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INTRODUCTION

Background

Control systems are an integral part of modern espciDesign, testing and
optimization of automatic control systems with gregrammable logic controllers
(PLC) have become extraordinarily important [BOLO3]

The objectives of automation engineering include tevelopment, analysis,
synthesis and testing of technical systems desigimedffect the optimum
performance of technical and manufacturing procesgthout continuous human
involvement.
The degree of automation implemented is determimethe extent to which the
process or the manufacturing method is actuallyfopmed automatically by
automation equipment and a system. The primarycobgs of productivity,
flexibility, safety and environmental protection tachnical and manufacturing
processes have led to the ever growing need teaserthe degree of automation.
Consequently, automation technology is in the naduflrapid development which
can be characterized by the following four features
e transition from analog to digital and hybrid autdioa equipment through
the integration of computer-supported systems aodegsses;
< application of control methods for the automatintcol of technical
systems using language-based variables without lesmmathematical
models;
* optimization of the human-to-process communicatibain by integrating
communications, information processing and senstwador systems;
» application of complex and hierarchically configli@tomation structures
and implementation of adaptive and intelligent sys.

Basic system components of automatic control teldgyoare characterized by
such functions as measurement, information proegsand automatic control.
Solution of control problems involves the followingrinciples of efficiency, speed
and accuracy to the extent that they apply to Hréiqular task. Automatic control
technology also employs findings of the respectivathematical, scientific and
technical disciplines to solve problems [DORO02].

Automatic control systems enable one to operatepttogesses in a safe and
profitable manner. Control systems achieve thise"sad profitable" objective by
continually measuring process variables. The adiegi motivation for automatic
control is safety of the people, the environmemt equipment

Plant-level control objectives motivated by prdficlude meeting final product
specifications, minimizing waste production, mirging the environmental
impact, minimizing energy use, and maximizing tkierall production rate.



Introduction of the automated control systems bshmelogical processes is a
perspective of energy safety direction [BAT93]. Bemic benefit of control
systems (over 30 % of the economy of power ressliisaeached due to the exact
control of parameters of a technological processitaring of the condition of the
process equipment and reduction of the reactiore tmh the personnel by
emergency and pre-emergency events.

Process performance means optimizing the procdss,eguipment, and the
controls. Nowadays, advanced control is synonynwaitis the implementation of
computer-based technologiesProgrammable logic controllers (PLC) are
considered today as a principal item of automatiith these controllers, most
diverse tasks of automation can be implementedraipg on the definition of the
problem. Systems traditionally associated with pssccontrol are being used in
discrete applications.

The control device is the major interface with pient, from single-loop systems
to distributed-control systems. It allows foplant to find major control problems,
diagnose what is causing the problem and get thelevplant lined out at a

specification. Sometimes the problem is in the gsscin the basic design, or in
equipment malfunctioning. But it could be in thentol system, in the basic

strategy, or in hardware malfunctioning.

Modern control systems require numerous loops tcdogrolled at the same time —
pressure, level, temperature, for example [CHIZg]vantages of PLCs are that
these systems can control numerous loops.

Controllers are a component part of automationesgstwhose main tasks are
those of process stabilization. They are used itagbaibout maintaining specific

process states (operation mode) automatically, imditimg the effects of

interference on the process sequence, preventinganied coupling of the

components of the processes in the technical pgoces

The function of the PLC is to control, monitor, amdegrate everything in this
process, and the computer allows the PLC and psoicderface to the outside
world - operators, other processes, and highef ygems.

The control systems consist of different units amdolve complex problems.
Controllers always have an ability to receive ingot perform a mathematical
function with the input, and to produce an outpignal corresponding to the
manipulated variable.

In an intelligent society, individuals communicatéth each other, organize
themselves and form networks. This paradigm is alsitized in modern



technology and confers individual objects equippéth sensors, actuators and
software a certain level of intelligence and idgnti Through modern
communications technology, single components ardt iméo an integrated
network system.

Remote operations, adverse environmental condjtextseme climates, hazardous
space — these are but a few of the demanding dgakethat typify oil shale
exploration and production. They demand productuireqments that include
extreme ruggedness, maximum availability and compaadular designs.

These requirements extend to the control of compleghale treatment processes
using various technologies suited for measuringuaiay of different appropriate
parameters.

All the parts in a plant must work as an integratétble. This requires open,
integrated communication linking automation throogihthe company. This study
helps to avoid the use of isolated applicationgutomation and in information
technology through

* a seamless flow of information from the sensor/atciulevel to the high
management level,

e availability of information in any place;

- fast data exchange between plant sections;

e consistent configuration and efficient diagnostics;

« integrated security functions that prevent unalitledraccess;

« fail-safe communication and standard communicatising the same
cable.

Such a configuration makes use of intelligent deviat the local level that
interface with one another over networks. Openiaaskflexibility enable one to
easily link different systems and implement expamnsi

This does not only reduce the number of interfabes,it also ensures maximum
data transparency across all levels — from thd fiblrough the production level to
the management level. PROFIBUS, the internatioteddard for the field level,
and Industrial Ethernet, the international standardgirea networking, are used for
these purposes.



Grounds of topic selection

The topic of the thesis was selected based on ¢neadds to develop applied
automation problems at a plant level.

Objectives of the work and fulfilled tasks

The main goal of this thesis is to investigate tlowel hardware, technological
tools, and develop software for a control systemt\&iPLC. The objectives of this
thesis are the following

« to consider the aspects of PLC development atltm-fevel control,

e to evaluate technical properties of PLCs on theisba$ possibilities
available in modern technology;

« to analyze the available possibilities of modernCPsoftware tools for
control realization;

e to compose a model of a control system and to ce@plerification via
comparison of experiment results with the applaratof results in real
conditions;

* to develop innovative solutions for the complex swrament tasks in the
changing environment of the shale-oil industry;

e to develop a program for continuous measurementnamuitoring of the
technological parameters in hazardous zones.

The research object of the thesis is a softwareébasntrol method, development
and technical realization of this method on newigmgent in different stages of
system design.

Methods and means of research

The following methods have been used in this rebeaanalysis of scientific

literature, evaluation of the characteristics of tontrolled system components,
IEC 61131-3 programming languages and software 7Stegearch, laboratory
experiments, and industrial experiments in thelfainditions.

The sources studied for the research include negj@ntific articles covering the
problems of PLCs and main international conferepceceedings, especially
publications from the IEEE conferences.



To solve theoretical and technical problems, suclets and packages as S7-300
PLC, Simatic PDM tools were employed. The IEC 6133pbrogramming
languages and PLC programming as well as debugmgioly were used in the
software development process. IEC 61131-3 PLC laggs have been used to
model the control logics, and mathematical toolsdtculate the control system
parameters. The high level programming languadewedi more advanced control
strategies in PLC based control applications toripgemented.

The experiments with control principles and progtasts were carried out in the
Laboratory of Automation at Virumaa College (Appen#) and at Viru Chemistry
Group Ltd.

Source information

The studies and design took into account the stdadacientific publications
(references), existing documentation, and resegepbrts about similar systems.
New and improved product development also requirBsmation from personal
practice and information about the drawbacks obtag products. Information
about system drawbacks was acquired from usersesktproducts via unofficial
interviews. Additional information was derived frothe company support and
working experience in the format of a retraininggmam at Viru Chemistry Group
Ltd.

Sources of information used in the control systesigh:

1. technical specifications and data about new systamkiding technical
documentation and commercial information;

2. technical specifications and documentation abomtpaiitive systems;

3. information collected via visits and work in thenggany as well as unofficial
interviews;

4.  information from Siemens company support.

Sources of information used in the software develeqt:

test and measurement results;

manuals of new software tools;

datasheets, manuals and application notes of eféctromponents;
analyzed and specified user opinions, requiremamdspractical needs.

Ll A

The novelty of the present research lies in thieohg.

The author has developed a generalized structurthéomodeling of real control
system, including its configuration. The model weased to implement control
functions and new software-based solutions. Fos thbdel development, an
experimental study was carried out in the laboyat@&xperimental testing of
operation and malfunctioning modes is not possibtbe real conditions because of
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high risks and high costs of experiments.

The control algorithms for a DGO storage tank peoktrol system have been
developed.

An analysis of operation modes was made. This ¢esgary for the development
of control functions and protection algorithms, liting the analysis of faults in
different operation modes (for the application @fgthostic methods).

Finally, all the research goals of the thesis sethie introduction have been
completed successfully. Experiments were carrigcabViru Chemistry Group Ltd

by the author together with the project team. Assallt, proper control methods and
preliminary software design were selected and dgesl. The performance is
illustrated on a field test application for the DGt@rage tank park control system.

Experiments, software development and improvemeéiiooumentation are being
continued up to now.

It is a pleasure to thank my supervisor, profegedran Laugis for his valuable
advice and inspiration. His efforts have made ai@ant contribution to this
work. | would like to thank him for his optimists&upport during the whole of my
educational process.

I would also like to thank my colleagues at Virue@tistry Group Ltd, especially
PhD V. Sychev, who helped to solve practical protdeencountered in the
application of results in real conditions.

My special thanks are due to Mr Ruslan Hamzin andA% Alupere for their
financial support to my research.

Outline of the thesis

The introduction covers the goal of the thesise Pphrpose and research problems
are formulated, scientific novelty as well as tmagtical importance and forms of
work approbation are provided.

Chapter 1 describes recent trends in the fieldL@ Bpplication in control systems,
including configurations of different PLC systensspgerspective development and
application areas.

Chapter 2 provides the hardware configuration &aedRLC functions possibility to
implement the synthesis and the design of a coayisiem.

Chapter 3 discusses the PLC commissioning conditfon different types of the
field devices of the control system.
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Chapter 4 shows the software developed by the amditihdhe DGO storage tank
park control system.
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ABBREVIATIONS

ATEX — Abbreviation for the directiveAT mosphereg&xplosibles).
AUTO — Automatic mode

CPU - Central processing unit

DIN — German Standardization Institute

DP — Distributed 1/O; also transmission protocdR(IBUS-DP)
DMR- Doubled Module Redundancy

EB — Equipotential Bonding

FDE — Fault Disconnection Electronics

EMC - Electromagnetic compatibility

Ex — (explosion safety) - Hazardous area in a pkmeta with danger of explosion
FDE — Fault Disconnection Electronics

FISCO - Fieldbus Intrinsically Safe Concept

FM — Function Module

FUZZY — Collective term for fuzzy logic products

HART - Intrinsically-safe transmission protocol

| EC — International Electrotechnical Commission

IPMCS - Industrial Process Measurement and CoBystem

IP — Degree of protection

ISO — International Organization for Standardizatio

MPI — Message Passing Interface

M&C — Measurement and Control

OP — Operator panel

PLC — Programmable logic controller

PROFIBUS - PROcess FleldBUS

RLO — Result of logic operation

SCADA - Supervisory control and data acquisition

SCL — IEC 61131compatible high level programminmplaage
TD — Text Display

13



TERMS

ADC - Analog-Digital Converter

Analog module

Analog modules convert analog process variablesgkample, temperature) into digital
values that can be processed in the CPU or theyecbrdigital values into analog
manipulated variables.

ATEX — Abbreviation for the directive. According to td@ective, equipment is divided
into 2 categories of protection, that corresponthe&oZones where it may be used. Behind
the category classification follows the type oftewtion.

Backup battery

The backup battery ensures that the user prograimeitCPU is not lost in the event of a
power failure and that defined data areas, bit mgmbmers, and counters are also
retained.

Building ground

The connection between data processing equipmehgeaound, whereby no unacceptable
functional interference to data processing equignegenaused by external effects, such as
interference caused by power systems. The conmentigst be in the form of a low-noise
ground.

Cold restart

Restart of an automation system and its user pnogifter all dynamic data (tags of the I/O
image, internal registers, timers, counters etcl e corresponding program elements)
were reset to default. A cold start may be trigdeaeitomatically (for example, due to
power failure, loss of dynamic data in memory).

Communication

Communication is the exchange of data between pmgrable modules whethe
operating system handles almost all communicatioctfons.

Communication utility

A communication utility specifies how the commurtioa stations are to exchange data
and how' these data are to be treated.

Connection

A connection defines the relationship between twommunication stations. It represents
the logical allocation of two stations for executiof a certain communication utility. It
also contains special characteristics such asyfhe df connection (dynamic or static) and
how the connection is established.

Communication functions

The communication functions are the user prograntésface to the communication utility.
Configuration

The configuration is the selection and putting tbge of the individual components of a
programmable logic controller (PLC).

CPU

Central processing unit of the programmable colarolvith processor, arithmetic unit,
memory, operating system, and programming devitface.

Cycle time

The time a CPU requires to execute the user pnogra
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DP/PA coupler, DP/PA link are the network components for linking PROFIBUS &
PROFIBUS PA to convert the transmission rates dDPBUS DP to the transmission rate
of PROFIBUS PA.

EMC Electromagnetic compatibility

Electromagnetic compatibility is understood to méam capability of electrical apparatus
to operate without faults in a given environmenthaut affecting that environment in an
unacceptable manner.

Error display

Error display is one of the possible responsedefaperating system to a run-time error.
The other possible responses include: error regpionthe user program, STOP mode of
the CPU.

FORCE

Function which can be used to assign fixed valoespécific tags in a user program or CPU
(also: 1/0s), so that the user program is not ablehange or overwrite these values. The
function allows users to set defined tag valueghim user program for use in specific
situations and to test the programmable functions.

Function(FC)

According to IEC 61131-3, a function is a code kltitat does not contains any static data.
Temporary tags of functions are stored in the lolzdh stack and will be lost after the FC
was executed. Functions are therefore suitablst@osing data in shared DBs. Because FCs
are not assigned a memory, you always need tofgpheir actual parameters.

Function Block (FB)

According to IEC 61131-3, a function block (FB)isode block that contains static data. It
is assigned an instance DB as memory.

Ground

The conductive mass of the ground whose poterdialbe assumed to be zero at any point.
In the vicinity of ground electrodes, the groundynii@ve a potential other than zero. The
term “reference ground” is often used in this ditrm To ground means connecting an
electrically conductive part via a grounding systeanground (one or more electrically
conductive parts that have good contact with thig. so

Network, subnet

A network is a group of devices joined togethertfer purpose of communication.
Operating State

The programmable controllers recognize the follgnviperating states: STOP, STARTUP,
RUN.

Organization Block (OB)

Organization blocks form the interface betweendperating system of the PLC CPU and
the user program. The sequence in which the usmgrgm should be processed is laid
down in the organization blocks.

PROFIBUS (PROcess Fleld BUS) is a standard documentedlima?2 of EN 50170 and
covers the networking of field devices.

PROFIBUS DP

The PROFIBUS DP (Distributed Peripherals) offerstandardized interface for the ex-
change of mainly binary process data over RS 48bdan an "interface module" installed
in the (centralized) programmable logic controfled the field devices. The maximum data
transfer rate on the PROFIBUS DP is 12 Mbit/s. PRBQFS DP is standard based on IEC
61158/EN 50170.

15



PROFIBUS DP modules

Digital, analog and intelligent modules, as wellasvide range of field devices to EN
50170, Part 3, such as drives or valve modulesraneed to the local process by the PLC.
The modules and field devices are interconnectet thie PLC via PROFIBUS DP field
bus and are addressed in the same way as local I/O.

PROFIBUS PA

The PROFIBUS PA (Process Automation) is a commuioinanetwork for the process in-
dustry and can be used in intrinsically safe areash as hazardous areas of Zone 1.
PROFIBUS DP (V0), PROFIBUS DPV1

PROFIBUS DP (V0) runs cyclic communication when FREJS DPV1 runs in addition
acyclic messages.

Priority classes

The PLC CPU operating system provides up to 26ripyiclasses (or “program execution
levels™) which are assigned different OBs. Thesessts determine which OB can interrupt
other OBs. Several OBs belonging to the same pyiatass do not interrupt each other,
and are executed in sequential order.

Programming Device (PG)

A personal computer with a special compact desigitable for industrial conditions.
PROFINET is the Industrial Ethernet Standard devised by PIBOS International for
"Ethernet on the plant floor".

Redundancyis the duplication of critical components of a #ystem, usually in the case
of a backup or fail-safe.system with the intenttdrincreasing reliability of of the system,
usually in the case of a backup or fail-safe.

SIMATIC PDM is a software package for designing, parametgyjzeommissioning,
diagnosing and maintaining the process devices.

Systemis a separate arrangement of components, whiclalbneterrelated to each other
(DIN19226).

TUOV - German Institute for Technological Surveillance

16



SYMBOLS

PV - Process variable (Controlled variable)
SP- Reference variable (Set Point)

T — Period of time

Ap- differential pressure

H — liquid level

K — gain

p —liquid density

g —acceleration due to gravity

H — column of liquid

V — volume

m — mass

P — probability of failure of multiple components
p(x) — probability of failure of a single component
n — number of components

g — relative dielectric permeability

17



1 STATE-OF-THE-ART OF THE PLC FUNCTIONS IN
CONTROL SYSTEMS

1.1 PLC overview

Programmable logic controllers are considered todaya principal item of
automation [PARO03]. With these controllers, madsedse tasks of automation can
be implemented depending on the definition of theblem (Fig. 1.1).
Programmable logic controllers have been arounevar (in technology years).
Their proven reliability in harsh environments ahekign to handle many inputs
and outputs has made them the foundation of mangriaautomated systems.

