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PROPOSAL OF THE MODULE FOR EXPERIMENTAL WORKPLACE BASED
ON PLATFORM INDUSTRY 4.0

Urgency of the research. New modern trends in the cable industrial communication and exchange of data focus on im-
plementation of new communication standards, protocols and reduced costs. Communication in every automation systems is
crucial. Functions of these systems is very important for the correct function of automation system.

Target setting. For designing sensor and actuator systems for automation and solving connection between different de-
vices, developers solved this problem with standardized communication like technology 10-Link. This communication tech-
nology together with industrial bus create solution for modern communication with quantity of benefits like quick design and
diagnostic, unified interface, cost and work reduction.

Actual scientific researches and issues analysis. To prepare this paper, we analyzed different solutions for communica-
tion between sensors and actuators, different control systems and mechanical solutions. We used knowledge from our previ-
ous experiments and choose optimal components and systems for our project.

Uninvestigated parts of general matters defining. There are many different types of sensors, actuators, communication interfac-
es and industrial busses. This paper is insufficient to describe them all. That’s why we ve only described those, which will be used.

The research objective. This article describe the design of a machining module for the FESTO FMS 500 Modular La-
boratory System. This module will be physically implemented as part of the revitalization and modernization of the FMS 500
laboratory system at the Department of Automation, Control and Human-Machine Interactions.

The statement of basic materials. We follow the trends in industrial automation and the requirements of the 4th Industrial Revo-
lution. This is reason why we use 10-Link technology in combination with Profinet bus for communication with sensors and actuators.

Conclusions. The main objective of this article is to approach the design of the Machining Module with Industry 4.0 el-
ements for the Modular Production System FMS 500. This design describe the individual components which will be used. The
functions and purpose of the module are also describe, as well as its functional capabilities in terms of diagnostics.
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Introduction. The development of modern technologies in automation raises increased
demands for well prepared engineers. The modernization of lines with a higher degree of au-
tomation, robotics and mobile diagnostic and control technologies follows the objectives of
Industry 4.0. Tracking and responding to these trends are therefore very important in the field
of research and teaching. Our response to these trends is the upgrading of the FMS 500
Modular Laboratory System from FESTO to the Industry Platform 4.0, which will also in-
clude a new workspace module [1].

This module will be physically implemented from construction, through selection and as-
sembly of drives and steering members to recovery. Design and selection of used components
fit into complex revitalization of the entire system and ensure compatibility of individual
modules. In the framework of this modernization, the replacement of SIEMENS Simatic S7-
300 controllers (PLCs) behind PLC Simatic S7-1500 will be realized. Change industry bus
from Profibus to Profinet will be realized too. Sensors modification and implementation of
IO-Link technology for sensor communication, application of wireless industrial communica-
tions, and storage of process data to Cloud. By using these technologies, we will achieve a
line structure so we can validate modern approaches and tasks in industrial automation [2; 3].

Construction design. The design of the module is based on the concept of individual
modules of the modular system FMS 500 (Fig. 1).

Fig. 1. Complete configuration of FMS500 [4]

© Vishovsky M., Rakay R., Galajdova A., Simsik D., 2018
201



Ne 4 (14), 2018 TEXHIYHI HAVKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

The base of the module is made of T-shaped aluminum profiles. On this base plate will be
placed a manipulator, consisting of a rodless pneumatic drive, which is fastened on the alumi-
num profile to the desired height above the base plate. A double-acting actuator with one-
sided piston rod is mounted on the slide table of this drive. At the end of the piston rod, the
pneumatic actuator is attached to grab the parts to be handled.

On the base plate will be a 4-position rotary table, which will be rotated by a stepper mo-
tor. Individual devices will be placed in each position to perform individual operations. These
devices will also be attached to aluminum profiles. The preliminary basic design is in Fig. 2.

Fig. 2. Construction design of machining module

Design and selection of components. The design solution could be divided into three
parts. The first part is the handling part, the second part are the processes on the turntable
(machining part). The third part is the control part (control components).

