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Summary

Management of production processes in modern enterprises is a very complex issue. Efficient and effective
functioning of enterprises is possible through optimization and automation of production processes. The
proper organization of production processes and the ability to adapt to continuous changes in the business
environment provide a competitive edge for a company. This article presents the optimization of the
manufacturing process execution through the implementation of the Manufacturing Execution System in
the audited company and the effects of changes as well as resulting benefits. The system of the MES class
implemented in the company has contributed to improvement of many areas of company's operations.
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Optymalizacja realizacji procesu produkcyjnego
poprzez wdrozenie Systemu Zarzadzania Produkcja
Summary

Zarzadzanie procesami produkcyjnymi w nowoczesnych przedsiebiorstwach jest ztozonym zagadnie-
niem. Sprawne i efektywne funkcjonowanie przedsiebiorstw jest mozliwe dzieki optymalizacji i auto-
matyzacji proceséow produkcyjnych. Odpowiednia organizacja proceséw produkcyjnych i umiejetno$c¢
dostosowania sie do ciagtych zmian w $rodowisku biznesowym zapewnia przewage konkurencyjna dla
firmy. W artykule przedstawiono optymalizacje procesu produkcyjnego poprzez wdrozenie Systemu
Zarzadzania Produkcja w firmie oraz okreslono efekty zmian, takze wynikajace z nich korzysci. System
klasy MES wdrozony w firmie przyczynit sie do poprawy wielu obszaréw jej dziatania.

Stowa kluczowe: firma, produkcja, optymalizacja, wizualizacja, MES, ERP, OEE, SCADA

1. Introduction

The dynamic development of industry observed in the recent years ha
resulted in the increased complexity of technological preseasd tightening
requirements for quality, efficiency and timeliness of productidme huge

Address: Joanna RUT, PhD Eng., Opole UniversityTethnology, Faculty of Production
Engineering and Logistics, 31 Sosnkowskiego S&-242 Opole, Marian BARTOSZUK,
DSc Eng., Opole University of Technology, Faculty Mechanical Engineering,
5 Mikolajczyka Str., 45-271 Opole. Correspondinthau: jrut@po.opole.pl



80 J. Rut, M. Bartoszuk

competition prevailing among the biggest industrial tycoons onldfxaignarket
forces the use of more and more modern, safer and more rgdiaulaction
process execution systems [1].

Optimization issues currently involve many areas. It ioatrevery day that
the increase in importance and of the number of available dootee market,
systems and technologies to optimize industrial processesbamrved. The
current quality of the tools to optimize technological processables acquisition
and processing of production data directly from production linea ivay
independent from the process itself. The acquisition of real-tlata from the
technological process execution is an important element ofmatwn systems
enabling tracing productivity of both machines and employees.

The efficient and effective functioning of companies is possillly due to
a wide use of the possibilities offered by the systems atdithddogies to
streamline processes in enterprises. Today, the preredoisgaccess of many
companies on the market is continuous improvement of processes. The
optimization of manufacturing processes is necessary to mecoaipetitive on
the market. Moreover, there are many examples which indicateghatization
may determine the existence of a company in the future.

The aim of this article is to present the optimization of tlaauffacturing
process execution through the implementation of the ManufactukaguEon
System (MES) as well as effects, changes and resulting benefits.

2. The examined manufacturing company

The investigated manufacturing company was created in 1997 gidysm
167 people. It specializes in mass manufacturing of productetef sheets, steel
strips, tubes and rods made by stamping, bending, punching and welding, which
can be welded, riveted and installed. The Company is clasaffiede of the most
dynamically growing businesses in Poland, which is confirmed they
membership in the elite club of Business Gazelles. The piolittye production
process of metal products for the automotive industry and gemmszaldevices
and steel structures is implemented according the Qualitalganent System
ISO/TS 16949:2009 and the international standard for Environmental
Management System ISO 14001:2015.