OPEN LOOP CONTROL CLOSED LOOP CONTROL

«— T

MESSAGING AND PROTOCOLLING l OPERATION AND MONITORING

CALCULATIONE
Fig. 1.1 PLC is an item of automation.

Controllers - in the sense of automatic controlteays - are functional elements
which act on a physical variable by means of anaot depending on an analyzed
process variable (measured using a sensor) insedal@nalog circuit with exact
mathematical definitions. This is shown in Fig..1.2

Controller ‘

Algorithm
Sensor Actuator

} v

Process

Fig. 1.2 Basic flow of signals in a controller.

476 companies supply Programmable Logic Control({@isCs). PLCs are the
control hubs for a wide variety of automated systemd processes. They contain
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multiple inputs and outputs that use transistord ather circuitry to simulate

switches and relays to the control equipment. Pi&esn specifications to be
considered include scan time, number of instrusti@ata memory, and program
memory. They are programmable via software inbedavia standard computer
interfaces and proprietary languages and netwatikrg

PLCs come in a variety of sizes: large, medium,lismmécro, and nano. PLC CPUs
have different characteristics.

Omron’'s SRM1 has all of its processing power andtrob in the master unit,
which supports up to 256 networked I/O (128 indi#t8/ outputs) across a twisted
pair network up to 500 meters away. The PLC's etiecutime for basic
instructions is 0.97 microseconds. The PLC’s exenuttime is measured
according to IEC 61131[IEC 61131]. User’s programowdd be equal toK with
the programming language IL IEC 61131-3.

S7-200 mini PLC provides 24 KB program memory ci#ipaand 10 KB data
memory, 16-bit timers, 12-bit ADC with signal comsi®n with 25us, an SPI
(Serial Peripheral Interface) and a SCI (UART),dimterrupts between 1 and 255
ms, with a resolution of 1 ms. Bit processing spee@®.22:s. It has over 200
instructions, including floating-point math, PIDgrinext loops, subroutines, and
sequence control for both simple discrete contnol analogue control. Combined
with the device’'s 20-KHz high-speed counters, migts, and 100 kHz pulse
outputs, the S7-200 series provides real-time obmtith Boolean processing
speeds of 0.375 microseconds per instruction.

Unitronics Vision 120 U2A, Unitronics M90-19-B1A va 10 digital inputs, 1
analog input, 6 relay outputs, RS232, response @nte 1-5 ms 1 to 0-10 ms,
resolution 16 bit, 1 analog input resolution for B0 mA is 10 bit (1024 units), for
4—-20 mA are from 204 to 1024 (820 units) [REMO8].

Mitsubishi PLC family has RAM 8 — 16 K, EPROM 8 6 K, EEPROM 4 - 16
K [MITO1].

S7-400 contains a work memory of 512 KB for thee;aal load memory 256 KB;
integrated Expandable FEPROM with a memory cardAGH) 1 MB up to 64
MB; Expandable RAM with a memory card (RAM) 256 Kip to 64 MB,;
Processing times for Bit instructions 75 ns, Warstriuctions 75 ns, Floating-point
math 225 ns [BERGO6].

Programmable logic controllers use the softwaregm@mming languages for

control. The IEC 61131-3 programming environmervpdes support for five
languages specified by the global standard: Semlidfunction Chart, Function
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Block Diagram, Ladder Diagram, Structured Text, drdruction List. This allows
for multi-vendor compatibility and multi-languageogramming.

SFC is a graphical language that provides cooridimadf program sequences,
supporting alternative sequence selections andiglasaquences.

FBD uses a broad function library to build complerocedures in a graphical
format. Standard math and logic functions may berdioated with customizable
communication and interface functions.

LD is a graphic language for discrete control amderiocking logic. It is
completely compatible with FBD for discrete functicontrol.

ST is a text language used for complex mathemapicadedures and calculations
less well suited to graphical languages. IL i9a-level language similar to an
assembly code. It is used in relatively simple dogistructions. Relay Ladder
Logic, or ladder diagrams, are today’s most wideagrprogramming languages
for control [PARO3].

Flow Chart is a graphical language that descriteguantial operations in a
controller sequence or application. It is used widdomodular, reusable function
libraries. The standardization of high level pragning languages for PLCs
allows implementing more advanced control strategie PLC-based control
applications.

C++ is a high level programming language suitechamdle the most complex
computation, sequential, and data logging taskds Itypically developed and
debugged on a PC-soft PLC.

IEC 61499 is a standard of software developmetiénarea of Industrial Process
Measurement and Control System (IPMCS). This stahdsimplifies the
development of distributed IPMCS applications tlgtounclusion of re-usability,
encapsulation and modularity. Due to its close médance with the Object-
Oriented paradigm, IEC 61499 also defines a wagtegrate modeling techniques
into the development process of the distributed @&Vvapplications.

Programmable logic controllers 1/0 channel speatians include the total number
of points, the number of inputs and outputs, thditabto expand, and the

maximum number of channels. The number of posthé sum of the inputs and
the outputs. PLCs may be specified by any possittebination of these values.

Expandable units may be stacked or linked togetiivéncrease the total control
capacity. Maximum number of channels refers tortteximum total number of

input and output channels in an expanded system.
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PLCs can be combined with most of the other teauies to provide a
sophisticated control and monitoring systgfig. 1.3).

Microelectronics //\ Decentralizatior
Communications Hybrid plants
Future- orientec
automation engineering

Informatior Mechatronics
technology

Structural change

‘ Technological progress ‘

Fig. 1.3 Motivation for a PLC to be used in contsgktems.

Available inputs for PLCs include DC, AC, analdgetmocouple, RTD, frequency
or pulse, transistor, and interrupt inputs. Owtgdat PLCs include DC, AC, relay,
analog, frequency or pulse, transistor, and triac.

Today many alternatives to the traditional PLC exibe soft PLC vendors are
offering “hard” PLCs. SoftPLC is a PLC with powarpply, rack, backplane, 1/0O

modules, plus a 486-based CPU. The standard unitics 16-MB (expandable)

DRAM, 8-MB (expandable) flash disk, and 128-4K lsyteattery-backed RAM.

SoftPLC Tealware also has built-in serial portd,0aBaseT Ethernet port, and a
remote I/O port. It also has hot backup capabiMiith a PC-104 magazine, can
have a CPU module, power supply module, four I/Qluhes, and up to five PC-

104 cards. These cards can be used for alter@atgyBtems (Profibus, DeviceNet,
PC-board 1/0), communications cards (additionalasgrorts, Data Highway Plus

card, Ethernet card), device interfaces (motiordgaproprietary interfaces), or
other cards.

The ATmegal28 is a low-power CMOS 8-bit microcolro By executing
powerful instructions in a single clock cycle, (nN€megal28 achieves throughputs
approaching 1 MIPS per MHz. The ATmegal28 provittesfollowing features:
128K bytes of In-System Programmable Flash withdRé&ile-Write capabilities,
4K bytes EEPROM, 4K bytes SRAM, Real Time Coun®RTC), four flexible
Timer/Counters with compare modes and PWM, 2 USARTsyte oriented Two-
wire Serial Interface, an 8-channel, 10-bit ADC hwiptional differential input
stage with programmable gain, programmable Watch@imger with Internal
Oscillator, The Asynchronous Timer clock allows thAsynchronous
Timer/Counter to be clocked directly from an ex&r82 kHz clock crystal even
when the device is in sleep mode [PARO3].
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Unlike PC-based control systems that first bootogerating system, then the
application for control, both of these SoftPLC syss are PLCs with a PLC
operating system. Upon bootup, SoftPLC embeds kit32eal-time, multi-tasking
kernel into RAM, creating a hard real-time deterlistin controller. According to
the company, SoftPLC’s instruction execution tinogsa 486-based system are
generally 2 to 10 times faster than conventionaC&LOn Pentium systems, scan
times are 50 to 100 times faster than a convertidh&. Rexroth ships all of its
controllers with 2 MB of RAM (4 MB optional) for es data. This supports PLC
programs equal to about 300,000 instructions.

PLC power options, mounting options and environmeoperating conditions are
all also important to be applied in control systéfig. 1.4).
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Intelligent field
devices and drivers

Cooperating units

Fig. 1.4 PLC with a number of computer interfacéianms.

Some programmable logic controllers are equippedotee problems involving

mathematical functions such as sine, cosine, tangeny root of x, e sub X,

natural and common logarithms required for the mdndf many processes. A
sophisticated programmable logic controller is tdpaof performing these

calculations on many different portions of a precesmultaneously. Such
calculations are often required for energy managgn@ocess control, process
modeling, and real-time error correction.

The ability to handle analog signals along withthemietic and other complex
calculations has made programmable logic contkeitable for process control.
In support of those functions, some programmalkigcloontrollers now have the
ability to store recipes for batch processing, oiulyithe need for manual inputs.
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In practice, controllers not only consist of a neatfatical definition (algorithm),
they also contain a number of control functions dperation, monitoring, safety
functions and linking possibilities in a controlleetwork at sampling rates from 20
to 2,000 Hz [BERO2].
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Programming anc
debugging system
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Operator ﬂ””ﬂ””

place

High level service

Fig. 1.5 PLC place in the industrial environment.

A modern programmable logic controller can alsospia$ormation back to the
operator. It can print out its own ladder diagramricord, review, or change, or it
can provide status or progress reports routinelprorequest. A programmable
logic controller can also display messages to suizendata or guide the operator.

Data-analysis programs are becoming increasingiynocon [JEEO5]. Usually each
programmable logic controller is assigned a tag eorumber. The programmable
logic controller initiates changes to data withime tcomputer database, which
initiate other control tasks. The programmabledagintroller also can track down
external faults. This capability is useful becaube machine and externally
mounted control elements such as limit switchelensids, sensors, transducers,
remote pushbuttons and selector switches are ysualth less reliable, and more
often a cause of machine downtime than the PLC (F).

Each part of a controller has a number of differetional functions whose

implementation or activation significantly influesg the controller response and
also defines the name of the many different tygekeocontroller
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1.2 Inputs/outputs modules

The PLC has a remarkable capacity for real-wofddénnectivity (Fig. 1.6).

Most PLC models feature a vast assortment of ihtargeable I/O modules which
allow for convenient interfacing with virtually arkind of industrial equipment.
PLCs read limit switches, temperature indicatord #me positions of complex
positioning systems.

Table 1 shows that on the actuator side, PLCs tpetactric motors, pneumatic or
hydraulic cylinders or diaphragms, magnetic relarysolenoids.

The input/output arrangements may be built intongple PLC, or the PLC may
have external I/O modules attached to a proprietargputer network that plugs
into the PLC [CLE96]

Table 1 Examples of PLC inputs/outputs

INPUT OUTPUT

Sensing Devices Valves

Switches and Pushbuttons Solenoids

Proximity Sensors Electric Motors

Limit Switches Actuators

Pressure Switches Relays

Special Input Modules (machine visigpriPneumatic or hydraulic cylinders or
systems) diaphragms

Resistance Temperature Detector (RTD),

Thermocouple, High-Speed Encoder

PLCs can have 220V AC, 110V AC inputs, 24DC inptrepsistor, relay, or triac
outputs.

24



Operator Converter of interfaces Industrial network

Panel RS- 232/RS - 485
Port RS - 485 Port RS - 232 Port RE - 232
Additional Additiona
Controller discrete Analogue
Inputs ; outputs | Inputs / outputs
Analogue Analogue Discrete Discrete
outputs inputs outputs inputs
Y YWY A A A
Analogue
Interface outputs Sensors
| | RS - 485 Analogue
inputs
Discrete
Frequency inputs
converter Discres
outputs
P > Control
. station
Analogue | | | -4 |
Interface outputs
RS - 485 Analogue [ Switch
inputs -
Discrete .
Frequency inputs < External
converter Discrete > conttrol
outputs system
Y
Yy Externa
Coil Block- control
o1 Contact system

Magnetic Contactor

Fig. 1.6 PLC I/O channel specifications.

1.2.1 PLC input signals

DC input modules allow one to connect either PNRur@ng) or NPN (sinking)
transistor type devices to them. When sensors ¢péyé, prox, etc.) are used, their
output configuration (PNP or NPN) is taken into@aut.

The difference between the two types is whetherdhd (the PLC is the load) is
switched to ground or positive voltage. An NPN tygemsor has the load switched
to ground whereas a PNP device has the load swlitithpositive voltage. On the
NPN sensor it connects one output to the PLCs iapdtthe other output to the
power supply ground. If the sensor is not powerednfthe same supply as the
PLC, it should connect both grounds together. PdiBaifer because the load is
switched to the ground. On the PNP a sensor comr@mw output to positive
voltage and the other output to the PLCs inputhéf sensor is not powered from
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the same supply as the PLC, it should connect Yotk together. The COMMON
terminal either gets connected to V+ or ground. khie is connected depends
upon the type of the sensor used. When using an Bitidor, this terminal is
connected to V+. When using a PNP sensor, thisitatnis connected to 0V
(ground).

A common switch would be connected to the inputa Bimilar fashion. One side
of the switch would be connected directly to V+.eTdther end goes to the PLC
input terminal. This assumes that the common teamia connected to 0V

(ground). If the common is connected to V+, ther end of the switch is simply
connected to 0OV (ground) and the other end to the iRput terminal [WEBO3].

Typical wiring: Input voltage for PNP is 0 — 5V O@r Logic «0», 17 - 28.8 V DC
for Logic «1». Input voltage for NPN: 17 - 28.8 \Cx2 mA for Logic «0»; 0 —
5V DC/>6 mA for Logic «1». Input current at 24V OE7 mA. Input switching
current Off/On >4.5 mA; On/Off /<1.5 mA. Respongeaé is 10 msec.

Consumption values for special function blocks (Z3®) can be found in Fig. 1.7.
The number of expansion I/O is the tables oppogitaximum 256 1/O). The
residual current can then be used to power sensbesPLC DC/DC/DC version
needs 240 mA, the DC/DC/Relay version needs 205 mA.

If it is connected one to a PLC 222, then 100 mA186 mA is left for an
additional expansion module. In any case it iegslfor a second EM232 (32/32).
A CPU222 offers 340 mA at 5V and 180 mA at 24VD®eT5V DC supply for
modules must be calculated. EM223 with 32 digit@luits/32 digital outputs needs
240 mA at 5V DC.

AA

24 | 2t C

16 | 100 5C 0

& | 175 125 | 78 | 2f

9 250 200 | 150 100 5C

\

0 g | 18 | 24 3z B

Fig. 1.7 Consumption values for special
function blocks.

A: Number of additional outputs; B: Number of adlhial inputs; C: Invalid
configuration.

AC input modules are available that will work wi24, 48, 110, and 220 Volts.
Today AC input modules are less common than DC input reg]uhe reason
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being that today's sensors typically have transigtaputs. Most commonly, the
AC voltage is being switched through a limit switmhother switch type [PARO3].

Commonly, the AC "hot" wire is connected to thetsWwiwhile the "neutral” goes
to the PLC common. The AC ground (3rd wire wher@liapble) should be
connected to the frame ground terminal of the PIG. is true with DC,

connections are typically color codpdlEBO3].

The common terminal is connected to the neutrat.wircommon switch (i.e. limit
switch, pushbutton, toggle, etc.) would be conreetbethe input terminals directly.
One side of the switch would be connected dirdctihe input. The other end goes
to the AC hot wire. This assumes the common terhigneonnected to neutral.

Typically an AC input takes longer than a DC input the PLC to see. In most
cases it does not matter to the programmer be@ause€C input device is typically

a mechanical switch and mechanical devices are. dlois quite common for a

PLC to require that the input be on for 25 or miliseconds before it is seen.
This delay is required because of the filteringahhis needed by the PLC internal
circuit.

The photocouplers are used to isolate the PLCrateaircuit from the inputs. This
eliminates the chance of any electrical noise @érgethe internal circuitry
[PARO3].

1.2.2 PLC output signals

A transistor can only switch a DC current. A sntalirent applied to the transistors
base (i.e. input) allows a much larger current ¢oslwitched through its output.
Typically a PLC has either NPN or PNP type outp8tsme of the common types
available are BJT and MOSFET. A BJT type often loager switching capacity
(i.e. it can switch less current) than a MOSFETetyphe BJT also has a slightly
faster switching time [MUEOQ5].

A transistor typically cannot switch as large adl@s a relay. If the load current
needed to switch exceeds the specification of tgud the PLC output, it is

connected to an external relay. The relay theroimected to the large load. In
summary, a transistor is fast, switches a smaliecty has a long lifetime and
works with DC only. A relay is slow, can switch arde current, has a shorter
lifetime and works with AC or DC. Typically a trassr takes about 0.5 ms,
whereas a mechanical relay takes about 10 ms. Rlifub characteristics are
shown in Table 2.
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Table 2 PLC output characteristics

Output type Switched voltages Response time
(resistive load)

Relay outputs <240V AC, 30V DC Off —On/On — Off 10 ms

Triac outputs 85 - 242V AC Off — On <1ms /On — Off <10 ms

Transistor outputs <5-30V DC Off —On < 0.2 ms &A\/24V
DC)
<15us (100 mA/5V DC)
/On — Off 0.2 ms (100 mA/24
DC)
<30us (100 mA/5V DC)

1.3 PLC safety - Overview of basic aspects of pratgon

1.3.1 System diagnostics

System diagnostics is the detection, evaluatiod, repporting of errors occurring

within the programmable controller. Examples oftsatrors are: program errors or
failures on modules. System errors can be indicaigd LED indicators or by the

program. Diagnosis is important in the operatinggghof a system or machine.
Diagnosis usually occurs when a problem (disturbaleads to standstill or to the
incorrect functioning of the system or machine. Daghe cost associated with
downtimes or faulty functions, the associated canfsthe disturbance has to be
found quickly and then eliminate&Emergency OFF devices complying with IEC
60204-1 remain effective in all operating modestloé plant or a system
[BERGOE].