Handling part. This part consists only of pneumatic components. All pneumatic drives
used in this module are from SMC. For motion in the X axis, a rodless pneumatic drive with
mechanical connection to the slide table, MY 1B10G-500H will be used. This drive has a pis-
ton diameter of 10mm and a stroke of 500mm. At both ends there are hydraulic silencers with
adjusting screw. (Fig. 3) Achieving the end positions will be detected using PNP sensors in
the grooves of this drive.

Fig. 3. SMC MYI1B10G-500H

For Y-axis movement, a double-acting pneumatic drive with a one-sided rod will be used.
Type of drive is CD85KN12-100-B. This drive has a piston diameter of 12mm and a stroke of
100mm. Piston anti-rotation insurance is realized in such a way that the piston has no circular
but hexagonal cross-section. (Fig. 4) Reaching the end positions will be detected by using
PNP sensors mounted on the surface of the cylinder by metal strips.

Fig. 4. SMC CD85KNI12-100-B
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The pneumatic parallel actuator with two fingers, type MHZ2-10D will be used to attach
the component. This drive has a piston diameter of 10mm. On the fingers of this effector, the
extensions are screwed exactly according to the size and shape of the part to be handled.
These extensions were made with 3D printing from material PLA (Fig. 5) Reaching the end
positions will be detected using PNP sensors in the grooves of this drive.

Fig. 5. SMC MHZ2-10D

The individual components are joined together and their position can be adjusted using
plastic plates modeled for this application and also produced by 3D printing from the same
material as the finger of the effector (Fig. 6).

Fig. 6. Adjustment plastic plate

Machining part. The base of the machining part will be a rotary table made of plexiglass.
There are 4 positions for the placement of parts on this table. There will be a different opera-
tion for each position. This rotary table will be mechanically coupled to the shaft of the two-
phase stepper motor controlled by the stepper motor driver (Fig. 7).

Fig. 7. Two-phase stepper motor with stepper motor driver

On the first post of machining part, will be a read/write RFID head with IO-Link commu-
nication from Balluff. It is the head - BIS M-401-045-001-07-S4 (Fig. 8).
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Fig. 8. RFID read/write head

On the second post there will be a workplace for checking the height of the component be-
fore drilling. A single-acting actuator with a one-sided rod, type CD85N8-50S-B, will be used
for this control. This drive has a piston diameter of 8mm and a stroke of 50mm. Reaching the
end positions will be detected by using PNP sensors mounted on the surface of the cylinder by
metal strips (Fig. 9).

Fig. 9. SMC CD85NS-50S8-B

The third position is the workplace with a drill. The drilling head (chuck) with a drill bit
will be placed on a base that will be attached to slide table of rodless pneumatic actuator
MY 1B10G-200H. This drive has a piston diameter of 10mm and a stroke of 200mm. At both
ends there are hydraulic silencers with adjusting screw. (Fig. 10) Reaching the end positions
will be detected by using PNP sensors in the grooves of this drive.

Fig. 10. SMC MY1B10G-200H
During drilling operation, the component will hold in the correct position on the turntable
by the single-acting actuator with the single-sided rod, type CD85N8-25S-B. This drive has a
piston diameter of 8mm and a stroke of 25mm. Reaching the end positions will be detected by
using PNP sensors mounted on the surface of the cylinder by metal strips. (Fig. 11)

Fig. 11. SMC CD85N8-255-B

The last position will be a workplace with a blowing nozzle that will simulate the removal
of chips after the drilling process. On all pneumatic actuators except effector, will be fittings
with a one-way throttle valve. On double-acting with throttling at the outlet and on single-
acting with inlet throttling. These valves will be allowed setting the speed of each drive.
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Control part. The base of control part be the PLC SIEMENS Simatic S7-1500 CPU
1512C-1PN (Fig. 12). This PLC has a compact CPU with one network card for Profinet with
a two-port switch. It has 5 analog inputs, 2 analog outputs, 32 digital inputs and 32 digital
outputs. There is also a small color control panel and 6 control buttons in the base rack of this
PLC. Below this panel there is an SD card slot and a PLC mode switch.

