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MODERNIZATION OF THE TRANSPORT SYSTEM CONTROL
OF THE PRODUCTION SYSTEM

Urgency of the research. Nowadays, it is crucial to keep up with modern technologies. Therefore, this work aims to
modernize the production system Festo MPS 500. Thanks to this, it will be possible to apply to the system technologies meet-
ing the latest trends in Industry 4.0. The MPS 500 system prepared in this way can be used to research new trends in accord-
ance with Industry 4.0. The modernized MPS 500 system will also find use in the education of students in the field of automa-
tion and mechatronics so that they are sufficiently prepared for practice.

Target setting. The goal of the research was to modernize the transport system of the modular production system Festo
MPS 500 according to Industry 4.0 platform.

Actual scientific researches and issues analysis. When upgrading the system MPS 500 and preparing this paper, we
took into account both current sources — publications and papers dealing with the current state of Industry 4.0 and modular
production systems as well as existing modular production systems based on Industry 4.0 platform.

Uninvestigated parts of general matters defining. At this stage of the research, data acquisition from the system MPS
500 and interconnection with the cloud was not realized.

The research objective. The purpose of this article is to modernize the MPS 500, which will allow focusing on Industry
4.0 research specifically for the deployment of Cyber-physical systems, Internet of Things, Big Data, Cloud Computing.

The statement of basic materials. Effective research of the new technologies in the industry requires to use modern systems
which meet the criteria of Industry 4.0 platform. So the original system Festo MTS 500 was upgraded by systems from Siemens.

Conclusions. The main aim of this work was to modernize the transport system of the production system MPS 500.
Elements of the system management were changed, and a new control program was created in the TIA Portal environment.
The functionality of the MPS 500 was subsequently verified, where the full functionality of the system was confirmed. It
makes the MPS 500 ready for further expansion in accordance with Industry 4.0.
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Introduction. Festo MPS 500 (Fig. 1) is an educational modular production system that helps
to teach mechatronics and automation [1]. It consists of a central transport system (conveyor),
process station, entry and exit station and assembly station with a robot. The transport system
(Fig. 2) is the brain of the MPS 500. Transport trolleys are used to move the assembled compo-
nents on the line. Up to 4 components can be placed on each trolley. All stations are interconnect-
ed with the transport system. Control of the stations and transport system is conducted by pro-
grammable logic controllers (PLCs). Communication between individual stations and the
conveyor is ensured via I/O (input / output) ports and AS-i (Actuator / Sensor interface) [2], [3].
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1 —distribution and testing station, 2 — process station, 3 — assembly station with a robot,
4 — handling and sorting station, 5 — transport system
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Fig. 2. Transport system of the MPS 5 00

All control elements of the transport system, including the PLC, frequency converter for
motors and cabling, are located in the control cabinet. All these elements are supplied via the
safety relay contacts. The original state of the control cabinet of the educational system MPS
500 before its modernization is shown in Fig. 3.

Fig. 3. The original state of the control cabinet:
1 — PLC Siemens SIMATIC S7-300 CPU 313c; 2 — Frequency converter Siemens MICROMASTER 420;
3 —Power supply unit; 4 — Safety relay pilz x9
Modernization of the transport system. The main criterion in the modernization of the
transport system of the MPS 500 was the use of modern components following Industry 4.0 [4].
MPS 500 is modular, so it can be extended to include stations that would perform other opera-
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tions, such as monitoring by a smart camera. With the camera, it is possible to monitor the cor-
rect machining of the component or to monitor the status of the component storage station. Lat-
er, it will be possible to extend the MPS 500 with sensors for detection of the trolley’s presence,
the presence of a component on the trolley, or the filling of the conveyor in front of the station.

Control system. Before the actual expansion of the MPS 500, it was necessary to upgrade
the control by PLC. Since we decided to use the Profinet communication bus, it was neces-
sary to use a switch with a suitable number of communication ports to connect the PLC with
each station. The control PLC must communicate with the stations and synchronize them with
the conveyor belt.

We chose the PLC S7-1500 CPU 1512C-1PN (Fig. 4) [5] as the control PLC. An important
indicator for selecting a PLC was the fact that it has up to 32 I/O ports for further system expan-
sion. Plus of the selected PLC is an integrated web server, which offers the possibility to display
diagnostic and service information remotely. This PLC also has five analogue inputs that can be
used to collect information from current, temperature, and other relevant sensors.

The SIMATIC S7-1500 PLC has two Profinet communication ports. This communication
bus will also allow the system to access the Internet and connect it to the cloud. Another reason
why we decided to use the SIMATIC S7-1500 PLC was that the lower-order PLC does not have
enough computational power to process the amount of data retrieved from the sensors.