1.3.2 Safety of electronic control equipment

Maximum reliability of the control system devicesdacomponents is achieved by
implementing extensive and cost-effective measwesng development and

manufacture: use of high-quality components, woaste design of all circuits,

systematic and computer-aided testing of all corepts of all large-scale

integrated circuits (e.g. processors, memory, .etmgasures preventing static
charge when handling MOS ICs, visual checks akddfit stages of manufacture,
continuous heat-run test at elevated ambient testyrer over a period of several
days, careful computer-controlled final testingtistical evaluation of all returned
systems and components to enable the immediatatimit of suitable corrective

measures, monitoring of major control compomerngggion-line tests (watchdog
for the CPU). These measures are referred to imtysabchnology as basic
measures according to IEC 61508 [IEC61508]. Thesvemt or rectify a large

proportion of possible faults
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1.3.3 Splitting the group into safety-relevant andnon-safety-relevant
areas

Most plants contain components for handling safetgvant functions (e.g.
Emergency-OFF switch, protective gates, two-handrots). To avoid the need to
examine the entire controller from the aspect tdtgathe control system is usually
divided into an area that is safety-relevant andraa that is not safety-relevant. In
the non-safety area, no special demands are placdtie safety of the control
equipment because any failure in the electronitegywill not influence safety in
the installation. In the safety-relevant area, haaveit is only allowed to operate
controllers or circuits which satisfy the corresgiog regulations.

The following divisions are common in practicalsitions:

* For control equipment with few safety-related dtions. The safety-related

functions are implemented with a fail-safe PLC.

« For controllers with balanced areas (e.g. chehiistallations). In this case also,

the area that is non-safety-relevant is controliéth a standard PLC, whereas a
tested fail-safe controller is in the safety-relgvareas. The entire installation is
implemented with a fail-safe control system.

« For control equipment with mainly safety-relevdahctions (e.g. temperature

control systems).

1.3.4 Redundancy

There are four major forms of redundancy [BERGU®se are:
1. hardware redundancy, such as DMR,
2. information redundancy,
3. time redundancy, including transient fault detettioethods, such as
Alternate Logic method,
4. software redundancy.

For critical applications where redundancy is reggiithere are many choices. The
main problem is what type of redundancy is useast fhe controller, redundant
I/O, redundant controller and 1/O, redundant cdfdgrpcommunications, and /O

[BERGOE].

Siemens, Rockwell, SoftPLC and others have trutljunelant, automatic fail-over

PLC systems off-the-shelf. A fault-tolerant andadety-related PLC are focused
on two applications criteria: failsafe F systems &ault-tolerant H systems. The
architectures of F and H systems are similar. Bathe a redundant design. Two
programmable controllers (with identical hardwaoperating system and user
programs) are connected with each other and contpaireresults. Any deviation

indicates a fault. However, the response to a teddault is quite different.
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A fail-safe system stops when an emergency appé€hesfault-tolerant system, in
contrast, does not go into stop mode during opmraiind must therefore be
designed so that, in the event of a fault, only fdndty section is switched off.

Individual devices differed, for instance, in syrmtization (clocked synchronous,
event-synchronous, cycle-synchronous) and in thesif-test functions for

localizing errors in memories, processors and I/Os.

Programming device

———————————\
( )

Subunit A Subunit B
Central Controller Central Controller
Two- Single- Two-
channel channe channe

Process

Fig. 1.9 Architecture of the fault-tolerant devices

The architecture of the fault-tolerant devices: weatral controllers compare their
results and switch off the defective device in¢lent of a fault. The I/O can have
a single-channel or redundant configuration.

Fail-safe systems usually comprise two redundanisCthat keep checking each
other for fault-free operation. For the F systeims idea of diverse (multi-track)
instruction processing is used. This makes it jptesdb carry out error detection
with just one CPU without sacrificing safety levéBUV certification to SIL3)
[BERGOE].

With the principle of diverse instruction procesggithe safety program created by
the user is executed twice - once normally, and awith inverse logic. In inverse
logic, AND becomes OR, for example, A becomes /AirfRerse) and the binary
operand BOOL becomes the variable WORD. If the ltafuthe positive logic
agrees with the inverted result of the inversedptiiere is no error. In addition,
diverse program processing is monitored by twopedelent hardware timers. This
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made it possible to carry out error detection byanseof software and do without a
second, redundant CPU. This method was first imptged on the Simatic S7-
400F/FH and S7-300F [MUEO5].
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Fig. 1.10 Principle of diverse instruction processiwith inverse logic.

1.4 Electromagnetic compatibility

Control systems must be designed for extremely hadjability. Furthermore, any
system must be “fail-safe”. As the electronics eantof automatic systems has
increased, so have the electromagnetic interfer@elgd) problems. The problems
are expected to get worse as system clock speddsgin edge rates increase, due
to increased EMI emissions and decreased EMI imtywBroblems occur when
one automatic system item's emission level excedus system item's immunity
level. In this case the problem can be solved loycig the emissions from the
transmitters or increasing the immunity of the reees.

PLCs are composed of several building blocks Iie ¢entral processing unit, the
analog to digital converter and the EPROM memonye Of the factors that affect
EMC is frequency. High-frequency digital systemsate current spikes. Higher
frequency periodic signals generate more emisgideg07]. Since PLC can work
almost anywhere, the worst case situations muasbemed.

First of all, PLCs are the victim of EMI, and oretbther hand, PLCs are the source
of EMI. The problem of EMC (electro-magnetic comipiity) is even more
complex than an explosion-proof design of autonmatemuipment. However,
depending on process requirements it also neelle taken into consideration in
the design of an automation system.

Electromagnetic interference can affect the prognabie controller in different
ways:

« electromagnetic fields which directly affect thestem;

« interference picked up via bus signals;

« interference acting via the process wiring;
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« interference reaching the system via the powpplguand/or protective ground.
Figure 1.11 shows the possible routes for electgmatic interference.

Electromagnetic
fields

f==p= m
Bus signal > uu | . £ Process wiring

Power supply module

Protective ground
Fig. 1.11 Possible routes for electromagnetic ifeegnce.

Interference can reach the programmable controllier different coupling
mechanisms, depending on the transmission mediand(ted or non-conducted)
and distance between interference source and thipregnt [FRIO1].

The productionenvironment contains several threats, including grotkansients,
radiofrequency interference, electrostatic dischaand power line electric, and
magnetic fields. Since PLCs can work almost anyehtre worst case situations
must be assumed.

PLCs as electronics systems may be exposed tohighyradio frequency (RF)
electromagnetic field levels. To avoid electromadgnimterference, the controller
IS mounted in a metal panel/cabinet and earthedptwveer supply. The power
supply signal is earthed to the metal using a winese length does not exceed 10
cm. If conditions do not permit this, the power glypdoes not earth [FREO7].

In the case of a process technological systenmgrdiftiation is made between the
so-called acceptable rangbe permissible error rangad the unacceptable error
range Here it is assumed that a process technologicdemsysn the course of

normal operation (steady-state operation) movekinvithe so-called acceptable
range, i.e. in the event of a drifting of proceasameters from the working point,
the system operates in the permissible error raige.protection of this operating

mode is realized by means of the actual automasgstem, whereby a

corresponding monitoring devicflimit value encoded) ensures that if the
acceptable range is exceeded (steady-state operatatus), the system is
automatically returned to the acceptable rangeifogoverned by the process
technology, by manual intervention. If this monimgr device fails, then a so-called
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safety devices indicated, which is also realized by means obaesponding limit
value encoder and at the very least returns theepso parameters into the
permissible error range.

Irrespective of these measures described, an adglitisafety device must be
provided, which comes into effect in the event aflure of the previously

described safety technology. This safety devicaireg a hardware basis which is
completely independent of the previous automatmripment, which encompasses
both sensors and actuators and also processoss.embures that in the event of
failure of monitoring or safety equipment, an amial automation structure
becomes effective in the process technology systiereby preventing any
drifting of the process parameters into the unded®@ error range (system
damage or breakdown).

Depending on the process class the different spatidhs of VDIA/DE 2180 must
be incorporated in the project design work.

The electromagnetic compatibility of the system poments with respect to pulse-
type interference, electrostatic discharge, bursipuise (rapid transient
interference), high energy single pulse (surgayssidal interference, RF radiation
(electromagnetic fields) and RF interference oneshnd cable shields define in
accordance with IEC 61000. The prerequisite fog thithat the system meets and
complies with the relevant requirements and gundsli relating to electrical
equipment. Emitted interference from electromagndields is defined in
accordance with EN 5501.

1.5PLC networks

Programmable logic controllers can also be spetifith a number of computer
interface options, network specifications and fesgu

Various methods of communication are availableoec different requirements.

MPI is the low-cost network for small amounts ofadd@ROFIBUS transmits small
to medium amounts of data at high speeds. Indudhthernet handles large
amounts of data at high speeds. Finally, pointgmipoffers a serial link with
special protocols.

A communication utility specifies how the commurtioa stations are to exchange
data and how these data are to be treated. Tlity igibased on a protocol which
describes the coordination procedure between conmation partners. A
connection defines the relationship between two manication stations. It
represents the logical allocation of two statioms £xecution of a certain
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communication utility. It also contains special Eweristics such as the type of
connection (dynamic or static) and how the conoedt established.

PLC used in large /0O systems may have peer-to-fe8P) communication
between processors. This allows separate parts @fnaplex process to have
individual control while allowing the subsystems tw-ordinate over the
communication link. These communication links afsoaoften used for HMI

devices such as keypads or PC-type workstationsieSeLCs have two serious
interfaces and can operate in RAAreeport modes [HASO06].

HMI (human-machine interface) combines the worldaotomation with that of
individual operator demands even then, the compengmovided for this
encompassed a wide range including Push Button I$ameuch Panels and
Operator Panels, Windows CE platforms, and PC-bésedlization systems, Multi-
user process visualization or SCADA systems (Supenw Control and Data
Acquisition).

PLCs may need to interact with people for the psepof configuration, alarm

reporting or everyday control. HMI is employed this purpose. A simple system
may use buttons and lights to interact with ther.u3ext displays as well as

graphical touch screens are available. Most moBé&x@s can communicate over a
network to some other system, such as a computeiny a SCADA system or

web browser.

The communication functions are the wuser progranmterface to the

communication utility. The communication functioage integrated in the CPU's
operating system and are called by system bloaksfernal PLC communication.
Loadable blocks are available for communicationhveikternal devices through
communication processors.

Widespread methods for communications with PLC: &8-232/RS-485 89%,
Ethernet — 86%, 4-20Ai0-10V DC — 81% [ZANOG].

Any controller within the network can be both masted slave. In order to be read
by the master, a slave's application must conteenRLC to PLC (IEC62014-3).
Using UDP to implement controller-to-controller comnication PC to PLC,
accessing PLC via SCADA enables the SCADA applicatd access the PLC. The
PLC is defined as a slave device.

Some equipment may come with only serial protoctéerfaces (e.g. RS232,
RS485)[WEI03]. The system is based on balanced circuits twisted-pair wires
(A and B). The data conversion of logical 0 andslmade by converting the
polarity of the two wires by reference to each gtivestead of changing polarity of
a single wire by reference to the "SG" (Signal Gu
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The noise immunity results from the fact that, whelactromagnetic noise is
induced over the differential signals, the sameseas induced on both signals.
When the receiver subtracts the differential signalhe result is noise
compensation. The same two wires are used for mittitey and receiving;
therefore, within RS485 networks, only one devie@ transmit while all of the
other devices 'listen' (receive). Baud rates o2 X®ps to 12 Mbps are possible for
interfaces of the type MPI/DP.

Transmission rates of 9.6 kbps to 12 Mbps are plesdor PROFIBUS-DP
interfaces. According to research the controllethwthernet communication
protocol and an integrated HTTP Web server is wideked [ZANOG].

Automation systems networlkse defined by the international standards: Indusri
Internet (IEEE 802), PROFINET (IEC 61158), PROFIBYEC 61158/EN
50170), AS-Interface (EN 50295), EIB (EN 50090, &nNiSI EIA 776)

The special modules are a physical connection legtvtlee Internet, Ethernet and
PLC bus. They permit the PLC system to be connectéddustrial Ethernet (IE).
The PLC can be configured, programmed, and diaghuie Ethernet even at a
geographical distance. In addition, diagnostic rgss can be e-mailed from a
system. Sending an e-mail was initiated by the B&€ program [MUEOQ5].

The fieldbus systems have been successfully intediuin the industrial
automation. The usage of Ethernet-based local conmation systems in this
domain ensuring the real-time behaviour of thestesys is being developed.

Profinet 10 provides the service definition andtpoml specification for real-time
communication based on Ethernet, IP, and UDP fer fteld area. It defines
services and protocols mainly for communicationneen 10 controllers (PLC)
and 10 devices (Remote 10O). It includes the archibe for real time control and
alarm messages taking precedence over paramesgmaodis, or infrastructure
messages including other TCP or UDP based protodas message priorities in
combination with the time division multiplexing appch with the direct data link
layer access provide short cycle times and loerjitt

PROFIBUS transmits small to medium amounts of datehigh speeds. The
transmission medium is a shielded two-wire cablée Ttransmission speed
determines the length of the cable within a segmEné maximum length at the
highest transmission speed (12 Mbit/s) is 100 nd 4000 m at the lowest
transmission speed (9.6 kbit/s). The maximum nunolbestations is 127. Stations
can be active or passive.

An active station receives a certain amount of timaccess the bus and send data
telegrams. After the allocated time expires, thaigh passes the token (access
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rights) to the next active station. This procedigrealled token passing. When
passive stations (slaves) are assigned to an astat®on (master), the master
communicates with its slaves while it has the tok&npassive station cannot
receive the token.

All PROFIBUS use token passing and are based on I8@-OSI model.

PROFIBUS DP for decentralized periphery links iingeint masters to slave
devices. PROFIBUS-PA, designed for process automaith hazardous areas,
permits the construction of an intrinsically satswork. PROFIBUS-PA is linked
by the segment coupler devices [BER0O2]

1.6 Survey in Estonia

The survey of consumers conducted in Estonia hasishhat in terms of the

capacity of PLCs (expressed by number of inputplas), micro PLCs (from 16

up to 128 inputs/outputs) are used by 27 %, theaaeesize of the PLC (from 129
up to 512 inputs/outputs) amounted to 27 %, greRlt€? (> 512 inputs/outputs) —
to 18 %, PC-based controllers - 10 %, nano-PLE&ss(than 15 inputs/outputs) - 7
%, soft-logic - 7 %, and builtin - 4 % .

Respondents use PLCs equally (72 % of cases) foceps and mechanism
management, for movement management - 45 %, fgndgics - 19 %, and in
other cases - 6 %.

The question - Do the PLCs cooperate with othetesys? - was answered by the
respondents as follows: connection by a networkatdPC - 30 %, work
independently - 29 %, through a network with otReCs - 24 %, connection by a
network of the distributed control system - 18 %.

Main ways of communication with PLCs were as follovby means RS232/
RS485 - 89 %, Ethernet — 86 %, and 4-20 mA/0-10 181 %. The consumer
survey in Estonia has also shown that an esséntiaase in wireless connections
with a PLC is expected.

A LAD language was found dominating among leadinggpamming languages.
The form of the survey are provided in Appendix 1.
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1.7 Conclusions of Chapter 1

1.

PLCs are made by means of CMOS technology provittiag functioning

with the maximal clock frequency at the minimal mswconsumption.
PLCs, similarly to many technologies in automatismpport the tendency
of the reduction of the sizes, increases in funetity and a set of
interfaces, the best compatibility with other kinolsindustrial modules.
Integration of inputs/outputs modules and the us@&kesoftware are key
opportunities of a PLC.

PLCs are considered today as a principal item tdraation. Their proven
reliability in harsh environments and design to dianmany inputs and
outputs has made them the foundation of many fpetotomated systems.

PLCs come in a variety of sizes: large, medium,llsm@cro, and nano.
They are programmable via software interfaced v@ndard computer
interfaces and proprietary languages and netwotikrog

IEC 61131-3 defines five programming languages tlee PLC. The
standardization of high level programming languaigesa Programmable
Logic Controller allows implementing more advancedtrol strategies in
PLC-based control applications.

PLC inputs and outputs connect the PLC with theirenmental world.
PLC transistor outputs are fast, they switch a bmalrent, have a long
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lifetime and work with DC only. PLC relay outpubging slow, can switch
a large current, have a shorter lifetime and woith vAC or DC. PLC
power options; it is important to apply their maungt options and
environmental operating conditions in control syste

A fail-safe system stops when an emergency appé@&ies.fault-tolerant
system, by contrast, does not go into stop modmglwperation and must
therefore be designed so that, in the event ofilg, fanly the faulty section
Is switched off.

Basic aspects of a process with PLC protectiorugelcomplex problems,
such as the system diagnostics, EMC, redundancy.

