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FOR EXPERIMENTAL PRODUCTION SYSTEM

Urgency of the research. Modern trends in the industrial communication focus on implementation of new communica-
tion protocols, wireless data transfer at reduced costs. Communication part of every automation system is crucial and relia-
bility of these systems is very important.

Target setting. When designing automation systems and solving connection of different devices, developers have to
solve the various aspects as addressing, data rates, data security, etc. The modern Ethernet based communication protocols
and data transfer technologies provide significant cost and work reduction.

Actual scientific researches and issues analysis. To prepare this paper, different publicly available datasheets and ex-
perimental solutions were analyzed as well as conclusions of our previous experiments were used to create the knowledge
base about this research topic.

Uninvestigated parts of general matters defining. Since there are many different communication solutions, wired and
wireless too, and every manufacturer of industrial devices provides its own best solution for communication there is large
amount of solutions. This paper is insufficient to describe them all.

The research objective. In this article, different communication and connection technologies were analyzed for future
implementation to an existing experimental production system at the Department of Automation, Control and Human-
Machine Interactions.

The statement of basic materials. To integrate an existing model of industrial production system to the concept of the Industry
4.0 it is necessary to implement the newest communication technologies. Using Ethernet-based communication protocol, such as
Profinet with combination of 10-Link provides good basis to solve this issue.

Conclusions. The proposed paper provides possibilities of extending the communication interface for the FMS-500 ex-
perimental system. This system is currently based on programmable controllers S7-300 and the PROFIBUS communication
interface. The planned rebuilding of the assembly system involves the exchange of programmable controllers, the expansion
of communication protocols and the integration of new functionalities.
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Introduction. The development and advancements of automation tools and IT technolo-
gies require the application of contemporary software and hardware solutions both in practice
and in teaching. In order to meet the increasing demands of the labor market in automation,
practical skills and knowledge together with modern means and tools are essential.

A theoretical analysis of the problem is not sufficient for a better understanding of the
communication interfaces, it is necessary to gain and check the knowledge using practical tasks.
The FMS-500 experimental workspace at the department of Automation, Control and Human
Machine Interactions was designed to provide a practical demonstration of work with industrial
line, but it is necessary to update current status by adding a new communications applications.
This update involves reconfiguration of an existing automated production line, replacing con-
trollers, exchanging technical resources, and adding new components to the system.

This is a large project that consists of several subtasks. They are focused on identification
of new hardware, designing new workplaces and related components, communication ad-
dressing between individual system components, and communication with system itself over a
remote communication interface.

This paper focuses on the communication interfaces used in the existing system and the
possibilities of replacing them with new, innovative technologies to be used in the Industry
4.0 platform [1-3].

Experimental production system. Flexible assembly system FMS-500 was developed by
Festo to bring industry technology to students and educators. It serves as a demonstration tool
for creating automated systems that consist of sensors, controllers, actuators and communica-
tion interfaces.

In its present form, the whole system uses PROFIBUS communication technology. It cre-
ates a link between the individual controllers of the system stations, the Siemens S7-300 PLC,

and personal computer which serves as the monitoring station of the on-going process.
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The structure of the FMS-500 system is shown in Fig. 1, but our workplace does not con-

tain all possible system modules. Our line consist of stations for: distribution, testing, submis-
sion and sorting [2; 3].

Fig. 1. Experimental production system — FMS-500

Communication systems can be divided into 3 layers:

1. The layer of sensors and actuators provide real-time communication. These networks
are the lowest level of control, and data and power are transmitted on a common transmission
medium. Such networks are: AS-Interface, Interbus, HART, etc.

2. Layer of bus devices is used to communicate programmable machines. It is used to
connect I/O devices, real-time control devices. It uses longer frames for communication to
configure the actuators and sensors. Here we can include networks like: DeviceNet, Interbus,
CAN, and so on.