Fig. 4. PLC Siemens SIMATIC S7-1500 CPU 1512C-1PN [5]

The PLC does not provide a direct connection of the communication module, so it was
necessary to use a decentralized peripheral. Siemens offers the SIMATIC ET 200 peripheral
for this purpose.

SIMATIC ET 200 offers a wide range of distributed I/O systems. There is a version in-
stalled in the control cabinet or without the control cabinet, installed directly in harsh indus-
trial environments. The device is also available with the protection up to I[P67. [6]

A SIMATIC ET 200SP with IP20 protection was used for our needs (Fig. 5). It is easy to
operate, ensuring maximum economy in a switchboard with a compact design and high per-
formance [7].
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Fig. 5. SIMATIC ET 200SP [7]
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To the decentralized peripheral SIMATIC ET 200SP, it was also necessary to connect an

additional module AS-i Master, which is a communication module for AS-Interface. The AS-i

master allows simple “field” devices to be connected to the SIMATIC ET 200SP via the AS-

Interface. Several AS-i Master modules can be connected to one SIMATIC ET 200SP. [8].
Fig. 6 shows the ET 200SP peripheral with AS-1 mastic attached.

Fig. 6. SIMATIC ET 200SP with AS-i Master [8]

Frequency converter. SINAMICS G120 from Siemens has been selected from the offer
of frequency converters (Fig. 7). It is a modular frequency converter for a variety of asyn-
chronous motor control applications. Various converter variants allow a wide power range
from 0.55 to 250kW. This series of converters are available in three voltage variants for con-
nection to 200V, 400V and 690V. Each SINAMICS G120 series frequency converter consists
of a control unit and a power unit. In the SINAMICS G120 series, each control unit can be
combined with each power unit.

The control unit controls and monitors the power unit and the connected motor with the
choice of the control method. It enables communication with central or local control as well
as with monitoring devices.

Fig. 7. Frequency converter Siemens SINAMICS G120 [9]

Basic functions of the SINAMICS G120 converter [10]:

* vector, torque control with or without speed feedback,

* precise stopping for a defined number of shaft (engine) revolutions,

* possibility to measure speed, frequency, current, temperature, torque, voltage, motor power,
« fixed power frequency or potentiometer for setting the engine speed,

* diagnostics and fault reporting,

* an automatic slow start after failure,

« adjustable switching frequency for silent motor operation.
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Installing new components. New components have been installed in the control cabinet —
PLC, decentralized peripheral SIMATIC ET 200SP, frequency converter SINAMICS G120 and
SCALANCE X208 switch for interconnection of all PLCs used on the system MPS 500. These
devices are mounted on a DIN rail. It was also necessary to connect the 24V power supply to the
SIMATIC ET 200SP. Subsequently, AS-i master and the PLC were connected with a network
cable to SIMATIC ET 200SP. The final state of the control cabinet is shown in Fig. 8.

Fig. 8. The final state of the control cabinet:
1 — PLC Siemens SIMATIC S7-1500 CPU 1512C-1PN; 2 — SIMATIC ET 200SP;
3 — Switch SCALANCE X208, 4 — Frequency converter Siemens SINAMICS G120

The control program. After the hardware changes were made, it was necessary to create
a new transport system control program to work with all stations in the MPS 500. The
transport system must be able to respond to any conditions that may occur during MPS 500
operation (such as empty trolley in front of the station). The control program was created in
TIA Portal in the LAD programming language.

TIA Portal (Totally Integrated Automation Portal) is Siemens software designed to create
custom applications for PLCs, distributed peripherals, network components and
communication components, HMI (human machine interface) panel design and extensive
SCADA (Supervisory control and data acquisition) visualizations. All of this is integrated into
a single software environment with an easy single-screen operation.

TIA Portal not only accelerates the creation of user applications but also has a transparent
and straightforward structure. The resulting control program can be easily modified or
supplemented. The program allows more accessible diagnostics in regular operation,
including maintenance and service of automation technology. With its characteristic system
features, TIA Portal supports the complete life cycle of the machine or devices [11].

Fig. 9 shows a demonstration of a control program that ensures the transport system
cooperates with an assembly station with a robot.

Experimental verification of system functionality. The testing was carried out to verify
the functionality of the whole system MPS 500. It was necessary to test all possible scenarios
that might occur while the program was running in order to correct errors in the control pro-
gram. The production cycle time required to test, process, assemble and sort one component
was also measured. The identified shortcomings were subsequently remedied, and the result-
ing solution is fully operational [12].
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Fig. 9. Part of the control program

Conclusions. The main aim of this work was to modernize the transport system of the edu-
cational line MPS 500. Elements of the system management were changed, and a new control
program was created in the TIA Portal environment. Used PLC and decentralized peripherals
SIMATIC ET 200SP fulfil their task without problems, and the control of the movement of
transport trolleys is performed as expected. All stations were connected via Profinet via
SCALANCE X208 switch. The Siemens SINAMICS G120 frequency converter can measure
current, temperature or torque values directly. The inverter has a port for connection to the PLC
via Profinet, that is, it sends the measured values directly via the data cable to the PLC, which
processes them. It is also possible to parameterize the converter centrally via the PC, thus avoid-
ing time-consuming parameter entry via the display or by using the buttons on the converter.