PLCs are robust and are typically introduced betwbe supervision layer

and the hardware. Using industrial fieldbus tecbgis, considerable
benefits can be achieved for distributed input/outevices.
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2 STRUCTURAL SYNTHESIS OF PLC CONTROL WITH
THE DISTRIBUTED 1/O

When inputs and outputs are located at consideralid¢ances from the
programmable logic controller, there may be longsref cabling which are not
immediately comprehensible, and electromagneticerfiatence may impair
reliability. Distributed 1/0 systems are the sabutiin such cases as the controller
CPU is located centrally, and the I/O systems (i®@und outputs) operate locally
on a distributed basis.

The development of distributed 1/0 system technplogs many advantages since
decentralized control results have higher flexipiln the planning process. They
allow for better implementation of individual regefinents. A plant with
distributed control can be extended more easily.

Considerable savings can be made particularly & rtiechanical installation,
fitting and wiring of the plant equipment due talueed cabling for distributed
input/output devices. A second factor is the widgety of field devices that are
available for this technology. To make the mosthafse advantages, the fieldbus
must be of standardized and open architecture.

All master systems consisting of a DP master andslaRes that are connected
using a bus cable and that communicate via the PBRIFDP protocol are
designated as distributed 1/Os. The high-perforreaPROFIBUS-DP bus system
with its high data transmission rates is availdblethe PLC’'s CPU and the 1/O
system smooth communication.

2.1 Configuring distributed 1/0Os with PROFIBUS DP

Configuring distributed I/Os with PROFIBUS DP issizally to assign DP stations
(PROFIBUS nodes) to a DP master system [BERO2].

DP master and its connected DP slaves make up an&d®er system. The DP
master links the controller CPU with the distriliiiéO systems. The DP master
exchanges data by means of PROFIBUS-DP with theldited I/O systems and
monitors the PROFIBUS-DP bus system. The distribit® systems (DP slaves)
prepare the data of the sensors and actuator$ylecathat they can be transmitted
by PROFIBUS-DP to the PLC’s CPU.

PROFIBUS — a system of field buses which can bal use all equipment of

automation, type PLCPC, HMI-systems, drives and sensors for data exchange.
PROFIBUS - [@ - the protocol optimized on speed - has been deee
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specifically for the link between the PLC ¥DQhe wizard) and the devices of the
distributed input-output (DP Slaves). The systeregmation resources are the
constituent of the base software modern PLC. Prograg of links between
controllers and other programmed systems is defiméie standard IE 61131-5.

The network organization represents a universal cfethe modular blocks
developed for the effective decision of problemsainmunications for the whole
technological process. Such a configuration uskdléctual devices at local level
which co-operate with each other on a network. djpenness and flexibility allow
connection between various systems and expansions.

A network segment can comprise a maximum of 32ostatthe entire network can
interconnect a maximum of 127 stations. The maxinmumber of DP slaves in a
DP master system is determined by the type of theraster used.

DP masters can be Class 1 masters for the datamgehn the online process
mode, and Class 2 masters for service and diagntastks as carried out by a
programming device [BERO02].

The field equipment for the automation of technipebcesses (types of sensors,
drives, converters and engines) even more oftes tigesystem of field buses for
information interchange with blocks of handle aftrér level

2.2 Development of the control system with S7 308;T200M, Ex 1/O
modules

The SIMATIC S7 Ex modules S7-300, ET 200M are usedtreating the control

systems in hazardous areas. The SIMATIC S7 Ex nesdbhve the following

license Ex Il 3 (2) G EEx nA ib IIC T4. This meathsit they can be installed in a
non-hazardous area and also in zone 2. Only iintetyg safe electrical equipment
(actuators/sensors) permitted in zones 1 and Zearonnected to the SIMATIC
S7 Ex modules. Physical isolation of non-Ex sigrieden Ex signals corresponds
to the requirements with regard to the configuratiof explosion-protected

automation technology. All automation systems atged to a common ground.

2.2.1 DP master control of the distributed I/O

The DP master is the active station in the PROFIBI@®vork and communicates
with its DP slaves by means of cyclic data transmis SIMATIC S7-300 CPU

315-2 PN/DP with integrated MPI/DP interface, a imedprogram memory and
quantity framework, high processing performancebinary and floating-point

arithmetic, is suggested as a DP master in theaosystem with distributed 1/O

[WEIO3]. SIMATIC Manager controls all transpiringit@mation data and all tools
necessary for processing this data.
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Data communication with the DP slaves is handlethbyprocess image input and
output tables of the CPU, or by direct /O accessrmands from the user program.
Interfaces and functions are available to handéeeaaluate process and diagnostic
interrupts. The CPU of the SIMATIC S7 also allole thanging of the parameter
sets for the DP and DPV1 slaves from within thegpaio.

The configuration data for hardware, the parameferassigned data for the
modules and the connection data for communicatierdafined and organized in
STEP7 software package. The programming and cawfignn software STEP7 is
available to programming an automation task:

e configuring hardware and setting its parameters;
« configuring networks, connections and interfaces;
e creating and debugging control program.

In a DP master system, a DP master controls omlyDiR slaves assigned to it. If
stations are configured appropriately, another nodethe PROFIBUS subnet -
master or slave, and referred to as ridseeiver -can now "listen in" to the input
data sent by a DP slave - called thender {0 its DP master.

2.2.2 PROFIBUS configuration

Within an automation system, reliable, effectivenoaunication between the field
level devices and the control system is critical dptimum control. To facilitate

the connection of field devices to PROFIBUS theunaxyl interfaces have been
integrated.

PROFIBUS DP

The control system consists of two masters witkridisted tasks (Fig. 2.1). Class 1
master looks after the control functions, whilessl2 master enables operating and
monitoring functions. A cyclic exchange of measgrand setting data takes place
between master 1 and the field devices. Parallghitodata, the status data of the
field devices is transmitted to and evaluated & ¢tass 1 master. No field device
parameters are set or other device information desithg cyclic operation.

The information necessary for establishing commativa is available to the
control system from the stored, device-specifiackemaster data (GSD) files
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Fig. 2.1 Configuration of the control system netwBROFIBUS.

One or more class 2 masters can access the fieidedeacyclically in addition to
the cyclic mode. With this communication type fenrtlinformation can be fetched
from the devices or settings made in the deviceSID&].

Each bus node must receive a PROFIBUS addressasaittikan be uniquely
identified on PROFIBUS-DP. The PROFIBUS addresseisin STEP 7 separately
for each on of the two PROFIBUS DP networks. Rit@sthe assignment of a
PROFIBUS address:

. The valid PROFIBUS addresses are: 1 to 125.
. Each PROFIBUS address can only be assigned orec®ihmaster
system.

2.2.3 Addresses in the DP master system

A DP master system with the DP master and all 2Resl is integrated in the
address structure of the central CPU, since theadld®PU addresses the DP slaves
as if they were centralized modules. A DP maststesy contains the following
addresses.

. Station address

Each station in the PROFIBUS subnet has a uniqdeeas. This station address is
the station number which distinguishes it fromadlier stations in the subnet.

. Geographic address

It contains the DP master system ID specifiedrdudonfiguration and the station
address on PROFIBUS which corresponds to the ragiber.

. Logical address, module start address
The smallest logical address is the module statessd of a CPU.
. Diagnostic address

DP master has diagnostic data and is addressedwliignostic address.
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2.2.4 Distributed modular 1/0 systems

The distributed modular /0O systems ET 200M aredutge connect sensors and
actuators to a central controller over PROFIBUSstiibuted I/O devices are
available with IP 20 and IP 65/67 degrees of ptaiac also with integral safety

technology, and as intrinsically-safe devices fee un hazardous areas. The
structure of the input and output area of the madP slaves ET200M is

variable. This structure is defined when the DPFveslés configured using S7

software HW Config. Station SIMATIC ET 200M inclugla@larm and functional

modules, the power unit module in the structure.nr@ation to network

PROFIBUS-DP is made through the interface modie33-2.

The internal bus signals are passed on from maduteodule via a bus connector.
The active bus sub-modules are used on to whichmibgdules are snapped, the
modules can be replaced during running operatiob gtvapping). The ET 200M
is used together with S7-300 modules possessing ctisgacteristics in the
environments with increased demands.

ET 200M is also suitable for redundant operatiorfault-tolerant systems. The
fail-safe S7-300 modules can be used in the ET 20@lMo mixed with standard
modules. In association with Ex digital modulegyinsically-safe sensors and
actuators can be connected from zones 1 and 2amitspkubject to explosion
hazards.

In network PROFIBUS-DP station SIMATIC ET 200M dag out functions of the
passive (conducted) device. IM 153-2 is used alsoD&® V1-Slave in a
combination to the DPV1-master for use of additioaayclic functions DPV1-
Slave.

The PROFIBUS subnet is used to establish a linthéodecentralized periphery.
The PROFIBUS DP communication utility is implicitiycluded.

2.2.5 Transfer memory with intelligent DP slaves

The master CPU does not have direct access tonimat/dutput modules of

intelligent DP slaves. For this reason, each iigilit DP slave has a transfer
memory which can be divided into several sub-acgadifferent lengths and data
consistencies. Depending on its division, eachligésmt DP slave appears to the
master CPU as a compact or modular DP slave. Theesgks of the transfer
memory are entered during configuration.

The addresses are specified from the standpoirth@fslave CPU during the

configuration of the intelligent DP slave. The asithes are specified from the
standpoint of the master CPU when the intelligeRt $fave is added to the DP
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master system. From the standpoint of the DP maskeraddresses of the transfer
memory may not conflict with the addresses of othedules in the (central) S7
station. From the standpoint of the slave CPU att@dresses of the transfer memory
may not overlap with those of the modules of theliigent DP slave [WEIO3].

Regarding user data access and data consisteecgdtiiess areas of the transfer
memory are handled as individual modules (the lbweddress of an address area is
the module start address).

2.3 PROFIBUS PA

PROFIBUS PA (Process Automation) has a specialstngssion method and
therefore satisfies the requirements of processnaation and manufacturing
engineering. This transmission method is definethéinternational standard IEC
61158-2. The low transmission speed reduces thespdwgs compared to the
PROFIBUS-DP and therefore enables an intrinsicailfe technique for use in
hazardous areas.

PROFIBUS PA uses the expanded PROFIBUS DP profocalata transmission.
In addition, it implements the PA profile which sffes the characteristics of the
field devices. The PROFIBUS PA enables bi-direcla@ommunication between a
bus master and the field devices via a shieldedvtive line. At the same time the
power is supplied to the two-wire field devicestba same lines.

PROFIBUS PA is designed specially for the high-spbeand reliable
communication required in automated process engimgeeWith PROFIBUS PA
sensors and actuators are linked to a common fisldime, even in potentially
explosive areas.

2.3.1 Interfacing

Two network components aravailable for linking PROFIBUS DP and
PROFIBUS PA, namely the DP/PA coupler if the PROQFEBDP can be operated
at a transmission rate of 45.45kbit/s, and the BPIiRk which converts the

transmission rates of PROFIBUS DP to the transmissite of PROFIBUS PA.

Parameterization is carried out using STEP 7.

PROFIBUS PA devices are integrated in PROFIBUS BRvorks by segment
couplers.

Depending on the size of the system and thus the&eu of field devices and the
required timing, the system must be implementedh wite or more PROFIBUS-
PA channels. A PROFIBUS PA channel consists ofcttraponents shown in Fig.
2.1.
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The signal conversion DP/PA, bus feeding and busiitation functions are
combined in a coupling module. Depending on thebbemof PROFIBUS-PA field
devices to be operated in the automation systenttendequired timing, a DP/PA
coupler or, in the case of higher requirementspeerpowerful DP/PA link is used
(Fig. 2.1).

In the system configuration, several PROFIBUS PAnttels are connected to the
fast PROFIBUS-DP with coupling units. The PLC isaalinked to this. Both bus
systems use a uniform protocol layer. This makes BROFIBUS PA a
communication-compatible extension of the PROFIBFSinto the field.

Concerning top level systems (automation devicesnector DP/PA link is DP

slave, and concerning systems of the bottom levéie-DP-master. Connector
DP/PA link realises network transition from the measystem PROFIBUS DP to
PROFIBUS PA. In this case both bus systems phygicabrk independently

through IM 153-2 (galvanic communication) with tleports and time format.

2.3.2 DP/PA coupler

The module of the communication DP/PA coupler igleysical connection
between PROFIBUS DP and PROFIBUS PA. At independesrk it gives a
chance to address field devices PA through PROFIEMS The module of
communication DP/PA coupler realises transfer betw®ROFIBUS DP and
PROFIBUS PA to which field devices PA are connectedhe drawing (Fig. 2.2)
integration of the communication module DP/PA ceujih the system is shown.

The module of communication DP/PA coupler Ex isgedito connect field devices
PA in harsh environments.

D ~ Engineering station
[.C1]  with SCADA
. s
Industrial Ethernet ‘

DF-master D Stand-alone
['. 1 Jlcomputer with PDM.
e §
PROFIBUS DP
D DPelave m DI /PA coupler Ex (i)
PROFIBUS PA

1 1

%

®

Fig. 2.2 Integration of DP/PA coupler in a system.
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2.3.3 Defining cable lengths

The maximum line length in a MPI subnetwork is 50ana baud rate of up to
187.5 Kbaud with non-isolated interfaces. Betweades with isolated MPI
interface the line length of a segment can be wprt@ximum of 1000 m, provided
the transmission rate of 187.5 Kbaud is not exagede

PROFIBUS PA cable cannot be used for PROFIBUS DiReda a hazardous area,
because the two protocols differ in their conversad the physical layer (OSI
model). Whereas PROFIBUS PA is based on the IEC5&?P1 standard,

PROFIBUS DP uses the RS485 standard in the elactrarsion. Therefore the
physical properties of the cable are different. FEBUS PA and DP cables differ
in surge impedance, loop impedance, and signalwstsn.

An additional terminating resistor T is fitted dtet far end of the bus for

transmission-technical reasons. When using themewanded bus cable, the
theoretically possible line length (sum of all lisections) is a maximum of 1900
mm. The voltage drop over the lines supplying tellfdevices must be taken into
account in the planning. The individual field desccan be connected almost
anywhere in the bus system.

DP/PA-coupler or DP/PA-Link is supplied by a powsrpply unit with SELV
Safety ExtraLow Voltage). This power supply hascadge reserves for bridging
brief power failures.

The DP/DP Coupler can only be operated as a DP&t&sh combination with a
DPV1 master. The additional functions (acyclicalvems) of a DPV1 slave can
only be used if this is the case.

DP slaves defined as DPVL1 slaves in their GSD d¢é@ be selected from a
dropdown list for operation in DPV1 or DPVO modéid GSD file is included in
STEP 7. DPV1 is supported with full and uniformghastic functions [WEIO3].

2.4 PA intelligent device analysis

In harsh process conditions with high chemical phgsical abuse, reliability and
accuracy are critical for safe and economical dpmra Throughout the shale-
chemical industry, measurement requirements carexbeme. Everyday tasks
include different measurements and call for anvildial solution.

Because the measurements are carried out in exyréraesh ambient conditions,

specialized process instruments (e.g. pressurizeldsres) are often required for
the safety-relevant approvals (ATEX, FM, SIL, WHG).
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Modern PA devices are intelligent and execute phthe information processing
in automation systems. This was previously donthbyPLCs or DCS systems.

The PA profile is designed in co-operation with giecess industry and defines all
functions and parameters for different classes nstriments. It is based on
internationally accepted function block technology.

A PA device has three function blocks.

* A Physical Block describes the necessary paramatetgunctions of the
device itself (software version, serial number,d@nD, reset command).

e A Transducer Block contains parameters which hdfexteon or describe
the type of sensor or actuator. Transducer bloclky ralso contain
parameters for calibration and linearization. Thecpssed information is
passed on to the Function Block. If a device hasensensors, it has
corresponding Transducer Blocks for every sensor.

¢ Function Block contains one or more cyclically asible inputs or
outputs parameters (process values). These car beatbg or discrete
nature. Other parameters: setup scaling, alarmsiaihéactorization.

Some devices consume more power when there isktdepnowith itself. The FDE
(Fault Disconnection Electronics) current is thiddigional static/basic current
consumption. Some devices have no FDE current. \Wihexe is a problem they
consume the same current. But when the problemnibezovorse, the device shuts
itself down from the bus (no more power consumption

The control system consideration is to provide thessibility to connect
programming devices as well as operator panelseslar DP standard slaves of
other manufacturers to a PROFIBUS DP network.

EMERGENCY-OFF equipment to IEC 6204 retains an afi@nal state in all
operating modes of a system [EXPO06].

2.5 Configuring the network

The network configuration tool, NetPro, provideg tjraphical presentation and
documentation of the networks and their stationd aets up the subnets and
stations (Fig. 2.3).
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Fig. 2.3 NetPro: configuring network window.

NetPro also shows a graphic presentation of a D&tenaystem with all its DP
slaves, which can then be edited. The communicatamections are configured in
the connection table.

2.6 Designing a PLC system

There are many methods for PLC system design, appes to company
procedures and practices accepted for trainindaadion [ISO 11064].

The controlled object is divided into sections thave a level of independence of
each other. This determines the boundaries betwkencontrollers and the

influence of the functional description specificais and the assignment of
resources. The descriptions of operation for eamttion of the the controlled

object are written, including the 1/0O points, fuocial description of the operation,
states that must be achieved before allowing adboreach actuator or sensor,
description of the operator interface, and anyrfates with other sections of the
process or machine.