3. The layer of industrial communications collectors is at the highest level in the industri-
al network hierarchy. Typically, these are dual-band networks. They allow manage service
events, transfers of object-oriented data and variables. These include networks such as: Profi-
bus, P-Net, WorldFIP, etc. [4,5]

PROFIBUS. PROFIBUS is the name of the standard for PROFIBUS and PROFINET
bus. It is an open operating bus regulated by IEC 61158. By means of one bus cable,
PROFIBUS connects the controller and the control system with decentralized operating de-
vices (actuators, sensors) and also enables the exchange of data with higher communication
systems. PROFIBUS is built as a modular communication channel, which also includes the
communication protocol itself. With modularity, it is possible to specialize communication to
various tasks such as motion control (PROFIdrive) or integration of HART devices, and so
on. This creates different PROFIBUS profiles such as: PROFIBUS PA, PROFIBUS DP,
PROFIdrive, PROFIsafe and more.

For a simple and low-cost communication solution, RS-485 communication is recom-
mended. Transmission speeds range from 9.6 to 15,000 Kbit/s, depending on the media used,
and the number of nodes in that segment is limited to 32 and 126 across the network. Uses
circuit topology, tree, and circle [4].

PROFINET. We have decided to replace the existing communication channel and the
network with PROFINET communication. PROFINET is an industry-standard with physical
layer Ethernet that ensures long-term compatibility with other manufacturer's products.
PROFINET uses the same Ethernet as IT solutions, and is adapted to industrial conditions.

Integrated Ethernet communication, meets the broad requirements for data transfer.
Communication takes place through the same cable in every application, from simple control
to drive applications.
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Using the flexible structure, the network can adapt to the physical structure of traffic, thus
can eliminate costly, special communication solutions. The advantage of Ethernet is also the
ability to combine wired and wireless solutions. As a result, Wifi and Bluetooth communication
are seamlessly integrable into networks with real-time access to data. In Figure 2 an example of
a Profinet network is shown that combines fixed and wireless communications [4; 5].
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Fig. 2. Example of Profinet network [5]

IO-LINK. It is an independent interface solution between sensors and actuators for use
with PROFIBUS and PROFINET. I0-Link is a point-to-point interface for low cost
smart/intelligent devices that work at the lowest level of automation. These devices have been
"on/off" in the past, but they are currently gaining new features and capabilities such as pre-
configuration during operation, greater resolution and improved performance.

In addition, they include higher computing performance and require faster, more intelli-
gent communication with control devices. IO-Link is flexible because it is designed to work
with standard devices without modification so its integration and creation of the IO-Link net-
work is simple. This technology is expanded due to independence of the bus and the manufac-
turers, thus enabling the components of various systems to be connected seamlessly.

Our department is currently working with Balluff, which represents its components as the
leading manufacturer of 10-Link elements. The company portfolio covers sensors, high-
precision positioning systems, industrial identification systems, object and fluid measurement
systems, and network and interconnect devices.

The main component of IO-Link networks or subnets are master modules that represent an
[0-Link communication control unit. The Profinet IO-Link master module is predetermined
by the built-in system in which Profinet is the main communication bus. This module con-
nects standard and IO-Link elements and collects and sends data using Profinet. [6]

MINDSPHERE. Cloud offers, in addition to the flexible availability of the necessary re-
sources for data storage and processing, also a basis for the horizontal linking of different
places. If we want to connect our business, operation, or process to the Industry 4.0 concept,
we need to decide whether to provide our data to an external service provider or to use a plat-
form that creates an internal network protected from foreign access. All machines and pro-
cesses produce a lot of unused data. MindSphere is an open loT operating system based on
cloud technology. It is a data sharing platform that enables the connection of devices and
functions and data transfer to MindSphere [7; 8].

The key components of MindSphere are:

— An open interface for connecting devices, machines, departments — in a simple and
secure form.

— MindSphere products such as MindConnect IOT 2040 and MindConnect Nano — ena-
ble to capture machine and operating data and transfer them to MindSphere.

— Data-based services - tools for machine analysis, energy analysis.

— MindApps - applications for predictive monitoring and intervention.