The next step in extending MPS 500 functions will be to implement an HMI panel on
which will be the process visualized. The HMI panel also has a Profinet connection so it can
be connected to the PLC via free ports on the switch. In the next phase, the MPS 500 will be
supplemented with additional sensors to monitor multiple parameters. The MPS 500 also
connects to the cloud, allowing remote control of the production process
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MOJAEPHI3AIIA YIIPABJIIHHA TPAHCIIOPTHOIO CUCTEMOIO
Y BUPOBHUYINA CUCTEMI

Axmyanvhicmo memu 00cnioxncennsn. B Oanuil uac, expaii 8axciuso, wjob umu 6 Ho2y 3 CYYaACHUMU MEXHOLO02IAMU.
Omoice, ysi poboma cnpsmosana na mooepuizayito eupoonuqoi cucmemu Festo MPS 500. 3aeosku yvomy modicna 6yoe 3a-
cmocysamiu 00 CUCIMEMHUX MEXHON02I, U0 BIONosioaroms ocmannim menoenyisim y Inoyempii 4.0. Iliocomosnena maxum
yunom cucmema MPS 500 mooice Oymu euxopucmana 0ist 00CAIONCEHHs HOBUX MeHOeHYTll 8IOnosioHo 0o Indycmpii 4.0. Mo-
Oepnizosana cucmema MPS 500 makodic 3naiioe 3acmocy8ants y HAGYAHHI CMYOeHMi8 y 2any3i agMOMAmuKy ma mexampo-
HiKU, W00 6OHU OVIU OOCNAMHBLO NIO20MOGIEHT 00 NPAKMUKU.

Ilocmanogxa npobnemu. Memoto docniodxcenns 6yna MooepHizayiss mpancnopmuoi cucmemu MoOyIbHOI 8UPOOHUYOT
cucmemu Festo MPS 500 6ionosiono 0o niameopmu Inoycmpis 4.0.

Amnaniz ocmaunix oocnioxcens i nyonikayiii. 11i0 yac onosnenns cucmemu MPS 500 ma nidcomoeku danoeo OOKyMeH-
my Mu 8paxyeanu sk Cy4acui odcepena - nyoaikayii ma cmammi, o cmocylomscs cydachozo cmany Inoycmpii 4.0, max i
MOOYNIbHI BUPOOHUYL cUCeEMU, 4 MAKOMNC ICHYIOHI MOOVIbHI UPOOHUYE cucmemu Ha 6a3i niampopmu [noycmpis 4.0.

Buoinenns nedocnioycenux wacmun 3azansnoi npoonemu. Ha oanomy emani docniodcens 30ip oanux i3 cucmemu
MPS 500 ma 63aemo036's130k 3 xmaporo 30iticnero He 6yio.

Ilocmanoeka 3ae0anns. Memoio yici cmammi € mooepuizayis MPS 500, wo 0o360nume 30cepeoumucst Ha 00CHIONCEHHSX
Inoycmpii 4.0 cneyianvho 0ns pozeopmanis Kibep@izuuHux cucmem, iHmepHeny peyeil, eIUKUX OaHUX, XMAPHUX 0OUUCTEHb.

Buknao ocnoenozo mamepiany. Eghexmughe 00cniodicents HOGUX MEXHON02IN y 2any3i nompedye GUKOPUCIAHHS CYHACHUX
cucmem, wjo gionogioaroms kpumepiam niamghopmu Inoycmpisa 4.0. Omoice, opuzcinanvra cucmema Festo MTS 500 6yna mooepni-
308aHaA cucmemamu upooHuymasa Siemens.

Bucnoexu ionogiono 0o cmammi. Ocrhosna mema yici pooomu noaseana 6 MoOOepHi3ayii mpancnopmHol cucmemu 6u-
pobruuoi cucmemu MPS 500. Enemenmu ynpasninua cucmemoio Oyau 3MIHeHI ma CmeopeHo HO8Y Npoepamy YPAsiHHs 8
cepeoosuwi nopmany TIA. [lomim @yuxyionanenicme MPS 500 Oyna nepegipena, de 6yia niomeepoicena nosHa hyHkyio-
Hanvricms cucmemu. Lle pooume MPS 500 comogum 00 nodanvuiozo posuupenis 8ionogiono 0o Imoycmpii 4.0.

Knrouogi cnosa: asmomamusayis, ynpaeninus, MooyivHa aupobruya cucmema, mparcnopmua cucmema; PLC; Inoycmpis 4.0.
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