Besides this, equipment requiring hard-wired Idgicsafety is identified. Control
devices can fail in an unsafe manner, producingpmeted startup or change in the
operation of machinery. Where unexpected or incbwperation of the machinery
could result in physical injury to people or sigedint property damage,
consideration should be given to the use of eletiechanical overrides which
operate independently of the PLC to prevent unsgfrations. In the design of
safety circuits the following tasks are considered:

» ldentifying unexpected operation of actuators tiwatld be hazardous.

Identifying the conditions that would assure theragion is not hazardous,
and determine how to detect these conditions inu#grgly of the PLC.
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e Definition how the PLC CPU and I/O affect the pregavhen power is
applied and removed, and when errors are detedtisd.ififormation
should only be used for designing for the normal arpected abnormal
operation, and should not be relied on for safetppses.

e Designing manual or electro-mechanical safety ddesr that block the
hazardous operation independent of the PLC.

e Providing appropriate status information from theddpendent circuits to
the PLC so that the program and any operator axtesf have necessary
information.

There is generally sufficient company documentativailable for problems such
as explosion protection (explosion-proof designaotomation equipment and
systems), whereby the requirements arising fromcgs® technology can be
implemented quite successfully [EN 50019], [EN 5002

Similarly, the problem of lightning protection mugimply with its proper place in
this context, since it also plays an important liol@dvanced system automation
[IEC 62305].

2.7 Installation of PLC

The installation of a PLC is designed to be safeemsy and it is selected in accordance
to the local and national standards.

Units should not be installed in areas subjech#ofbllowing conditions: excessive
or conductive dust, corrosive or flammable gas,stooe or rain, excessive heat,
regular impact shocks or excessive vibration [BJL03

Always the mounted units and blocks are kept asm$apossible from high-voltage
cables, high-voltage equipment and power equipnidrg.input signals should not
be installed in the same multicore cable as owiguials or the same wire. /O signal
cables should not be installed next to power catedlow them to share the same
trunking duct. Low voltage cables should be reliabbparated or insulated with
regard to high voltage cabling.

Where I/O signal lines are used over an extendgdrdie, consideration for voltage
drop and noise interference should be made. Allgrovables must be at least 2
mn? (AWG 14) [BOLO03].

During emergencies all circuits to and from the aniunit configuration should be
turned off using a switch external to that confagion. The active system should
have a reliable method of fully isolating the highitage. Ground resistance must
be less than 10@ (class 3). The ground cable must not be conndot¢de same
ground as the power circulits.
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If the system being installed uses the service Igufppm both the PLC and a
powered extension block, then the OV terminals khde linked. An external
power supply is not connected to the PLC 24V teaimin

Common errors appear when the 1/O devices have bsem outside its specified
operating range or an input signal occurs in ateh¢ime period than that taken by
one program scan or 24V DC power supply is oveddad

2.8 Equipotential bonding of explosion protected stems

Potential differences may develop between the Isodie electrical equipment
which are bonded to a protective conductor andcthreductive elements of the
construction which do not belong to the electrieguipment, for example, the
piping. The bridging of such potential differengeay cause the ignition sparks.
Equipotential bonding requires that conductive mptats which are not touch-
protected are interconnected with the ground caiodué practical central point
for equipotential bonding is the distribution caddinThe cross-section of the
equipotential conductor should at least be equitaie that of the corresponding
protective conductor. In general, the minimum cresstion of the equipotential
conductor is 10 mmCu [DENOS].

The backplane bus and I/O power circuits of Ex nheslifeature galvanically
isolated, i.e. equipotential bonding is not requifer these modules. Where
lightning protection devices are required in theimsically safe circuit, they must
be connected to the EB conductor at the same psittte shield of the intrinsically
safe circuits. Generally, cable racks must be pa@ted throughout the earthing
system [DENOG].

2.9 Conclusions of Chapter 2

1. DP distributed 1/O system allows installation ofetH/O modules
connecting the PLC to the control object in itsinity, at a distance from
the PLC.

2. The distributed 1/Os are linked to the central coligr with minimum
wiring by means of the PROFIBUS bus systems.

3. The benefit of PROFIBUS compared to other systesnthat the only

PROFIBUS can be used in all parts of the planttfeps, process and
downstream).
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PROFIBUS known as “open” is a bus with internaticstandards and for
which various manufacturers can provide the colar®l and the
compatible interfaces.

According to ATEX théhazardous areas are classified into zones (021 or
for gasses and vapours, 20, 21 or 22 for dust).

A fieldbus topology for a safe area applicationludes a control system
with a fieldbus communication controller, the field cable, and some
instruments.

Most of the instruments are bus-powered and thenaamication signal is
on top of the power supply on the same pair of svishielded twisted pair
fieldbus cable).

The main advantage is the real saving that can dsenthrough reduced
cabling outlay and reduced costs for planning,mbse comissioning and
maintenance.
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3 DEVELOPMENT OF THE DESIGN METHOD FOR AN
EXPLOSION PROTECTED CONTROL SYSTEM

3.1 Control system hardware structure

The liquids are pumped into appropriate tanks éongdorary storage. To prevent
these tanks from overflowing and thus reducing risk of costly cleanup and
removal operations, a built-in overflow protectidavice continuously monitors
the level in the tank — a good solution that i® @degal requirement [BES07]. The
technological parameters, such as temperaturesyreesand liquids density should
also be measuredhe pump controls are to be equipped with intefitgectuators
[INGO6].

Geographically, the park of DGO tanks occupiesrgateterritory (Fig.3.1)At a
great distance, installation of the control sysiaputs and output is difficult and
confused. Electromagnetic compatibility influendke reliability. For work with
this system the distributed inputs/outputs configjon is used. At high speed of
transfer PROFIBUS DP provides a stable relationveeh CPU control systems
and devices of the distributed input/output.

The bus topology is freely selected so that limecstire is possible. Some kinds of
field devices, such as sensors, are connectedetdPROFIBUS PA, while the
actuators are connected to the PROFIBUS DP.

Fig. 3.1 DGO storage tank park.

Sensors (Fig. 3.2) are connected on PROFIBUS PA wardkr requirements
ATEX: on one DP/PA coupler there may not be moesntten sensors. In that case
a current does not exceed 118 fWEIO3].
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In the configuration there are six DP/PA couplérge from them for ten sensors,
the 6th is a reserve item.

For a lining inEx zones a cable of type A is used with a speciafhrgarical profile
according to IEC 61158-2. The sensors are fed ttmnsame cable (to 1#&8),
the same cable for a feed and an information signaded.

For the actuators control circuit 15 actuatorstéaks) are connected on the first
segment of PROFIBUS DP, 16 (at tanks) are on thergk and 18 are connected
(at pumps) on the third. Such a configuration igsea not by the requirements of
ATEX, but by the geographical location of the cohgystem actuators.

As the DP master the controller S7-300 CPU 315-AN-DB used in the
configuration of network PROFIBUS. It operates BBsors and 49 actuators.

3. 2 Configuration of the control project accordingto demands

The following requirements in terms of control gstengineering are set on the
controllers:

1. reliability through duplication of controllers it the possibility of hot
replacement and unaccented transition to the workimtroller;

2. possibility of construction distributed PLC mysis.

The functions carried out by the devices of autdienetntrol in the developed
control system are:

1. equipment diagnostics;

2. measurement and the control of technologicadrpaters and definition of the
reasons of the emergency occurrence;

3. the alarm system (light and sound) at a fauteohnological parameters and an
emergency condition of the equipment;

4. logic control of blocking and protection; emeargg switching-off the process
equipment;

5. control of the actuators.

3.2.1 Connection of sensor controls and actuators PLC

The configuration and adjustment of the connectedsuring sensors and actuators
were carried out by means of SIMATIC Manager. Whk help the HWConfig
utility it is possible not only to configure anddadss to the hardware configuration
of the corresponding equipment, but also to seekrmdits in the form of the
hardware catalogue.

53



i I ey

o ees
N I T e E— Y=Y,
-\-_ | J/" .
—— N R~
Peens — GRees |
' X [ B ;
~ e/ | \Es/ |
( easss CEETEN
\ — .
- { \I_ .I/_ \.\' -//l
_______ . ! I’/_-J"'/_lmm—l
PR B \BS, —T
........... e s N
CEE seees |
i 3 / 7 ;.5
- N
Sl ANBY \B4
e O s re D —
[ eoeses CLECTIE
\\ﬂ |'ff | \.\
L8 \ B \ E2 J |/
e \\\Ej \%__ // ;-’; 24
“-M\T\_(J” r, ;”’m o 1|

Fig. 3.2 Arrangement of sensors on tanks.

With a network of Ex, the requirement that all solee should be spark-preventive
is obligatory. It is reached either by current @ase, or by a special lining of a
cable.Ex coupler gives out 1MA that provides sparks/arches no-appearing, for

example, at breakage or switching.

Master systems PROFIBUS PA Configuration was camig by means of STEP7.
Necessary field PA-devices moved out from the hardwcatalogue of in PA
master system so that they were displayed undeiraBA2.

PROFIBUS network configuration for sensors in ah storage tanks is shown in

Fig. 3.3.
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Fig. 3.3 PROFIBUS network configuration for sensord 0 storage tanks.

Table 1 shows the addresses of sensors in tanks.

Table 3 Addresses of sensors in tanks

Addresses of sensors in tanksl - E-10
PIR LIRA LIR QIR TIR

E-1 266-270 | 286-287 276-280 271-275 256-260; 268.-26
E-2 281-285| 298-299 288-292 293-297| 300-304; 30%-30
E-3 310-314 | 315-316 317-321 322-326 327-331; 33-33
E-4 337-341 | 342-343 344-348 349-353 354-358; 359-36
E-5 364-368 | 369-370 371-375 376-380 381-385; 38B-39
E-6 391-395| 396-397 398-402 403-407 408-412; 41B-41
E-7 418-422 | 423-424 425-429 430-434 435-439; 44D-44
E-8 445-449 | 450-451 452-456 457-461 462-466; 46l7-47
E-9 A72-476 | A77-478 479-483 484-488 489-493; 4RB1-49
E-10 499-503| 504-505 506-510 511-515 516-520; 528 -5

3.2.2 PROFIBUS DP for INTELLI+

The new motor management system supplies consigieraive data and offers the
possibility for comprehensive service functionakjWEI03]. 49 pump drives are
retrofitted with the new management system in ih& tep. The new process
control system is in full operation, the devicesllwe connected via the
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PROFIBUS DP to the integrated solution without dimye delays. To facilitate
this, the bus was addressed already when instahmgrst device (Fig. 3.4).

Hardware description

Bernard actuators with INTELLI+ control provide tkelve control. The actuator
is normally supplied by the mains but in cases a¥slof power supply an
emergency supply could be used to continue to camsate through the bus. This
emergency supply needs 24V DC 4W.

In cases of loss of communication the actuatoratperto the close position, open
position or stays in current position. Also, in €&aof loss of communication all
controls are reset.

The microprocessor guarantees dynamic control ef a@btuator by testing and
validating its components and parameters in realetiwhile storing and
transmitting to the system, the requested inforomatvhich will allow the setting
of a preventive maintenance for the actuator anceiaited valve.

The INTELLIBUS module is only acting as a PROFIBBI&ve. PROFIBUS cable
conforms to the EN50170-2 standard and of typet A $eparated from the other
cables with a distance of at least 0.2 m, a caalk | connected to the earth. All
actuators are at the same earth electrical potentia

Valve control by the PROFIBUS is possible onlyhiétactuator rotating selector is
on the "remote" position.

Conditions which can prevent a command to be erecut
e actuator rotating selector on "local" or "OFF";
e alarm tripped (motor thermal overload);
« emergency command received (ESD).

The fieldbus communication of an intelligent actwatvith a PLC reduces the
number of wires to two, no matter the volume ofoindation and allows the

actuator to take full advantage of the capacitifiered. Thanks to a precise
algorithm, the microprocessor guarantees controlthe actuator and valve
parameters, the position and torque measurematit, tfeatment (with different

fault tolerance levels), and providing it infornmati in cases of changes in the
performance and capacity functions.

ESD is a remote emergency control signal with fisioover all other controls.

Depending upon the valve operation, ESD can beigunefd to an Open, Close or
Stop command. To increase the availability of tbei@or in extreme conditions,
ESD can also override the motor thermal sensorigmore any possible torque

56



overload that may be previously set. All commundara between the actuator and
the system (commands and information) are transchdh the same unique line.

Field bus connection

The INTELLIBUS, a PROFIBUS-DPV1 slave module, isntolled by two
masters PROFIBUS-DP: PLC and PC. The PROFIBUS DiRktface is used for
the Bernard actuators with INTELLI+ control. Thistérface is compliant with
PROFIBUS DP (V0) and PROFIBUS DPV1. Hardware comication standard:
RS 485. The PROFIBUS DPV1 interface has been dpedasigned for the
Bernard actuators with INTELLI+ control.

INTELLI+ includes a control logic and power cont@ast It ensures the full control
of the actuator including status reports, faulatmeent and protections. Up to 17
different types of faults and alarms can be replorte

A fundamental featureof the developed control system is the autonomous
execution of all protection and control functiofifiis means that even if the bus
system or the process control technology fails, rietor feeder maintains its
operation and protection. Even a particular behavifor fault cases can be
parameterizeflGDAO2].

Two PROFIBUS interface boards are built in the amiuwith isolated connections
to the PROFIBUS lines. In cases of failure alondine, the PLC can still
communicate through the other line. Bus is elealijctotally isolated from the
actuator circuitry. In cases of a redundant verseach input is electrically isolated
from the actuator circuitry and they are isolatenhf each other. A loss of actuator
power supply does not lead to a field bus disrumptio

PROFIBUS DP architecture

The PROFIBUS cable coming from the PLC is connetitettie first actuator, then

the PROFIBUS cable links this actuator with thetreme and so on. All actuators
are connected to the line one after the other thmilast one. No return to the PLC
is required.

A termination was installed at each end of linedidd repeater modules allowed
increasing both the number of actuator on the dind the total line length. The
important advantage of the repeater compared &r odpeater-free technologies is
to keep the communication speed unaffected aneftbrerto achieve a very short
response time.
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Fig. 3.4 PROFIBUS network configuration for 49 aatturs.

Repeaters are also used to achieve additionalibes &t a low cost if placed at
PLC output. Each line is independent of the othet therefore a problem on the

line does not affect the others (Fig. 3.5).

The bus interface is used for sending commands dcatd over a single line.
Specific documentation details the methods for @sking the individual actuator
and provides a list of addresses for accessimg@imands or data sources.

Lost communication is used to configure the fdiegaosition. This function is active
in the standard configuration, and the actuatoraiemin the same position if

communication is lost.

Special PROFIBUS cable conforms to the EN50170addsrd and of type A

[WEIO3].
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Fig. 3.5 Configuration PROFIBUS for Bernard actuesto
Maximum line length is reduced according to the swmication speed:

Table 4 Maximum line length according to the comigation speed

Transmission baud | <93.75 kbit/s | 187.5 kbit/s 500 kbit/s 1.5 Mkbit/s
rate

Maximum line 1200 m 1000 m 400 m 200 m
length

Acyclic communications

The INTELLIBUS supports acyclic communication (ex®on V1 of the
PROFIBUS protocol) which allows reading the actuatstate, and reading out alll
its configurations. Master class 1 supports cycbenmunication. It is the same
PLC which manages the actuators.

Master class 2 supports all the acyclic commurocatilt can be included to
PROFIBUS without interference. A laptop equippedhwa PROFIBUS module
and PDM software is used as master class 2 anywineltee line.

The INTELLIBUS supports the Read and Write messagiesnaster class 1

(MSAC1 Read, MSAC1 Write). For master class 2, thiterface supports

Initiate, Abort, Read and Write services. Interfé@oard supports a maximum of 2
simultaneous class 2 master connections. Actuatorol bits are located at the
addresses 0 to 4 on the INTELLIBUS module.

3.2.3 Configuration software for all process device

For Configuration master system PROFIBUS PA andipatrization field devices
PA, additional software SAIATIC PDM is used. Field PA-devices are integrated
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in SIMATIC PDM and in STEP 7 as standard slave ubfo their DDBF-files
[WEIO3].

SIMATIC PDM (Process Device Manager) is the unifaaftware tool for central
access to all communication-capable process dewithm a system. It facilitates
the manufacturer-independent operation, adjustnrmaintenance and diagnostics
of intelligent process devices. All devices andcpdures integrated in process
automation system are safely under control (Fig). 3.

SIMATIC PDM contains a simple process monitor @ irocess values, alarms
and status signals of the device.

o Uit ithed - SIMATIC POM Lifel ist
Fie Deviee Sean Ve Heb
D=l it|mie] Siw|
Al Dovice slalus
<hiddresur | {5>
B 1 ANV user — PR
[ 2! Acive master - -
=F -1 Elave has been asugned parameters by a diferent master, .. PROFIBLIS LiNK (BHL5T)
{9 sITRANG P DSIT watchdog active SITIANS P D5 111
& 10 WL Watchdog active STTRANS THADO
4B 13 PaintekCL5 00200 Wakchdog activa Paintek CL5300
B 4 Slave h segned parametors by o dfferent master, .. PROFIBLIS LIKK (PMEST)

& 1o Shava by ssigned paramatars by @ dffarent master, ., INTELLIBLIS FOP REDUNDANT, . |

Fig. 3.7 SIMATIC PDM in the PROFIBUS configuration.