Fig. 12. PLC SIEMENS Simatic §7-1500 CPU 1512C-1PN

The PLC will be powered by one of the two SIEMENS Simatic PM 1507 sources (Fig.
13). These are sources with 24V/8A/190W output. These sources are size and shape-matched
to the PLC Series S7-1500. A pair of resources is used for the application of IO-Link technol-
ogy, which allows separate feeding of the control technology with sensors and actuators. The
reason is that if one of the action members fails, or overload and source protection shuts down
this source, the control member and sensors can work further. The operator receives infor-
mation about the fault location.

Fig. 13. Sources SIEMENS Simatic PM 1507

The main device for 10-Link application will be the 10-Link master from BALLUFF -
BNI PNT-538-105-2063 (Fig. 14). It is an 8-port IO-Link master with Profinet communica-
tion. All ports of this master can be used with IO-Link communication. 4 ports of this master
is type A and 4 ports is type B. Ports type be allow redundant (galvanic isolated) sources, one
for actuators and one for control unit and sensors. The following devices will be connected to
individual 10-Link ports: RFID reader and writer head, valve island, and HUB expander for
digital inputs and outputs. 5 free ports can be used like IO-Link or like standard I/O. Into each
port we can connect two digital signals (input or output).

Fig. 14. BALLUFF - BNI PNT-538-105-2063

The 1O-Link device BNI 10L-302-S01-Z013 (Fig 15) will be used to connect multiple
digital inputs (sensors from drives). It is an expanding 8-port HUB also from BALLUFF. We
can connect up to 16 sensors (digital inputs) to these 8 ports.
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Fig. 15. BALLUFF — BNI IOL-302-S01-Z013

The last control device is a valve island with I0-Link communication from SMC (Fig. 16).
The communication module has the designation EX260-SIL1-X210. This island has been con-
figured to meet the requirements of this application. The valve consists of two bistable 5/2
valves for control of rodless drives, two monostable 5/2 valves for controlling a double acting
actuator and an effector, and finally two valves in which two monostable 3/2 valves (together
4x 3/2 valves) are connected. These valves will control two single acting actuators and a nozzle
on the air outlet. One 3/2 valve remains free. All pneumatic drive control will be implemented
with IO-Link communication with additional diagnostic functions via one 5-core cable.

Fig. 16. SMC EX260-SIL1-X210

The structure of connection and use of individual communication technologies is shown in
Fig. 17. The figure shows the PLC connection to the power supply and Profinet communication
bus. This bus connecting PLC, I0-Link master and PC. Through the standard digital signals, a
stepper motor driver is connected to the PLC. The 10-Link master is powered by both sources.
One for drives, second for sensors and control electronics. This two power supplies are also avail-
able for an expanding HUB that communicates with the master via IO-Link. Digital sensors from
pneumatic drives are connected in standard way to the HUB. Via IO-Link, a valve island and an
RFID head are also attached to the master. The figure does not contain all the used elements and
all functional connections (only the connection structure, not the wiring diagram).

Profinet

I0-Link

DI/DQ —_—
Supply 24V ——
Alr pressure

Fig. 17. Connection structure
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Modul functions. The workstation module will be able to work either as a single work-
station or will be able to be connected to the FMS 500 after its upgrading. The structure of the
functionalities of the individual parts of the module is shown in Fig. 18.
Machining module

collection and processing
of diagnostic data from
the I0-Link master

Control part
/ \ communication with
higher level of con-

/ \\ trol and visualization

control of handling control of machining

Handling part, collection data part, collection data Machining
from sensors from sensors
part part
T~ handling with
component X
sending information o
from sensors Machining
holding of component

of component
positioning of com-
ponent into rotation

table
grip
component

The function of this module will be to move the components with pneumatic manipulator
from belt (if module will connect to FMS 500) or from preset point (if station will be stand-
alone) on the rotation table. After placing the component on the first table post, the RFID
head will be loaded an RFID tag that will be placed on the individual parts. This tag will con-
tain information about the type of component and the machining operations to be performed
on this component. Based on this information, the control system evaluates which operations
will be performed on that component.

