this case, the purpose is to check if the target output for the shift
will be reached and to evaluate emergency strategies in case of
disruptions or capacities being not available unexpectedly[4].

TOOLS AND METHOD

The application part of the presented paper is derived from the

basic framework model of digital workplace creation. This model

consists of the following steps:

1. Video analysis of workplace - a fast identification of the input
requirements using “video-data”.

2. Simulation of a manufacturing system

VIDEO ANALYSIS

Video analysis (Fig.1 ) of employment is helpful for modeling
that after a comprehensive inspection of video and audio
recording is possible to identify critical points in which there are
an unacceptable job positions and disruptive external influences
working environment.

SIMULATION OF A MANUFACTURING SYSTEM

The simulation model of a manufacturing system for the
production of crown caps (CC) in an organization was compiled
using the Plant Simulation instrument for simulation of discrete
systems (hereinafter the software) from the portfolio Tecnomatix
from the company Siemens PLM.

Creation of a simulation model of the manufacturing system
of organization

The model is made up of objects representing the individual
processes of a manufacturing system which create added value
and objects representing the input of material to the process of
processing and the output of products from the process.

Defining the goals of the simulation
The goal of the simulation of an organization’s manufacturing
system is to identify time reserves in manufacturing processes
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and to propose measures to minimize these reserves. The
proposed measures are subsequently implemented into
the simulation model and through changes of the current
parameters of processes how the changes introduced in the
course of the processes are reflected on the overall productivity
of the manufacturing system and the increased transport of the
individual products is determined.

The simulation model contains these processes:

- lacquering of sheet metal - line LTG2,

- pressing of the sheet metal - line LTGT1,

- setting of the lacquer - 24 hours (without equipment),
- CCproduction - 2 series of SACMI lines.

In the simulation model the share of processed metal sheets
will be considered as a service (59%) in the output from line LTG1
and as the input to the process of setting-out (41%); thus, the
amount of processed metal sheets will be monitored with regard
to their further use.

Selection of input data and compiling of the simulation model
The collection of input data was carried out by video analysis,
by observation and measuring in the operation, by interviews
with the individual operators of the equipment and by analysis
of the statistical outputs of the internal information system.
The collected data were analyzed and converted into the form
required by the simulation software. One pallet of sheet metal,
which represents 1340 pieces of sheet metal, was selected as 1
unit of production (1 entity in the software). The exact number
of sheet metal pieces on one pallet shifted in the range of 1260 -
1420 sheets, depending on the thickness of the sheet metal.
The simulation model considered the following parameters
(seeTab. 1):
- period of processing,
- period of setting the equipment,
- duration of achange of lacquer, colour and average frequency,
- duration and frequency of planned maintenance,
- period of setting of lacquer and capacity of the place for
setting.
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Figure 1 Video analysis working place

Source: Authors
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Table 1 Input data on the operation of equipment used in the simulation model

Object  Processingtime  Adjustmenttime sfter SSCK SRS changing  plac for setting of
colour per change  lacquer/colour the lacquer
LTG2 22 min. 0 2 30 min. -
LTG1 24 min. 1min.33s 8 30 min. -
SACMI 1,2 3 h.21 min. 1min.33s - - -
Buffer 24 h. 0 - - 15 pallets

For all equipment the parameters for planned maintenance  the individual pieces of equipment is in comparison with the
in the sense of the maintenance plan were defined in the duration of individual processes omissible, and these parameters
software (see Tab. 2) were incorporated into the time for setting the equipment.

Table 2 Input data on operation of the equipment used in the Description of the simulation model

simulation model The material enters into the material flow in object LTG2, which

Type of maintenance Distance Duration represents the lacquering line, including the gas-fired oven.
Daily 8h. 15 min. The period of operation of the object is limited by the interval

Month 30 days 8 h. and the duration of the planned maintenance and the interval

of duration for a change of the lacquer. Object LTG2 generates
In the simulation models (see Fig. 2) the dispositional solutions 1 entity (representing 1 pallet of sheet metal) every 22 minutes
of the workplaces were not taken into consideration, because the  (see Fig. 3).
transport tracks of the material and time of its transport between
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Figure 2 Simulation model of a real manufacturing system