SIMATIC PDM complies with NAMUR specification NA6dn status signaling of
field devices and supports the NAMUR recommendabi&@®1 on plant-oriented
asset management. The process devices’' diagnagitcss in connection with
PROFIBUS communication and the Electronic Deviceddiption (EDD) are used
in PDM.

SIMATIC PDM ensures functioning, service and autbadiagnostics of
intellectual devices. SIMATIC PDM supports some ommication reports and
keeps in contact:

e with the devices equipped with built in interfacR@®~IBUS-DP and
connected directly to network PROFIBUS-DP (actusjtor

e with the devices equipped with built-in interfaceR®FIBUS-PA,
connected to segment PROFIBUS-DP through modulesmmunication
blocks DP/PA (measuring devices).

Device adjustment is carried out by means of aigardtion mask, enclosed in the

tool. The structure of the construction of the iifsiee meets the requirements of
standard DIN V19259.
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SIMATIC PDM allocates two groups of the users: géxpert and the engineer in
operation (Fig. 3.8). The engineer can change thrdyworking information, while
the expert can change any information

et i

s e e

s 444J4iiﬂﬂi

|

Fig.3.8 Expert access.

The following settings were carried out:

» Settings using a configuration tool STEP 7, HWaKg to select the desired
configuration according to which the cyclically nemitted user data will be
structured.

* Settings using SIMATIC PDM to set parameters Wha¢so influence the cyclic
user data.

3.3 Measurement

In the measuring operation, measured values sugbressure, filling level are
provided via the PROFIBUS interface. For operatna PROFIBUS-PA PC
software SIMATIC PDM is used.

Measuring converters SITRANS P of series DS aral usemeasure pressure,
liquid level and density in all 10 tanks. In ser@S there are special devices for
connection to PROFIBUS PA. As PROFIBUS PA has a$peed of transfer and

consequently the insignificant expense of capaditgse devices are chosen for
installation in an explosive zone.

Reliability confirmed by the certificate TUV [ZANQ6 SITRANS P DSIlI
transmitters have a wide range of certification:BEXTEEX ia, EEx ib, protection
against dust, FM, CS. The parameters adjustmenbeaarried out as remotely by
means of the bus, and locally by means of thretobsitof the local indicator.
Installation of measuring converters is executeduth PROFIBUS PA.
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Adjustment parameters, using the configuration td@V-Konfig is carried out.
According to this configuration cyclically transfed user data will be structured
here.

3. 3.1 PROFIBUS test project configuration

The PROFIBUS test project for parametrization oéfsensors of one storage tank
was created (Fig. 3.9). The connection made iscbasghe technology of the bus
line (Fig. 3.10) [WEIO03].

paN g

Fig .3.10 PROFIBUS PA field devices.

By means of Hardware Configuration utility systerR-Bhaster with use BJPA-
link was established: the interfacing module IM153-% weserted into the DP
master system. Simultaneously with thB-§lave, the system of the PA-master in
the PROFIBUS network (45.45 Kbit/c) was created.
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Fig. 3.11 DP-master system in the hardware confgjon.

3.3.2 Pressure measurement

The pressure was measured by the measuring con8¢fieANS P DSIII.

Fig. 3.12 SITRANS P
DS Il transmitter.

The SITRANS P pressure transmitters with extensiignostics and modelling
functions provide pressure measurements in altaeks. The construction of the
SITRANS P DS Il transmitter provides a device-greted zone separation.
Thanks to this design, the device’'s process coiorecan be operated in zone 0
and simultaneously supplied with EEx ib auxilianeggy.

Reliability (certificate TUV), accuracy and clasgsiftion SIL guarantee the highest
level of safety for the conditions of the oil shaleemical industry environment,
therefore it was selected for this control syst&E3$07].

The measuring range is from - 5kPa to +5kPa. THE&RENS P DS Il pressure

transmitter is the instrument for measuring pressuhazardous zones with harsh
ambient conditions.
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SITRANS P DS lll for pressure measurements hafoll@ving parameters:
. accuracy< 0.075 %

. long-term stability <= 0.25 % / 60 months

. measurement range of 1 mbar to 400 bar

. certification: ATEX EEX ia, EEX ib, protection agat dust, FM, CS
. installation through PROFIBUS PA [WEIO3]

: DGEM_root_2_test_connect -~ C:{Documents and Settings'DGM-E\Desktop'prrr DGM,

Parameter | Value | Unit | Status
»_» Transducer Block 1
Static Revision No ] [ |Initial value
Transmitter Type |Pressure ] |Initial value
» & w_Measuring Limits
Unit Pressure Raw ‘alue [bar | [Initial value:
Lower Value Min 525 [bar—[Initial value:
Upper \alie fax 025 [bar | Initial value
»_» w» Measuring Range
Unit (Secondary Value 1) [bar = [Initial value
Lawer Value bar ZJbar Initial value
Upper Value rbar bar[Initial value:
»_» w Working Ransm""
Uit Aty [Initial value
Lowser Value I o bar |Initial value:
Upper Value kgiom? bar |Initial value
»_» w CharacterizatiinH20
Characterization Type inH20 (4°C) b Initial value
Low Flow Cut OF % [Initial val
Start Point Square Aost 1H20 (1701 1% nitial value

il
Wi Hurnber of Coardinat |2 Initial value
Wiax Number of Caardinat 31 Changed
Humber of Cogrdinates |2 Initial value
»_» » Sensor Temperature -
Temperature Unit = | [Initial value
»_»_» Unit (Secondary Value 3)
Unit (Secondary Valie 31 kofs | [Initial value
#_n_w_ Densi
Unit {Density) [kgidrr | [Initial value
| |

Density n kig/dree Initial value |

Fig. 3.13 PDM-mask for SITRANS P.

3.3.3. Level measurement

The requirements placed upon level measuremerttisnproject are many. They
range from protection against over filling, to me@snents in potentially explosive
zones — in ten storage tanks.

Difficulties at level measurement are: excited emvinents, tank configurations,
installation of the tank, heating system, entramgertures and exits. Level
measurement and detection are crucial in effecBeck management and
environmental risk reduction. The media to be mesblhave extreme varying
characteristics [CON96]. There are two instrumeintseach vessel, one for
measurement and a redundant unit connected tatieup safety system.

SITRANS P DS Ill as the level transmitters and fPeintek CLS 300 level

switches with these requirements for point levekedi#on and continuous
measurement have been redefined.
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Pointek CLS 300 level switch

Using the SIMATIC PDM Communication PROFIBUS PA QBE1158 CPF3
CP3/2) remotely, the point level switch Pointek CBB80 provides high-level
detection of the liquids. Pointek CLS 300 is areirse frequency shift capacitance
level switch for detecting liquid surfaces of agggige chemicals in critical
conditions of high temperature and pressure. Thisacitance switch handles
temperatures up to 400 °C and pressures from &duwm to 35 bar. For those
reasons it was selected for the high level alartigafds level in all storage tanks.

Fig. 3.14 Pointek CLS 300
level switch.

Pointek CLS300’s microprocessor-based electroniogige one-point calibration,

making setup possible without shutting down promucprocess. Pointek CLS300
has a 2-wire loop powered with solid-state switalipat, Smple push-button

calibration and integrated local display, full ftioo diagnostics and PROFIBUS
communications for remote commissioning and ingpect

Pointek CLS 300 includes patented Active-Shield &amekerse Frequency Shift
technology, ensuring high accuracy, resolution espkatability [ZANO6]. This
technology ensures that measurement is unaffegtadapours, product deposits,
dust and condensation.

The Pointek CLS capacitive limit monitor reliablydicates whether the limit has
been reached. On contact with the liquid surfabe, dielectric on the sensor
changes so that the limit switch reliably signdie aittainment of the maximum
level.

Pointek CLS 300 has KEMA Certificate EC-Type-Exaation-Certificate ATEX
for use in hazardous locations and NAMUR output.
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A place of installation of the level switch is arbe of the top cover. Level
signalling devices will work in all storage tanks the distance of 740 mm from
the cylinder top. The length for measuring is 138 in storage tanks 1-2 and
1100 mm for tanks 3—-10 (Fig. 3.15).

[

1500
1370
g
g
740 _

Fig. 3.15 The level switch installation.

Properties:

. repeatability £1 % from measured value

. measurement frequency at 5.5 MHz,is 1, at 1.1 MHz ig, = 80
. repeatability approximately 1% of measurement

. output corresponding to NAMUR

. sensitivity (pF): 1 % of change from the curremasity

Contact type of a sensor is default CLOSE, theecfioe alarm output switch
operates as a Break contact (open).

Measurement of level filling

The level transmitter SITRANS P (DS IIl PA) typeose way of measurement: the
hydrostatic. The measuring value of a differenti@hometer is connected with the
height of a liquid column [ZANOG6]. This simplestcathe most reliable method
uses the fact that the pressure in a liquid isctlireoroportional to the column of
the liquid

Fig. 3.16 Level transmitter
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The input of a level sensor is measured by theudfftial pressup, the working

range is 0—100 kPa, the output — liquid IeldelThe static characteristic is
H =kIAp,

2 2
whereKk is the gain:k :i{m s }
AL kg

p is the liquid densityg is the acceleration due to gravity adds the column of
liquid [LUY9Q].

Level calculation

For monitoring at the top control level for the oiers, the level value should be
displayed in meters and in tons. SIMATIC PDM createmmunication between
measured pressure and the registered level, estimgjithe following parameters:

H,x (for tanks 3-10) = 5980 (mm)
Humin (for tanks 3-10) = 150 (mm)

The level measurement range of 0-100 % corresponds:
150mm — 5980mm. (5980 — 150=5830 (mm))

H,.x (for tanks 1-2) = 7470 (mm)

Hpin (for tanks 1-2) = 150 (mm)

The level measurement range of 0-100 % corresptontthe following:
150-7470 mm. (7470 — 150=7320 (mm))

The level transmitter SITRANS P DSIII (a scale DN (mmH,0)) measurements
are connected with the height of a liquid columrthmy formula:

bar =110 mnmiH,0

For water with 1g/cthdensity under the formula (the height of a liqamumn)
will be find:

2
Ap(mmH,0) = p(%j H (mm) @)
H(mm) = Ap(mn¥7,0) (2)
The function for the level calculation in mm is e under the formula (2). The
program function for the recalculation in (m) (Bomonitoring) is (FC 29).

H (m) = Ap1000 3)
where

H is a value from equation (3),

Apis the pressure value.
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The function for the calculation of liquids levétstanks 1-10 is called ten times in
FC 202.

To calculate the level in tons, it is necessarrtow the liquid volume.
For tanks 3-10: the volume of a dead zone 5.£3Te volume of a measured
liquid taken into account dead zone is:

Vyo = MRy TH (m) + 513 @

V00 = (34.1946[H (m) + 513)m° (5)
H is a value from Eq. (3).

For tanks 1-2

Vaoo = 7R4002 (H (m) + 857)m3 (6)
A liquid mass in tons:

m= p(%j[(34.1946[|—| (m) + 5139m*]200d(tons) 7)
m= ,{%)[(57.117[14 (m) + 857)m3]mooc(tons) ®)

Program functions for mass calculation are FC30 B@82. These functions are
called for 10 times in FC 202 for the calculatidnliquids levels in storage tanks
1-10 in tons.

3.3.4 Density measurement and calculation

For density measuremer8)TRANS P DSIII is established with a working range
from 15 kPa to 20 kPa.

This method measures the pressure difference ofligual columns of different

height that excludes the influence of controlldifeid level change on the result
of the measurement [BESOQ7].

p.-p,=0p=py(H, - H,) 9)

SITRANS P DSIIl — has a PDM scale in mmA
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Fig. 3.17 Parametrization in PDM.

In Eqg. (9) to calculate density the fact that tlbumn of a measured liquid is to
have the height H=600 mm should be considered.eftwer the formula is

g ) _ Ap(mmH0)
P (cm’j_ 600mm (10)

Program function FC26 is for calculations in glcand FC27 is for kg/fh These
functions are called for ten times in FC 203 folcakation of liquid density in
storage tanks 1-10.

3.3.5. Temperature measurement

SITRANS TH400 with PROFIBUS PA temperature meas@mns the transmitter
with the universal input and PROFIBUS PA communaat(Fig. 3.18). The

SITRANS TH400 supports RTD sensors (PT100) [JIAOBkransforms signals

from resistance transmitters into a standardizegégature linear output signal. If
the transmitter is mounted remotely from the sensoemains free of the hot and
vibrating environment. The display is accessiblen@arly every location where
visual support is required. Due to its small sidee device allows flexible

mounting options, even in a DIN Type B connecti@ad SIMATIC PDM is the

tool of choice for the PROFIBUS the TH400. The nmeed value from the

microprocessor is made available on the field buth wtatus as a quality
specification and further parameters such as galvsolation.

The SITRANS TH400 offers the diagnostics and sitmtaoptions. The operating
status of the device can be seen at a glance tharlke two-color LED. For rough
environments SITRANS TH400 has the explosion-ptaiac and 1P40.
Electromagnetic compatibility (EMC) is according@N EN 61326 and NE21.
The field transmitter is made of stainless staedotresponds to ATEX: EEX ia or
EEx ib, Ex n [ZANO6].
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|
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| PROFIBUS
I PA

A
bel  uE PA-interface
D

SITRANS TH400

DP/PA coupler

Busmaster

Fig. 3.18 Intelligent sensor SITRANS TH400.

The sensor operating range, limit values, failuebavior, alarm signal for sensor
break or short-circuit are programmable. Sensounddncy is achieved via two
sensor inputs. Second sensor for redundamay an additional addres$he
accuracy of the PT100 input on a TH400 temperattaesmitter is £ 0.03 °C
according to Tenth-DIN PT100 temperature probeg.8F19).

Fig. 3.19 SITRANS TH 400 and
SpliTConnect.

3.4 Redundancy of the developed system

In safety-critical systems some parts of the cordystem are doubled. An error in
one component may then be out-voted by the othethi$ redundant system, the
system has two sub-components, both of which maisbéfore the system fails.

Since each one rarely fails, and the sub-componengs expected to falil

independently, the probability of both failing ialculated to be small.

The following forms of redundancy are providedhistwork:
Distributed 1/0
The redundancy of the slaves was performed usiageth 200M with dual DP

ports. Redundant distributed I/O 1/Os are conneciedwo redundant PROFIBUS-
DP lines to the ET-200M stations, with redundantl88-2 interface modules.
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The ET 200M distributed I/O station was connecteerawo IM 153-2 redundant
DP slave interfaces over a single channel to bd®@PFBUS DP lines. The
complete 1/O range of ET 200M is available.

Dual modular redundant

The component which is dual modular redundant hgsdichted elements which
work in parallel to provide one form of redundaf@DA 08]. In the developed

control system the temperature transmitter hasichtpd inputs (addresses in
storage tank E1 are 256-260; 261-265), so thatldhaue input fail, another is

ready to carry on its work.

Redundancy of the actuators helps overcoming #ikeofi cut wires by doubling the
cable. If the first one fails, the communicatioricamatically switches to the second
board. The redundancy function is also securedheyimplementation of two

Profibus boards in the INTELLI+ box.

Diagnostics and repair

All standard diagnostic functions are available:
e module status in the overview display,

e status and modification of inputs and output;
e program status of function blocks;

e variable status at the end of a cycle.

If a CPU needs repair, the CPU must be replacedrantelevant program must be
loaded onto the new CPU.

Communication
Communication with other devices is supported devis:

* Redundancy scripts are available for linking to $2A
« Data communication with the PC and PLC are prograchm

Thus, redundancy of the PROFIBUS system is to naatito communicate with
the actuators and sensors even if a line failartter to achieve this function the
whole communication system is doubled. The PLC us®soutput PROFIBUS
ports, the fieldbus line is doubled, and the actuahd sensor interface board is
doubled.

For each component that is doubled, the formuta@probability is
P=1-[1- p(x)]" (11)
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where:P is the probability of multiple component failure;
p(x) is the probability of a single component failure;
n is the number of components.

3.5 Conclusions of Chapter 3

This chapter presents a new method of the strdctymathesis that has been
developed and tested in this work.

1.

Consistent fieldbus communication throughout Ex empnbased on
PROFIBUS-PA, was realized.

Components were selected according to ATEX requrgs
Configuration of a Profibus-DP Master System isvpied.

Configuration of Compact and Modular DP Slaves wakulated and
developed for a control system.

The design and testing of the test-project are aipg by calculations.
The most advanced level interface measurement v&esl dor the
configuration.

Innovative solutions for the complex measuremeskdan the changing
environment of the oil shale industries have beggssted.

To perform PLC implementation, fundamental measergswere taken.

The fieldbus communication of the intelligent ad¢twua have been
suggested.

10. Different forms of redundancy are provided in tioatcol system.

72



4 SOFTWARE DEVELOPMENT AND EXPERIMENTAL
RESEARCH OF THE CONTROL SYSTEM

4.1 Description software of the developed project

S7 Manager is the software for project developmeiilt.data and programs
required to handle the automaton tasks are storedtiee structure [5]. This tree
structure reflects the project hierarchy. The prbje made up of the following
configuration information:

e configuration data for networks and communicatieig.(4.1);

e configuration data of the hardware setup (Fig.;4.2)

e parameter data for the module used (Fig. 4.3);

e programs for programmable modules (Fig. 4.4).