— Development platform for creating custom applications.
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MindSphere serves to monitor world-wide manufacturing plants, machines and equip-
ment. Subsequent data can be used for predictive maintenance, energy management, and stock
and resource optimization with platform applications.

In addition to integrated applications, it is possible to create custom applications and make
data available to third parties for analysis and processing. This platform creates a new space
for application developers who can offer data processing services. In Figure 3, there is a
MindSphere environment in which the processed data is displayed [7; 8].
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Fig. 3. Visualization of data - MindSphere

For integration of our experimental workplace into Industry 4.0, we have decided to use
the Siemens MindSphere platform to create a remote interface for access to the processing of
data produced by system.

RFID. It is a technology for identifying people, objects, products, cities, and so on. The
main components of the technology are the read and write device and the data carrier with the
antenna. The data carrier provides a unique identifier, and specifies the exact name, descrip-
tion, or characteristic of the scanned object.

An important advantage over a barcode is that the reader does not have to be placed accu-
rately, and it is possible to load the data even from a larger distance based on the reader used.

Frequent problems with RFID are the collisions of the signals of either the readers or the
tags. Reader collision occurs when two or more heads overlap and the carrier cannot answer
to multiple requests. The collision between the tags occurs when several tags are in a small
location, one reader head is requests data, and multiple tags respond.

As one of the new features of the experimental workplace, we wanted to complement the
industrial identification. Based on our experience, we have chosen Balluff's RFID compo-
nents (Fig. 4). With its BIS product family, it meets all the requirements of industrial identifi-
cation in a modern environment, from low to high frequency. With the control unit, the ele-
ments are easily connected to each other and to the IO-Link network [9].
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Fig. 4. Components of 10-Link [9]

Siemens SIRIUS ACT. Rapid industrial development places increasing demands on sup-
pliers of automated systems. This pressure has created new interconnection technologies that
greatly accelerate the integration and integration of components.
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SIRIUS ACT connects the buttons and signaling devices directly to the control unit and
HMI devices via the PROFINET interface. Other advantages of using such a peripheral con-
nection are: steady data management, shorter downtime, fast diagnostics and flexible design
and modification of systems during operation [10].

Main benefits:

* Effective PLC integration.

* Reduced cabling - fewer sources of errors during installation and debugging.

* Quick installation with flat cable without special tools.

* High level of flexibility — expandable 1/O.

* Modular plug-in form of components.

* Safety design option.

« Single IP address for 21 devices.

« Simple replacement of broken pieces.

The above-mentioned technologies are, by their very nature, tools for integrating the ex-
perimental workplace into the Industry 4.0 concept. The gradual integration of these technol-
ogies is divided into steps that are gradually being followed. The first step of FMS rebuilding
is to replace currently used S7-300 controllers and PROFIBUS communication with S7-1500
controllers and Profinet communication. In addition to this replacement, a new FMS-500
module is being developed to integrate IO-Link and RFID.

This workplace is designed for presentation and educational purposes and is created with-
in a doctoral project. The next step in expanding system features is to make process data
available for long-term recording and analysis using the MindSphere platform. In the future,
we plan to extend communication with wireless connectivity, Wifi and experiment with it.
The planned connection of the components of the automated system is shown in Figure 5.
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Fig. 5. Interconnection of experimental production system components after rebuilding
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Conclusion. This article describes communication technologies that currently allow the
integration of an experimental workplace into the Industry 4.0 concept. During the reconstruc-
tion of the experimental workplace, new components, controllers, sensing and actuating ele-
ments, communication devices are gradually added to the system. Selected communication
interfaces are often applied in current industrial processes, and by their integration, the De-
partment of Automation, Control and Human Machine Interactions acquire a powerful tool
for research and educational purposes.
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VIK 658.51:007
Pobepm Paxaii, Mapmin Buwnvoscwoxi, Anvona I'anaiioosa, /[ywan [Humuwuk

MOXKJUBOCTI NOJINIIEHHSA KOMYHIKAIIIT
JJISI EKCOHEPUMEHTAJILHOI BUPOBHUYOI CUCTEMHU

Axmyanvnicmy memu d0ocnioxncennn. Cyuacti meHOeHYii @ NPOMUCTIOBII KOMYHIKAYIT OPIEHMOBAHI HA 6MPOBAOIICEHHS
HOBUX KOMYHIKAYIliHUX npomokonie, 6e30pomosiii nepedadi oanux npu 3uudicenux eumpamax. Komynixayitina uacmuna 6y0s-
AKOI cucmemu agmMoMamuKy Mac UPIuanbHe 3HaveHHs i HAOIUHICIb YUX cucmem 0ydice 8adlcIuaa.