Name: |LTG2 l B [JFailed
Label: | | O [Pemned v |[JEsitiocked E ome: [G2 " |8 Clrekd
Attributes | Failures | Controls | Exit Strategy | Statistics | User-defined Attributes | Label: | O |Planned v| IDE"'t locked
Operating mode: [V Blocking o | Attributes | Faiures | Controls | Exit Strategy | Statistics | User-defined Attributes
Time of creation: Interval Adjustable v | [ [l Active O
[ vew | | Edt | | ek |
Interval: |Const v/ | 22:00 = Active Name Mode Start | Stop | Interval | Duration
v i :00: :
Start: |Const v| ‘ 0 ‘ o I_ Zmenovaldrzba | OperatingTime 0 0 8:00:00 15:00
- [¥ |MesacnaUdrzba | OperatingTime 0 0| 30:00:00:00 8:00:00
Stop: |C°"5t VI l g ‘ a |7 Zmenalaku OperatingTime 0 1] 4:00:00 30:00
MU selection: |Constant vl O
MU: | =.Mus Entity -] m

Figure 3 Setting of object LTG2
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The generated entities subsequently enter into the process
of colour-printing of the metal sheets, which in the model is
represented by object LTG1 (the printing line). The operation
of object LTG 1 is defined by the period of processing 1 entity
in 24 minutes and limited by the time interval setting of 1
min. 33 s after the processing of each entity, the period and
duration of the planned maintenance and the interval and
duration of a change of colour (see Fig. 4).

After processing in LTG1 the flow of material is divided
into two lines, which represent the division of manufacture
for service and the actual processing of metal sheets for the
purpose of CC manufacture.

100% of processed entities is then divided into the
following objects as follows:

- 59% of entities head for connector 1> to the object Service,
which extracts the entities from the manufacturing
process,

- 41% of entities head to connector 2> to the object Buffer,
which represents the place in the operation where the

processed metal sheets for the purpose of CC manufacture

stand for 24 hours due to the setting of the lacquer.

The object Buffer is defined by the capacity of 15 entities
and the period of processing of 24 hours. After the passage
of this time the Buffer shifts the individual entities to the
following process of manufacture by means of FIFO - First In
First Out (see Fig. 5).

The final objects in the simulation model, which form the
added value, are SACMI1 and SACMI2. The Buffer divides the
entities equally between these 2 objects, according to their
occupancy. These objects represent 2 series of SACMI lines, on
which the manufacture of CC runs (the striking of the caps from
the sheet metal, application of the insulation). The objects are
defined by the period of processing of 1 entity for 3 hours 21
min., the setting up time of 1 min. 33 s after each processed
entity and the interval and duration of planned maintenance
(see Fig. 6). After processing the object moves the entity to
the CC object, which extracts the processed entities from the
manufacturing process.
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Open List E =
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Figure 4 Setting of object LTG1
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Figure 5 Setting of object Buffer
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Figure 6 Setting of object SACMI1

RESULTS, DISCUSSION AND CONCLUSIONS

On the basis of the monitored simulation representing 30 days
of manufacturing and the statistics generated by the software
3 places in the production system were determined as having
potential for improvement:

1. In the scope of the total operation time of object LTG1 they
form a significant part of the idle time caused by a change of
colour. The object Buffer is 100% loaded for more than 70%
of operation time, which may be caused by:

Long period of processing (24 hours).

Insufficient capacity of the SACMI lines.

With simultaneous setting up of the simulation model the
manufacturing system in the course of 30 days duration of the
simulation produces:

598 entities for the output Service, which represents the
number of pallets of sheet metal processed as a service,
398 entities for the output CC, which represents the number
of pallets of sheet metal processed for CCs.

In the continuation of this contribution solutions to
these problems will be proposed, their introduction into
the manufacturing system will be simulated in the presentation
by the basic simulation model through the simulation
experiments. The experiments will be performed so that the
model of the manufacturing system will be implicitly inserted as
the original copy and the parameters of objects will be modified
in the sense of the proposed solution. The resulting statistical
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Figure 7 Use of the operation time of the equipment
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outputs are compared with the outputs from the basic model.

This contribution originated with support of SOVA
DIGITAL a.s. as the exclusive supplier of PLM (Product Lifecycle
Management) solutions from Siemens PLM Software for
Slovakia.

This paper was elaborated during realization of the project
APVV-0337-11 “Research of new and newly arising risks in the
industrial technologies in terms of the integrated safety as an
assumption of a sustained development management.”