HSIMATIE Manager - [DGM_root_2_test_connect (Component view) -- C:Documents and Settings'DGM-E\Desktop'preriDGM_root]
% Flle Edit TInsert PLC Wiew Options: Window Help

Il 2= )% = #a |[<HoFiker » T BE | =S m| e
(= Object name | Symbalic name | Tupe | Size: | Authar | Last modified ]
IMATIC 300 Station SIMATIC 300 Station - SIMATIC 300 Station 07/31/2008 03:28:20 PM
Bl CPU 3152 PN/DP |88 pypyq MPI 2984 07/03/2008 10:55:56 AM
&0 57 Programl1) 1@ periey gy PROFIBLS 7684 07/31 /2008 01:44:35 PM
i Sty S PROFIBUS(IO] PROFIBUS 7500 07102008 10:37-58 AM
&9 Blocks B8 EROFRS 1) PROFIBUS 500 07430 #2006 1-44:35 P
S PROFIEUS ) PROFIBUS 7500 070842006 10:27:44 AM
2 PROFIEUS ) PROFIBUS 7500 071042006 10:37:58 AM
BB R OFIELS[4) PROFIBUS H0 O /MIRA2008 102744 M
RGN PROFIBUS 500 07301 #2006 (14435 PM
8 PROFIEUSHE) PROFIBUS 7500 07042006 10:37:58 AM
P PAOFIEUS ) PROFIBUS 7500 071442006 09:2317 AM
& PROFIEUS ) FROFIBUS 7448 07/ #2006 01:44:35 FM
BB R OFIELS) PROFIBUS 7448 0731 42006 (14435 P
B8 ERnFIRLS PROFIEUS ] 07430 #2006 1-44-35 P
S PROFIEUS [20) PROFIBUS 7448 07/ 42006 (30535 PM
2 PROFIEUS ] PROFIBUS 7500 O7AIA2006 11:05:24 AM
B PROFIRLS ] PROFIBUS 500 77 #2006 (13-44-58 PM
G RENH | PROFIBUS 500 07102006 1037268 AM
R PAOFIEUST) PROFIBUS 784 07/ 2006 1:44:35 PM
2 PROFIEUS PROFIBUS 7500 071042006 10:37:59 AM
S PROFIEUS ] FROFIBUS 7500 07/ #2008 (014435 FM
BB E themet[1] Inchsstrial Ethemet 2308 07342006 116640 44

Fig. 4.1 Configuration data for networks and comication.

# SIMATIC Manager - [DGM_root_2_test_connect (Component view) -- C:\Documents and Settings'DGM-E'\Desktop',prer',DGM_root]
@ File Edit Insert PLC Miew Options Window Help

D 87| 4 R dn[o 5% i (&1 |[ < N Fiter > R e =R v
=B DGM_ront_2 test_connect | | Object name | Gymbalic name: | Tupe | Size] duthar | Last madified |

m} Hardware: Station configuration 07/31/2008 03:28:28 PM
CPU 3152 PN/AOF CPU 07/03/2008 10:56:28 AM

!
I8 CPU 3152 PN/DP
=1] 57 Program(1]
(] Souices

" (g3 Blocks

=]

I

Fig. 4.2 Configuration data of the hardware setup.
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ESIMJ\TIE Manager - [DGM_root. 2 test_connect {Component view) -- C:' Documents and Settings,DGM-E'\Desktop’prrr,DGM_root]
% File Edit Insert PLC “iew Options ‘window Help

A CIEETE

| <t Fiter B =

= DGM_ront_2_test_cornect (bject name | Type | Size | Author | Last modified
SIMATIE 300 Station 57 Frogram(1) 57 Program 17 /01342008 10:56: 39 AM
P F ) Connections Connections 07/03/2008 10:56:41 &M

57 Program(1)
@] Sources
{£H Blocks

=

Fig. 4.3 CPU315 DP-master parameter data for thedoie used.

JDocuments and Setti | esktop’,prrrDGM_root]

B Fle EdE Insert PLC Yiew Options Windaw Help

O B s 2e &l =

[ Mo Fiver > 7 | RE mEMmse

= DGM_root_2 test connect Object name | Type | SIZEI Luthior I Last modified |
SIMATIC 300 Station /791 5 urces Source Falder 07/08/2008 02:28: 44 FM
{8 Blocks Black Folder (ffine [IRA04/20106 1036101 &M
) Spmbals Spmbol table 22393 0743142006 01:13:56 PM

Fig. 4.4 S7 Program for programmable modules.

The attached STEP 7 project contains the followaglules (Fig. 4.5):

' Lol
ByFie ik fsen AC e =l8lx]
D3| 4 R [ < NoFiter > AR
et et T Simic name [Cededilrguag | ihe [ [ erion Heade]] | Nete [Hzade] T Unickes i | Nofietan. [ Stardacbiock. T T T Cost modiied
e R aRizn
wa an o % Ok 1 — fekst
E@ S7Pogenll) | o120 PAOG_ERR. Lo 38 OganeatonBlock 01 /1511995 0451:1 RA7/2001 03 0356 P
3 o0 R prd 3 Goomiis 01 . G it
oo SonT o 3 Grwomios 01 . Srassoia 0 s
e o o 5 G 51 : : Ersmtins S
@00 Tt prd 3 o b1 z : st et
200 o g % o B " = rarsaon o o
e o 3 o b1 - : e ol
250 e rd 3 o b1 : , it o
B oy rd fromstwe i : , et e
N s s 5o i B : , Crmatans oo
arcn I 1 ek B : , i v
arn s o ot B : , il oo mias
arcn prt 5 Fctn o z = filidedred o mata
arm % 15 Fot o , : filitidre) it
arm o 182 Fot B . w D ey il
arcin i % Fotn o : o ey g
ar e 15 oot i . : i e
ar: rd 7 oo B : : et e
o o % Foeen B : , ot o
o s 5 rnin B : , il o s ar
ar s % Focen B e . rarmtetmind rsymtsmiar
are Il % Foeen o , : et et
ar 3 B Fctn o E : rrmmmas et
o 5 o Foen B : , et e
arn o ot Foen o . : el o e
ara 5 o Focen B . : il e
arn o T Fctn o . il o
arh % % Focin B : il o
o s s Fctn o il forioied
o o 22 Fon B iy Tamen
ar s o Focin o et o aaar
a5z @ T omg 00 e ol
a5 % foomies 00 e it
@ oo 5 % o b s o n s oo
o o balod 01 - - o i
300 o . w01 z - v s v waaa
ovan o e . g : ety o B
@ bun ool . : e b
250 o i N : , et b son s
250 o % v o} : , raraaty o ooy nrw
5 o % boemduati. b : , et o
il 1
Press Pl 2o get . i

Aistor] & @ (3 [ mamic rinoger L. @ st 05 1o . | st - e o

Fig. 4.5 S7 Program blocks.
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4.2 Control program

4.2.1 Programming considerations. Basic elements afprogram

A program block is composed of an executable codd eomments. The

executable code consists of a main program and saiyyoutines or interrupt

routines. The programs have to be designed in a tay will save as much

memory space as possible. Program blocks coulddageti, executed and reloaded
online completely independently of each other. Phegram and data areas are
strictly separated. PLC programming becomes manesparent and simpler with

the structuring of the program into program bloeksl the use of function blocks
defined in IEC [STEOO].

Subroutines (Function Blocks) are executed onlymdedled by the main program,
by an interrupt routine, or by another subroutfdebroutines are useful because a
function is repeatedly executed. Rather than reawyrithe logic for each place in
the main program where the function occurs, thdclag written once in a
subroutine and the subroutine is called as mangsias needed during the main
program. Subroutines reduce the overall size abgrpm, decrease the scan time.
A subroutine runs in response to a program comdffg. 2.19).

Reads Physical Inputs
« Reads input values from onboard inputs expansion modules and network
« Writes input values into the PLC memory These input values are used to process the Ladder progran
v
Runs Ladder Program Man Module Sub Module
The rogram  scan
begins P! mg the first First Subroutine Sub x 4 Suby Sube
subroutine of the main
Nel Nei Nel - Nel
module
Subroutines are run - - - b -
only if they are called Net 2 Ne 2 Nef 2 _i?:hL Net 2
. CalSub [ cansu A A
Net ¢ /. Net 2| s Net & Net ¢
= ==}
Net 4 I Nel ¢ I Nel ¢ Nel 4
— — —
Netel_r. Net€| o Nel&| = Nef [ n
X
Writes Physical Output Values
« Writes values to the physical outputs on onboard outputs expansion modules and network

Fig. 4.6 Subroutine execution.

Interrupt Routineseact to specific interrupt events. Whenever thecgigd event
occurs, the PLC executes the interrupt routineeriapt routines causeprogram
to stop immediately, whenever the interrupt isvaatéd, even if the program is in
the middle of scanning a net in another subroutiben the interrupt routine is
finished, the program returns to where it was nojgied, and continues from that
point until the next Interrupt arrives. Interrumiutines are generally used with
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immediate elements, for example to turn an outpMti®the case of an alarm or
emergency. The subroutine is executed automaticalten the condition for
calling it is filled [MUEOQ5].

4.2.2 Control program configuration
Organization Blocks (OB)

A wide range of OB was used to execute the coprmajram. Organization blocks
are the interface between the CPU operating systainthe developed program.
They have the task of executing special parts efgtogram on certain events.
Each OB supplies 20 bytes of local data (varialég)formation [MUEOQ5].

When a hardware interrupt is triggered by a DP @Pa/1 slave, or when a DP
slave fails, the operating system of the CPU dhlisorganization block dedicated
to this situation.

Organization blocks permit event-controlled exemutbf the S7 user program. The
event-driven call of an OB by the operating systesually interrupts the OB just
being processed. Therefore, a system of priorigsds is applicable to CPU. The
SIMATIC S7-300 defines which OB is allowed to imgst another OB. Higher
priority OB can interrupt a lower priority OB.

OB1

The main program is executed in OB1. OB1 callsunefion blocks (FB), standard
function blocks (SFB), functions by means of fuanticalls (FC) and system
function calls (SFC). OBL1 is processed cyclicallythe end of the OBL1 cycle, the
operation system transfers the process image otsblat to the output modules.

OBL1 is restarted, the operating system updateprbeess image input table by
reading the current signal states of the input. Pphecedure is continuously
repeated. It is a cycle of processing.

OB1 calls up functions FC1, FC2, FC3.

FC1: Data handling from 10 storage tafils—E10

FC2: Signaling
FC3: All actuators control
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DE200

Fig. 4.7 The main program structure.
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FC200
FC2¢*
FC* DE201
FC201 FC10
DE202 FCa0e
FC202
FC32*
DE203
FC203
FC12
DB204
FC204 FC2€
FC27*
FC10°
FC2
Fc2c
FC102
FC21
FC9 DE1
FC22
FC3
FC24 DE2




OBL : Title:

[Fc1,Fez, Fea ‘

(FCli-info, linear, rastet ‘

Hetwork 2 : Title:

[fignalizatsyia so vach datfikov

FC2
"Signaliza
teyia”
EN ENOl————

Hetwork 3 : Title:

[uprevlenic zadvizhkemi

¥c3
"Upravleni

e
zadvizhkem

Fig. 4.8 OB1 function blocks.

4.2.3 Data handling from ten storage tanks (FC1)

Function description

The functions FC200 (pressure reading), FC201 [(lsvatch), FC202 (level
measurement), FC203 (density calculation), FC2@herature data reading) are
created with DB200 — DB204.

DB200 (Pressure Data Block), pressure _DATA, (PIR RIR_10)

DB201 (Level switch Data Block), level switch DATAIRA 1 —LIRA_10)
DB202 (Level Data Block), level DATA, (LIR_1 m—-RI 10 m; LIR_1 % —
LIR_10_%)

DB203 (Density Data Block), density DATA, (QIR_1_K®3 -
QIR_10_KG_M3; QIR_1 % — QIR_10_%)

DB204 (Temperature Data Block), temperature DATAR_1 — TIR_10)

DB200-DB 204 data blocks contain the data for tipui values (relative to the
attached program).

The values from DB200 — DB204 are read in by the2@&C - FC204 and
calculated. Once all the Data DB values have be®ecessed, the process is
repeated automatically. The DB can be any sizéh{withe scope of the CPU data);
only the structure has to be maintained.
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These functions are handled in FC1 and are call€dB1. The calculated values
are output as a curve chart on the operator panel.

FB101 and Instance Data Block DB6

Two types of data blocks are used in the progrdaba) data blocks and instance
data blocks [MUEO5]. The mathematical implementatad the linear equation
f(X) =m* x + b takes place via Function Block FB101, and itsanst Data Block
DB6. FB100 uses the data structure to determinelbog/the corresponding "data
DB" is and calculates the individual points on Hasis of this. The source file was
implemented on the high level language SCL (Fig).4.

The instance data block DB6 is permanently assigoeal function block FB101
and contains the local block-specific variablehsf FB101. FB101 is called in FC1
for level and density linearization (FC10, FC12unEtion blocks (FBs) have a
(recall) memory. As DB number is limited, the mettadlowing using the instance
DB for several calls of functional block, FB wasdsData Blocks will be used as
HMI Interface for high level automation.

[T ESlm| x

o

Fig. 4.9 The SCL source file.
Temporary variables

When blocks are created, temporary variables (TEMRYh are only available
during block execution and then overwritten agaie declared in all program
blocks (OB, FC, FB) [MUEOQ5]. These local data havixed length per OB. Local
data must be initialized prior to the first readcess. Each OB also requires 20
bytes of local data for its start information. Lbdata access is faster than access to
the data in DBs.
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The CPU is equipped with memory for storing tempprariables (local data) of
currently executed blocks. The size of this menmarga depends on the CPU. It is
distributed in partitions of equal size to the ptioclasses. Every priority class has
its own local data area.

As processing subroutines are required tens ofstithe functions are programmed
as parametrizing blocks for a frequent call of fioics in the program. These
blocks are called for different storage tanks wdifierent actual operands. The
local variables are used for temporal storage ef itiformation during block
performance. The data is stored in a local dateksth-stack). In Fig. 4.10 an
example of the reference to a local variable by meeaf symbol addressing is
shown

EHLAD/STL/FBD - [FC32 - "Ras4_massy_(400)_tonny" —DGM_roat_2_test_connect\SIMATIC 300 Station\CPU 315-2 PN/DP'..\FC32]
O Fie Edt Insert PLC Debug View Of dow el

on i
D&:-d(8% el === & [ ST 2 90 [ & = e [ke]
B o]

@ plotnest_kg_u3
= & oUT

FC32 ot Title:

[corment : ‘

pretror | ERSEET

Massa izmer Jaemij 400 (tonny) ‘

‘ WUL_R ADD_R WUL_R DIV_FR.
En En B B

5.711700e+ MDED—{IN1  OUT[-MpEZ MDEZ—{INI  OUT|-MDEE MDE6—IN1  OUT|-#massa 200

001—IN1  OUT[-MDED
8.570000e+ #plotnost_ 1.000000e+
#H_metry— INZ 000 1H2 kg w3 1NZ 003 o182

Fig. 4.10 Reference to a local variable by meansyaibol addressing.

FC1 structure is shown in Fig. 4.11

E-0 FC1 (INFO_S_DATAIKOY) [28] LAD T 1 [21
E-0 FC200 ([DAVLEMIE) [28] LAD i 1 [o]
B CR200 (CAYVLENIE_DATAY [28] LAD ol 1 [o]

E-0 FC201 (SIGN_URCY) [28] LAD H 2 [0
8 DB201 (SIGNAL_UROVN_DATA) [28] LAD I 1 [0]

E-0 FC203 (PLOTHOST) [38] LAD HW 3 [10]
B DB203 (PLOTHNOST_DATAY [38] LAD I 1 [0]

O FC26 (rasdet_plotmost) [38] LAD W z o]
E-O FC12 (PLOTH_LING [44] LAD o) 3 [&]
O FE101, DES (LINEAR_CLOSED 777 [44] LAD i 1 [o]

8 DE203 (PLOTMOST_DATA) [44] LAD ol 1 0]

O FC27 frasdet PLOTH_kg_m3) [38] LAD W 4 [o]
E-0 FC202 (UROVEN) [42] LAD T 4 [14]
8 DB202 (UROVEN_DATA) [42] LAD HW 1 [o]

O FC29 (RASIET_UROVMI) [42] LAD I 2 [0]

B DB203 (PLOTHNOST_DATAY [42] LAD HW 2 [0]

E-0 FC10 UROYEN_LING 48] LA ool 3 [e]
O FE101, DBES (LINEAR_CLOSED 777 48] LAD T 1 [o]

8 DR202 (UROVEN_DATA) 48] LAD i 1 0]

O FC30 (rasdet_massy_200_tonny) [42] LAD it 4 [o]

0O Fc32 (Rasd_massy_(4007_tonmy) [42] LAD W 5 [0
E-0 FC204 (TEMP) [28] LAD H 5 [0]
0 DB204 (TEMPERATURA DATA) [28] LAD MW 1 [0]

Fig.4.11 FC1 structure.
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FC202:

Network 1-10: level reading in storage tanks EEr1-0
FC10: level linearization

FC29: level calculation

FC30: mass calculation in tons (in storage tanBsE10)
FC32: mass calculation in tons (in storage tdhRsE 2)

FC203:

Network 1-4: density E-1; Network 5-7: density ENeetwork 8-10: density E-3;
Network 11-13: density E-4; Network 14-16: dendityp; Network 17-19: density
E-6; Network 20-22: density E-7; Network 23-25: dign E-8; Network 26-28:
density E-9; Network 29-31: density E-10.