After the RFID tag is loaded, the table is rotated 90 degrees and the part is moved to post
number 2. The height control of the component is performed by pneumatic drive. After the
height is evaluated, the operations will be continued according to the set algorithm. The part
moves from position 2 to position number 3 where is drilling operation. PLC via relay, resp.
the contactor is powered by an electric drive with a chuck where the drill will be placed. After
the drive starts, the drill head starts and starting with move down. After the required height
has been reached, the downward movement stops and the drill head returns to the initial posi-
tion where the drill drive stops.

Subsequently, the component moves to the fourth post where the nozzle will realized
blowing of component. After this cycle, the round table cycle closes by moving the compo-
nent to the first post, where the RFID head writes information about the operations performed
to the tag on the component. After write, the manipulator moves the component from the table
to the belt or to the preset position.

Collecting of data from sensors, RFID system, and pneumatic drive management will be im-
plemented using IO-Link technology, which will provide both process and diagnostic data
throughout the program run. As an example, additional functions can be provided with the 10-
Link valve island. In addition standard switching of coil, it is possible to set 32 bits counter on

inspection of
component

blowing
of component
motion of rotation table read and write data via RFID

Fig. 18. Block diagram of module functions

207



Ne 4 (14), 2018 TEXHIYHI HAVKHM TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

individual coils, reset of this counters, set the switch point on the counter, after which the infor-
mation about reaching the specified number of switches is sending, the short-circuit indication on
individual coils, Process and diagnostic data will be accessed through the user interface.

Module extension and connection to system FMS 500. After completing the described
basic functionality, the module will be expanded by additional features, devices, and technol-
ogies. The main extension should be to connect this stand-alone station into the upgraded
FMS 500 system, where the PLC S7-300 will be replaced by PLC S7-1500, the Profibus
communication bus replaces the Profinet bus and 10-Link technology will be integrated at the
individual stations, just like the machining module.

The interconnection of the individual stations will be provided by the Profinet industrial
bus which is normally realized with a metallic cable (twisted pair) with RJ-45 or M12-180
terminals. A possible extension is the implementation of the IWLAN (Industrial Wireless Lo-
cal Area Network) module that provides wireless industrial communication over an AP (Ac-
cess point) and a client connection. This extension can be used to communicate the FMS 500
with another system or with a higher level controller (PC), which therefore may not be in the
immediate vicinity of the system or does not need to be connected with a bus cable.

Another extension can be sending and storing data to cloud services, For example Mind-
Sphere from SIEMENS. Thanks to this technology they are processed and shared. Last but
not least, the expansion of IO-Link technology features.

Conclusion. Contact with the latest trends and mastering the most advanced technologies
in the field of industrial automation is the only way to prepare future engineers for their work
and to provide them sufficient theoretical knowledge, but especially practical and related
skills, for their better use in the labor market. The way this task can be handled is real work
with devices whose features and capabilities fit into the concept of Industry 4.0. The devel-
opment of these devices is very progressive and it is therefore necessary to modernize or re-
place the old technologies and equipment with new ones. That's why we've decided to up-
grade and revitalize the FMS 500 line and add a whole new module.

The main objective of this article was to approach the design of the Machining Module
with Industry 4.0 elements for the Modular Production System FMS 500. This design de-
scribed the design of the given module with the deployment of the individual components
whose type and parameters were described. The functions and purpose of the module were
also described, as well as its functional capabilities in terms of diagnostics. Last but not least,
we have outlined how this module could be further expanded and modernized in the future to
get even closer to the Industry 4.0 concept.
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Mapmun Buwnvoscku, Pooepm Paxaii, Anena I'anatioosa, [ywan Llumwux

INPEACTABJIEHHA MOAYJISA EKCIIEPUMEHTAJIBHOI'O POBOYO0OI'O MICIIA
HA OCHOBI IIVTAT®OPMMU INDUSTRY 4.0

Axmyanvnicme memu 0ocnioncennsn. Hogi cyuacni menoenyii 6 kabenoHoMy npoMuciogomy 363Ky ma 0OMini Oanumu
CHPAMOBAHI HA BNPOBAOIICEHHS HOBUX CIAHOAPMIE 38'A3KY, NPOMOKONIG | 3HUJICEHH: sumpam. 38's130K 8 KOJICHIU asmomamu-
306aHill cucmemi mae gusHauanvhe 3navenns. QYHKYIl yux cucmem Oydice 8adCIUGI Olsl NPABUTLHO20 QYHKYIOHYBAHHA AB-
MoOMamu308aHoi cucmemu.