3. Functional problems of the company manufacturing process

The analysis of all stages of the production process eveahumber of
functional problems. It was found that even apparently well-fanictg company
has many areas which require optimization.

One of the main problems of functioning of the production departofi¢he
audited company was an inefficient system of the ERP (awerprise Resource
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Planning). The ERP system had production modules but they had not typical
characteristics of the software needed the effective gesment of the production
process. The frequency of data processing in the ERP systerslatagely low

and insufficient (as for production conditions) and the data weeeezl manually,
which was not optimal and insufficiently reliable for productibrwas the way

how the records of all necessary production operations restridmgplanning,
manufacturing and quality control were kept, which significangiguced the
effectiveness of production management. Daily manual entefaig from
production into the ERP system was increasingly burdensome and theye w
frequent mistakes and gaps in the data flow.

Another problem was maintaining continuity of production and problems
with increasing labor productivity. There were many disturbaniceshe
production line, which resulted from failures of machinery andipment.

It resulted in frequent downtimes, the lack of control of tlmekwof the entire
production line and the lack of reliable information on the perémrce of the
production line and each machine.

The next problem was associated with the area of the manufacturinggproce
execution (difficulties with the use of own potential); therere frequent losses
caused by not optimal planning of production orders, problems with the effective
management of production orders (orders were transferred to poodile
a paper form) and the lack of reliable information on opesaind their results.

An increasing difficulty was the delayed access to rea-tiata from every day
of production.

The problems found generated additional costs and resulted iacthefl
development opportunities for the company. Due to the need to optihgdze
manufacturing process execution, the company decided to implemeofttrers
of the MES class.

4. Manufacturing Execution System

The software of the MES class (Manufacturing Execution Sy$tésns
a source of reliable information from production lines. The MESems enable
tracking of production processes, machine performance and prodgutdty.
The production data are collected automatically which guaratieereliability
of the information obtained and then they can be used to improvdebeveiness
of existing resources and increase production capacity while aimang a high
quality of manufactured products [2, 3]. The MES systems ensurgication of
the use of resources (employees, machines, tools and matmlsynchronize
the key production tasks in real time in order to avoid atgydd4, 5]. The use
of MES in the company should give a lot of effects. Among them are [6]:

* reducing the number of manufacturing defects.

* improvement of quality,
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« easily obtain information to improve the production process, increase
productivity,

 extending the traceability of the product,

* reduction of paper documents and enabling automatic drivingatypic
calculations eg. Overall Equipment Effectiveness (OEE).

Furthermore, the MES coordinates tasks associated with theahfjgw
of materials within the entire enterprise from the productionkahop through
warehouses and ending with loading of the means of transporySteen allows
for combining ,transactional planning area with planning and manageme
of physical events occurring in milliseconds” [7].

It is very that MES systems are an excellent supportERP systems.
It translates into a significant increase in labor produgtiand efficiency
of production processes. Furthermore, the management comfort exraeg
decreases the risk of jams and mistakes in production is reduced.

5. Implementation of the Manufacturing Execution System
in the examined company

The main challenge faced by the company was the fast imptation of the
MES system, which would integrate all the areas of tmepany operations and
create consistent environment which would enable efficiewtdf data, dynamic
growth of production and would cooperate with the ERP system.

After a thorough analysis of the potential MES class soé&wanviders, the
company decided to implement the Mattec MES system of tredEompany.
The choice of the software of the Epicor company resulted fnenfact that the
Epicor is a leader in developing innovative software andofelutions carefully
tailored for manufacturing companies. The implementation of tag#eld MES
system covered records and control over all stages of the productiorsproces

The beginning of the Mattec MES implementation in the examined cgmpa
took place in July 2015. The system was based on a standalonessehtbe
remote mobile access via the Internet was provided besidesk®p access. The
implementation of the MES system included, among others:

 analysis of all levels of the organizational structure: ftbexmanagement
board to the operators of machines and equipment;

* integration with the ERP system: including the management of the
production schedule, automatic creation of production batches and irtormat
the production execution, tracking materials and processes, mogitofi
machinery and equipment operations;

* implementation of the database server for archiving prodats from
production;

» development and implementation of the data access interfacgatar
support;
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» development and implementation of the SCADA system for visuializat
of the current and historical production state.