Ilocmanoexa npobnemu. 11i0 yac npoexmysants cucmem asMOMAMuKY i 8UPIUEHHS 3a80aHb NIOKIIOUEHHS DI3HUX NpU-
Ccmpoig po3pobHUKAM 00B00UMbCA BUPTULYBAMU PI3HT acnekmu, maki AK adpecayis, WeUOKICmb nepedayi 0anux, 6e3nexy OaHux
i m. in. Cyuacni npomoxonu 36'a3xy na ocnosi Ethernet i mexuonoeii nepedaui oanux 3abe3neqyome 3HauHe 3HUICEHHs GUMPam
i ckopouents pobouux micy.

Amnaniz ocmannix oocnioncens i nyonikayii. /s niocomosku yiei cmammi 0yiu NpoOAHANi308aHI Pi3HI 302A1bHO00-
cmynui mabnuyi OaHux i eKkcnepumMeHmanbii pilierts, a MaKoiC BUCHOBKU HAULUX NONEPEOHIX eKcnepumenmie 6ynu GUKOpu-
cmani Onst POPMYBAHHS YAGILEHHS NPO MeEMY O0CTIOHNCEHHSL.

Buoinenns neoocnioncenux uwacmun 3azansnoi npoonemu. Ockineku icnye 6e3niy pisHux KOMYHIKAyitinux piuieHs,
Opomosux i 6e30pomosux, i Kodicen UPOOHUK NPOMUCTOBUX NPUCTPOI8 3aDe3newye C8O€E 8AcHe Kpawe pienHs Ol 36 SA3KY.
s cmamms € HeOocmamuvoI0 015 iX NOGHO2O ONUCY.

Ilocmanoexa 3ae0anns. Y yiti cmammi 0y1u RpoaHAniz08aHi PisHi MexHoON02ii 36'A3Ky ma KoMyHikayii ona matlbymmwoi pea-
MB3aYii 6 ICHYIOUIll eKCNePUMEHMATIbHILE 8UPOOHUYIL cucmeMi Ha Pakyibmemi asmoMamu3ayii, YApasinHa i IH0OUHO-MAUUHHUX
83aEMOOTIL.
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Buknao ocnoenozo mamepiany. [Llo6 inmezpysamu ichyiouy mMooensb cucmemu npOMUCI08020 BUPOOHUYMEA 8 KOHYeN-
yito Industry 4.0, neobxiono enposadumu Ho8imui KOMyHiKayitini mexunonozii. Buxopucmanus npomoxony 36's13Ky HA OCHOBI
Ethernet, maxoeo six Profinet 3 kombinayicto 10-Link, 3abe3neuye xopouty ochogy 0ns gupiuienns yici npoonemu.

Bucnosku 6ionoeiono 0o cmammi. Y 3anponorosanii pobomi npeocmasieHi MOXCIUBOCMI po3umupents inmepgeiicy
36 a3Ky ona excnepumenmanvhoi cucmemu FMS-500. Huni ys cucmema 3acnoeana na npoepamosanux konmponepax S7-300
i komyHixayiunomy inmepgeiici PROFIBUS. IInanosa nepebyoosa cucmemu 36uparts nepeobaiae oOMiH npoepamosanumu
KOHMPONEPAMU, POSULUPEHHS KOMYHIKAYIUHUX NPOMOKONI6 Ma IHMe2payiio HOBUX (QYHKYILL.

Kniouosi cnosa: asmomamuszayis, ynpasiinus, 36 s130K.
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