Ilocmanogxa npoénemu. Ilpu npoexmysanti cencopHUX i GUKOHAGUUX CUCMeM AGMOMAMU3ayii ma 01 HANA200JHCeHHs
36'513Ky MIdIC PI3HUMU NPUCIPOAMU, PO3POOHUKU BUPIUULU NPOOIEMY 3 OONOMO20I0 CIAHOAPMU308AHO20 363Ky, MAKO20
sk mexnonocisa 10-Link. L]i komyuixayiiini mexnHonoeii pazom 3 npomuciogoio wuHoio cmeopioroms piuieHHs Ol cyiacHo2o
36'13Ky 3 8eIUKOIO KINbKICHIO nepesaz, makux AK weuokuti ouzain i diacnocmuka, yHigikosanuii inmepgheiic, 3menueHHs
éapmocmi i po604020 uacy.

Ananiz ocmanuix oocnioxcens i nyonikayiit. /[na niocomosxu yiei cmammi Mu npoananizyeany piui pivienHs ons 36's-
3Ky Midic 0asauamu i BUKOHABUUMU MEXAHIZMAMU, Pi3Hi cucmemu Ynpagninua i mexaniuni piwienna. Mu euxopucmosysanu
3HAHHA 3 HAWUX NONEPEeOHIX eKChepUMenmis i UOPanu ONMUMALLHI KOMROHEHMU Ma cucmemu Ol HAuo20 NPOeKnty.

Buoinenns neoocnioyncenux wacmun 3azansnoi npoonemu. € 6azamo pizHux munie 0amuuKie, UKOHABUUX MeXAHI3-
Mi8, KoMyHiKayitinux inmepgeiicie i npomucnogux wun. OQbcazy oonici cmammi Hedocmamuvo, wjob onucamu ix nogHicmio.
Ocb yomy mu onucanu auuie mi, AKi 6y0yms UKOPUCTOBYBAMUCH.

Ilocmanogka 3ae0aunn. Y yiii cmammi onucyemucs NPOEKm MexaHiuHo2o MoOYIs 0Jisi MOOYIbHOI 1abopamopHoi cuc-
memu FESTO FMS 500. Leii mooynv 6yoe @izuuno peanizoganuil y medcax akmugizayii ma mooepuizayii nabopamopnoi
cucmemu FMS 500 6 [Jenapmamenmi agmomamu3sayii, ynpagninia ma moOUHO-MauiunHoi 83a€Mooii.

Buknao ocnosnozo mamepiany. Mu cnioyemo menoeHyism npomMuciogoi agmomamusayii ma umoeam 4-i npomuciogoi
pesomoyii. 3 yiei npuyunu mu suxopucmogyemo mexuonoziio 10-Link 6 noeconanni 3 Profinet ona 38'a3ky 3 damuukamu i
BUKOHABUUMU MEXAHIZMAMU.

Bucnogxu 6ionosiono oo cmammi. Ocrhosna mema yici cmammi — 3anponoHy8amu KOHCMPYKYilo Mexamiuno2o Mooyis
3 enemenmamu Industry 4.0 ons moodynvroi eupobnuyoi cucmemu FMS 500. Y yvomy npoexmi onucyiomvcs okpemi KomnoHe-
Hmu, sAKi 6y0yms uxopucmogysamucs. Takooic onucani Gynxyii ma npusnadenus MoOyIs, a MAaKodlc Hoeo0 PyHKYioHANbHI
MOACTUBOCMI 3 MOYKU 30pY OIAZHOCMUKU.

Knruoei cnosa: asmomamusayis; ynpasninns;, PLC; 10-Link; Cloud; 6e30pomoguii 36’430k, nHesMamuyui cucmemu,
Industry 4.0.
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