The Mattec MES implementation process in the manufacturingpaoyn
took about 8 months and was completed successfully in February 2016. The
implementation of the MES system solved many common functiooblgms in
the company enabling real time control over the current extéhegroduction
process execution. The implementation of the MES in the companydneased
production efficiency of machinery and devices through elimination sketos
associated with their use. The reduction in the number of unplannedimesnt
and failures as well as an increase in productivity, imprare of quality and
reduction of costs of production were achieved. The real-ticuess to data
provided new possibilities. The company has gained an autoimfimation
flow and the acquired data from the production process enaldedhesis of key
performance indicators and give in real time and obtain apiciare of the
production potential of the company.

6. Important effects and benefitsresulting from the implementation
of the Manufacturing Execution System in the examined company

While analyzing important effects and benefits resulting frone
implementation of the MES in the examined company over 7 montims fflarch
to September 2016), it was noted that the productivity, quatity sales had
increased. The implementation of the MES enabled the autoomdiigction of
data on downtimes and calculation of the current value of the i@icator,
which contributed to elimination of errors resulting from swaments and
calculations performed manually to a large extent (Fig. 1).

Through integration of the MES with the ERP, the company obtaiaeg m
benefits. The following ones should be mentioned: improvement of productio
capacity and timeliness; better handling of events during proedugtiocess
execution; improvement of production management in real time. O#resfits
are detailed information about processes, the consisterft@atand the reduced
time of reporting as well as faster decision making.

Thanks to the use of the database server, it is possibleréodstta on the
production process, which may be used for data mining in the futuree Wikil
implementation of the SCADA system has provided an intuitnterfiace to
control production processes in the company. Thanks to the visigaizat
technique, it is possible to control, diagnose and monitor productionsgese
The SCADA system can be accessed from anywhere in the congpteytsaffic
maintenance service can faster diagnose failures and, fahitsh improves the
productivity of machinery and equipment. Moreover, the managemegaimes
the possibility to control current processes in the company on-line.
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Fig. 1. The distribution of OEE in the audited canp
with a moving average of the three periods

As can be seen in Fig. 1 to implement MES system improved OHtei
company by 9.64% (in the analyzed period). The company achieved ttezldes
value above 60%, which is the starting point for all activitieleted to the
continuous improvement of the value stream in terms of machinedy a
equipment.

7. Conclusions

The aim of this article was to present the optimizatiothefmanufacturing
process execution through the implementation of the ManufactuxaguEon
System as well as effects, changes and resulting bendfgsmplementation of
the Mattec MES system in the examined company enabled many siabstan
changes.

The MES system has enabled improvement and growth in functionthg of
company in many areas at the same time. The optimization thtbegMES
system carried out contributed to the effective momitprof the production
process execution. MES system has enabled the automatic tioollexf
information on downtime and calculating the real value of QElag with its
components (availability, performance and quality), eliminatirey nistakes
arising from the measurements and calculations performed by hand.

The MES system integrated with the ERP system providest arfid reliable
data exchange enabling an increase in the flexibility and p#eess of the
production. The implementation of the MES system contributed to atgagains
in production potential of the machine park and to developing improvements
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within traffic maintenance. The operations, which did not addreyhave been
also eliminated. The efficiency in the use of machinery aodymtion equipment
as well as the focus on productivity and profitability by redggroduction costs
were increased.

The production process visualization using the SCADA system psovide
valuable information on the process in a transparent and comprdaevesjb The
company has gained a possibility to take quick and at the sameire accurate
decisions in the context of the events, which occur in the production.
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