This paper was elaborated during realization of the project
University Science Park TECHNICOM for Innovation Applications
Supported by Knowledge Technology, ITMS: 26220220182,
supported by the Research & Development Operational
Programme funded by the ERDF

REFERENCES

[11 Bangsow S. (2010). Manufacturing Simulation with Plant Simulation and
SimTalk, Second edition, Springer Springer-Verlag Berlin Heidelberg: p. 297,
ISBN 978-3-642-05073-2.

[2] Hrozek, F, Sobota, B. Szabd, Cs., Kore¢ko, S., Varga, M., Ivanéak, P. (2011).
Augmented reality application in parallel computing system, 7* International
Workshop on Grid Computing for Complex Problems, Bratislava, Slovakia, 24
-26 October 2011,Ustav Informatiky SAV, 2011, pp.118-125,978-80-970145-
5-1.

[3]1 Korba P, Pila J., F6z6, L..Cibereova, J. (2014). SGEM 2014 : 14th international
multidiscilinary scientific geoconference : GeoConference on Informatics,
Geoinformatics and Remote Sensing : conference proceedings : volume 1 :
17-26, June, 2014, Albena, Bulgaria. - Sofia : STEF92 Technology Ltd., 2014 P.
399-406. - ISBN 978-619-7105-10-0

[4] Korba P, PilaJ. (2013). Aplikacia Cax Systémov Pri Projektovani Konstrukénych
Uzlov VrtInika, 1. vyd. - Putawy: Zaktad Poligraficzny WIStA, 191 p. ISBN 978-
83-937543-3-5.

[5] Hovanec M., Sinay J.,, Pacaiova H. (2014). Application of Proactive Ergonomics
Utilizing Digital Plant Methods Based on Augmented Reality as a Tool
Improving Prevention for Employees - 2014. In: International Symposium on
Occupational Safety and Hygiene: 13. - 14.2.2014: Guimares, Portugalsko P.
182-185 Guimares : SPOSHO, 2014, ISBN : 978-989-98203-2-6

[6] Pila, J. - Adamcik, F. - Korba, P. - Antosko, M. (2014). Safety Hazard and Risk
in Slovak Aviation Regulations - 2014. In: Our Sea, International Journal of
Maritime Science and Technology. Vol. 61, no. 1-2 p. 27-30. - ISSN 1848-6320

[71 Hovanec M., Varga M., Sobota B., Pacaiova H. (2012). Inovativne trendy a
vizie v ergondmii vyuZitim rozsirenej a virtualnej reality. In: Aktudlne otazky
bezpec¢nosti prace: 25-th International conference, Strbské Pleso - Vysoké
Tatry, 06.-08.11.2012. p. 1-7, ISBN 978-80-553-1113-5.

[8] Lestyanszka, Skurkova, K. (2013). Using the shewhart control charts by
process control. Production Engineering Archives. - ISSN 2353-5156. - C. 1,
s.29-31.

[9] Lisuch, J., Gonos, J. (2014). Use of logistic approach in optimizing the rotary
kiln run, Applied Mechanics and Materials. Vol. 483 p. 518-523. ISSN 1660-
9336.

[10] Smutna, M., Dulina, L. (2010). Metddy a softvérova podpora v priemyselnej
ergonémii, CD. Slovenska ergonomické spolocnost (SES) 2010, 146 s. ISBN
978-80-970525-6-0.

[11] Martinka J., Hroncova E., Chrebet T,, Balog K. (2014) The influence of spruce
wood heat treatment on its thermal stability and burning process, European
Journal of Wood and Wood Products, Springer Berlin Heidelberg, Volume 72,
Issue 4, pp 477-486, ISSN: 1436-736X;

[12] S¢urek, R. (2008): The Improvised Explosive Device threat to air transport,
Academic journal Mechanics, Transport, Communications, Tododr
Kableshkov Higher School in Sofia, Gabrovo Technical University and the
Lyuben Karavelov Higher School of Construction in Sofia, Bulgaria

[13] Rupova, M., Skréhot, P. (2009) Actual questions about safety at work with
nanomaterials  NANOCON - 1st International Conference, Conference
Proceedings

M. Hovanec et al: Plant Simulation as an Instrument of...