FC12: densityinearization

FC26: density calculation (g/Sjn

FC27: density calculation (kgfn

FC10 and FC12 with (FB101 + DB6) are used for larel density linearization in
FC202 and FC203.

FC204 temperature data reading in storage tanks 0.

4.2.4 Fault signal displayed with light and soundignaling (FC2)

Problems (disturbances) that occur are to be disdlay the lamp and sounder on
the operator console (Fig. 4.12). When the probteturs, the lamp is to flash
with 2 Hz, at the frequency of sound 1Hz. The peoblis acknowledged at the
pushbutton. If the problem has been corrected éenntleantime, the LED stops
flashing and sounder stops sound. If the problentimoes, the LED switches to a
steady light until the problem is corrected.

Fig. 4.12 Control terminal with a PLC and light asdund signaling.
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The FC or FB blocks are programmed as paramesggreble. Since the fault
subroutine is required many times in the system@ 9 is only once programmed
as a parameter-assignable funcion. The FC 9 is ¢h#dad many times for the
different faults and is assigned a different acadgaress each time.

Flashing frequency memory bit is M10.3 for 2 Hz &ht0.2 for 1 Hz.

A part of the program is shown in Fig. 4.1 RLO edge detection of the fault
signal is carried out, since the memory would otligs be immediately reset when
an existing problem is acknowledged.

If the message has not yet been acknowledged, tqumgcation causes the LED to
flash. With this, the bit memory M10.3 that wasidefl as a clock memory when
parameter assignment was made in the CPU is gated.

BAlarm

salarm

Fig. 4.13 Fault signal displayed
in the online mode.
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Structure FC2

E-0 FCZ (Signalizatsyia) [28] LAD

g
o
=
I B

O FB11 (LIMALARM], DBS (LIMAL... [36]  LAD
O DB1(ELOK_USTAYOK_SIGN)  [34] LAD
B DB2 (SRABAT_SIGN) [34] LAD
O DB2 (SRABAT_SIGN) 28] LAD

0O FC101 Mynec 1¢) [30]  LAD B T
0O FC102 (iMnynsc 0,5 ¢.) [30] LAD W z [21
2-0 FC20 (SIGN_URGVINIA) [34] LAD Mo 3 3l
O FB11 (LIMALARM), CB1 (BLOK... [36]  LAD Mmoo 121
8 DBS (LIMALARM_CLOSED) [34]1 LAD N 1 o1
8 DB202 (URCVEN_DATA) [34]1 LAD ouc 1 o1
8 DBZ (SRABAT SIGN) [34] LAD i 1 [o]
=-0 Fe21 (SIGN_DAYL) [34] LAD Mmoo 4 11
O FB11(LIMALARM), DB (BLOK... [36]  LAD Mmoo 121
8 DBS (LIMALARM_CLOSED) [34]1 LAD N 1 o1
8 DB200 (DAVLENIE_DATA) [34]1 LAD N 1 o1
8 DBZ2 (SRABAT SIGN) [34]1 LAD NI 1 [o1
=-0 Fe23 (SIGN_PLOTM) [34] LAD M5 11
O FB11 (LIMALARM), DB (BLOK... [36] LAD Mmoo 121
8 DBS (LIMALARM_CLOSED) [34]1 LAD N 1 o1
8 DB203 (PLOTNOST_DATA) [34]1 LAD ouc 1 o1
8 DBZ (SRABAT SIGN) [34] LAD i 1 [o]
=-0 Fe24 (SIGN_TEMPER) [34] LAD Mmoo 6 11
O FB11(LIMALARM), CB1 (BLOK... [36]  LAD Mmoo 121
8 DBS (LIMALARM_CLOSED) [34]1 LAD N 1 o1
8 DB2 (SRABAT_SIGM) [34]1 LAD N 1 o1
8 DB204 (TEMPERATURA DATAY [34]  LAD NI 1 [o1
2-0 FC28 (ALARM_SIGN_LIROWN) [34] LAD Mmoo 7 11
N 1
il 1
i) 1
0] [

Fig. 4.14 Displaying the Program Structure FC2.
The following signaling functions have been handieBC2 (Fig. 4.14).

FC22 is the Level signaling function, FC25is thed3ure signaling function, FC27
is the Density signaling function, FC30 is the Temgture signaling function with
two data blocks:

DB1 (Data Block for the signaling reference values)

(PIR_1_MIN - PIR_10_MIN; PIR_1_MAX - PIR_10_MAX;)

(LIR_1_MIN - LIR_10_MIN; LIR_1_MAX - LIR_10_MAX;)

(QIR_1_MIN - QIR_10_MIN; QIR_1_MAX - QIR_10_MAX;)

(TIR_1_MAX - TIR_10_MAX;)

DB2 - (Data Block of the signaling switching on):

(PIR_1_MIN_SR - PIR_10_MIN_SR; PIR_1_MAX_SR - PIR_MAX_SR;)
(LIR_1_MIN_SR - LIR_10_MIN_SR; LIR_1_MAX_SR - LIR.QL MAX_SR;)
(QIR_1_MIN_SR - QIR_10_MIN_SR; QIR_1_MAX_SR - QIR) IMAX_SR;)
(TIR_1_MAX_SR-TIR_10_MAX_SR;)

Function Block FB11 was created with its own Ins@ata Block DB5:
FB11 is Function Block LIMALARM (PID Modular);
DB5 is Instance Data Block, LIMALARM CLOSED.

4.2.5 Actuator control (FC3)

Conditions for closing (Fig. 4.15): If the actualwe is lower than the reference
value of openness in %, and the new actual vall@nier than the previous value

83



and if this actual value is in the limits from 0160 %, and the button #stop is not
pressed, then the valigclosing before the necessary position is ackieve

Conditions for opening:

If the actual value is higher than the set valueg#nness in %, and the new value
is higher than the previous one and if this actadde is in the limits from 0 to 100
%, and the button #stop is not pressed, then the vaoves to open before the
necessary position latch is achieved.

wrtop
it

Fig.4.15 Part of the program for valve closing.

4.3 System diagnostics

The S7 Software tools for testing, error detectod troubleshooting have the
possibilities for monitoring and modifying a corteal process.

A fault that was triggered by the faulty functiogirof components directly
associated with the process control, such as cdblegnsors-actuators or by a
defect in the sensors-actuators itself.

The master PLC has an intelligent diagnostics systié is integrated in the
operating system of the CPU and ordered accordmgdiagnostics-capable
modules and runs automatically. The CPU storespoeanily) errors that occur in
the diagnostic buffer and thus enables a fast amgted error diagnosis by service
personnel, even for sporadically occurring errors.

Modules with diagnostics capabilities can triggediagnostic interrupt - if the
appropriate parameter settings have been madeCFbethen interrupts execution
of the main program and calls the diagnostic inf@rorganization block. The start
information of this OB contains the module thaggered the interrupt and the
diagnostic information from the module itself inbgtes. These data are used to
generate a message, for example. In cases of nsodude can supply more
diagnostic information, for example, distributed I/slave stations, a system
function is used to read out the additional dia¢ginasformation [RUBOS].
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Fig. 4.16 Module Information.

The Module Information function reads the most imt@ot data from the directly

connected module. This function describes the eodardware and version, all
diagnostic events in the order they occurred, asimbusage of different types of the
load memory, the longest, the shortest, and theeucycle time. The diagnostic
buffer contains all diagnostic events and cannalddeted by a memory reset (Fig.
4.16). The system function (SFC) is used to writesar entry in the diagnostic
buffer and to send it as a message to all theoswtihat are logged in on the
network.

4.3.1 Diagnostic interrupt blocks

When a hardware interrupt is triggered by a DP @Pa/1 slave, or when a DP
slave fails, the operating system of the CPU dalisorganization block dedicated
to this situation. Organization blocks permit eveontrolled execution of the
developed program. The event-driven call of an OBtliie operating system
usually interrupts the OB just being processed.rdfoee, a system of priority
classes is applicable to the CPU. The SIMATIC S@-8@fines which OB is

allowed to interrupt another OB. Higher priority Qfan interrupt lower priority

OB.

OBL1 can be interrupted by OB80—-0OB87. OB82 is triggevhen a DP slave with a
diagnostic capability detects an error. The diaio@darm is defined in parameters
set for the DP slave using the HW Config program.

The OB86-OB87 organization blocks are called when an interfaaer occurs
(MPI network, PROFIBUS DP) or disappears, when/@ndccess error occurs, a
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module rack failure (power failure, interrupteddijriefective interface), or a failure
of a subnet or a station of the distributed 1/O.

0OB122 is the block for handling the I/O accessrewibh the higher priority (Fig.
4.17). The operating system calls OB122 when thgrnam attempts to gain access
to an input-output or a non-exist or a defective BIRve. If OB122 is not
programmed, the CPU reacts to such an I-O access®r switching to the stop
state [RUBO0S3].
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Patr  [DGM_My_Proweh\SIMATIC 00 SlalerfcP. Opersting mode of (he TFLE T AUN
Sastur; W58 Emor Mok a force oy

Ferfomance Dl | Communicehon Stacks | Idemification
Gereral DisgnosbicBuller. | Memoiy SconCpcle Time | Time Sustems

~

il
0322 28421 AM
2223474 &M
05 2229 407 A
032228 400 AM
32223 30 4M
092220 3 AM

Diizhaiin or E vent 1af10 EwventiD: 1682342

rmadr,
WO access eno, adng
WD pecess won, madng

AR Bl P

| 170 azomss e, g
P aon. wonl sccers, Access addeers 753
| Resuested DB 10 access asw DB [DE12Z)
| Pronly deix 1
Eatamal ercy.. Ircoming avent

Gave As Selinge | Help an Evert |
G | Updale | Pre. | Hep

Fig. 4.17 Interpreting error messages in the
diagnostic buffer.

4.3.2 DP/DP Diagnostics by means of the program

Slave diagnosis is performed in accordance with 68Z84-1:2002 Ed1 CP 3/1. It
can be read out with STEP 7. In STEP 7, the diggn&smes of the underlying
DP slaves can be displayed in the online view ef HW Config - Diagnosing
hardware.

This example describes the structure of the DP/DEp&r diagnostics system to
illustrate the evaluation of a diagnostic frame.

Call of the SFC 13
To read the diagnostic data of the DP/DP Couple€ $3 (DPNRM_DG) is called
in OB 1.

CALL SFC 13

REQ :=TRUE //Request to read the diagnostic data
LADDR :=W#16#3FE //Diagnostics address
RET_VAL :=MWO //RET_VAL of SFC 13
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RECORD :=P#DB10.DBX 0.0 BYTE 26 //Data mailbox fbe diagnosis in DB10
BUSY :=M2.0 //Read operation runs through seveial @ycles

With this call, the diagnostic data are stored B 1.
The structure for DB 10 is shown in Fig. 4.18.

Address | Hame Type Initial value | Comment
0.0 STRUCT
+0.0 Norm_Diag ARRAY[1..6) Standard diagnosis
*1.0 BYTE
+17.0 Status_Message |ARRAY[1..9] Status message
*1.0 BYTE
=26.0 END_STRUCT

Fig. 4.18 The structure for DB 10.

For the data consistence checking the system anxtiSFC14/15 are used
[RUBOS].

4.4 Conclusions of Chapter 4

Chapter 4 shows practical steps for the creatiahdavelopment of the program
made.

1. Design method of software and other technical ehglts are introduced.
2. The principle of "structured programming" is deked in detail.
3. The method of interrupt processing was carry out.

4. A program debugging with the "Monitor Block" tesunttion was
developed.

5. To obtain a PI flow diagram in conformity with th&tandard (DIN
19227/Part 1), the type, inclusion into the basiecsure of the automation
system and the functionality (letter code) are rokfiin accordance with
the EMCS point.
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5 SUMMARY

This thesis covers the study of theoretical andliegproblems of the digital
control of the continuous processes by means araromable logic controllers. .
The findings in terms of theory are as follows.

The analysis focused on various PLC technical awftivare opportunities of
general PLC operations, programming for a PLC-baystem, 1/0 addressing for
control systems projecting.

Procedure of the control system construction isvigiesd with the analysis of its
characteristics. Solutions for metering of varigparameters at lower energy
consumption are supported by examples of innovatigasurement technologies.
The structure of the control program of the DGQOae tanks park was created
and developed.

The local control algorithms were developed andetbsStandard programming
languages for the development of control algorithetiew the programs to be
applied for any type of controllers with integrat®tPI/DP interface, a medium
program memory and quantity framework, high procgsperformance in binary
and floating-point arithmetic.

The control algorithm presented has been develapddapplied at Viru Chemistry
Group Ltd. This company needs to maximize theiretssand ensure complete
efficiency to be leveraged from their operationd anfrastructure.

Practical point of view

This research considers how to achieve quick an@ctefe design and
implementation of a powerful controller to remotepeations, adverse
environmental conditions and demanding productireqents.

This study is focused on a generic language dewsap which can be easily
utilized for an interface between a PLC and angtéxg tools.

Within a process automation system, reliable, &fecommunication between the
field devices and the control system is critical éptimum process control. Thus,
consistent bus communication throughout Ex zonased on PROFIBUS-PA, was
realized.

The results of this thesis are being used to cocisthe control system of the

technological processes and the devices functioimirthe conditions of the hard
industrial environment at an enterprise of the esfthlemical industry. The practical
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importance of the presented control algorithms wasified by the works
performed at Viru Chemistry Group Ltd in the Nerteast of Estonia.

Owing to this thesis, many advantages of the thieateand applied problems of
the digital control of the continuous processesehéeen clarified and fully
comprehended.

An algorithm design can be connecteidh system design. All applications and
subapplications can be separated so easily forggghgt The system diagnostics is
able to find out where the mistake is by testirmpfrsmall application to larger
application and then the whole application.

The current and future work is connected fitither high leveDGO storage tank
park automation. The control system created allaebugging the control
programs for different conditions in hazardous srédonitoring of the control
system is being created now by means of TRACE MGQRDA.

The main objective of this thesis was to invesegtite theoretical and applied

problems at control system design with a PLC: im@etability, reliability and
performance. It has been successfully achieved.
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ABSTRACT

The thesis covers research, development and appficaf a PLC for control
systems design. The study is dedicated to theigplof scientific problems related
to creation of a new control system DGO storagék faark with a high level
reliability.

Thematic topicality is explained by the practicagds - in an effective, ergonomic,
and safe control system for temporal storage ofothdistillation production at a
Viru Chemistry Group Ltd. The study is based oneatdheoretical findings and
progressive technologies in the field of sensorsl afriving engineering,
information technologies, and control developedeicently in the European Union
and particularly in Estonia.

Studies focused on theoretical and applied problefrthe digital control of the
continuous processes by means of programmable ¢ogitcollers. Concepts of the
control system construction in the hard environmeonditions are presented. Its
hardware and configuration were analyzed. As altrethe problem of control
algorithm development has been solved.

The development of the algorithms of measuremedtcamtrol will enable one to
easily link different systems of intelligent dewceith one another over networks
and implement expansions. This not only reducesitimber of interfaces, but also
ensures maximum data transparency across all levietam the field, through the
production level to the management level.

The thesis consists of four chapters. Chapterdbvsted to research of theoretical
and applied problems of the digital control of deatinuous processes by means of
programmable logic controllers. Chapter 2 is ddditao the development of a
novel method of PLC control and the distributed $§dthesis. Chapter 3 describes
the design method for an explosion protected systdra final chapter focuses on
the control program configuration and experimergakarch.
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LUHIKOKKUVOTE (ANNOTATSIOON)

Antud doktoritods uuritakse programmeeritavate kaldrite (PLC) pidevate
protsesside digitaalse juhtimise teoreetilisi jakpifisi kiisimusi.

T66 eesmargiks on DGO mahutite pargi automaatiséseks uute tehniliste ja
tarkvaraliste lahenduste loomine.

TO6 teema on aktuaalne seoses efektiivse, ergotisemining ohutu
pdlevkivikeemia tootmise arendamisega.

Uuringud on labi viidud uute teoreetiliste tulenmugd moodsa tehnoloogia baasil
elektriajamite, andurite ja mikroprotsessrorite dkainnas, mida on viimastel
aastatel arendatud nii Euroopa Liidus kui ka Eestis

On labi viidud erinevate kontrollerite tehnilisi farkvaraliste voimaluste anallils
juhtimissiisteemide projekteerimise hajutatud sigefdljunditega.

Juhtimistarkvara PLC juhtimisstisteemi jaoks on dagmid autori poolt ja lubatud
kasutada Viru Keemia Grupp AS-is. Koik kirjutatud@ programmid on Uldised.
Arendatud tarkvara v@ib olla kohandatud ja rakemdlaprogrammeeritavate
kontrollerite kdikide mudelite jaoks.

Antud ja tulevane t66 on seotud DGO mahutite pargbmatiseerimisega Eesti
thes suuremas ettevottes, Viru Keemia Grupp AS#le tod pbhieesmark on
PLC juhtimisprotsessi teoreetiliste ja praktilistdisimuste uurimine nagu
realiseeritavus, téokindlus ja taitmine, mis olukdlt saavutatud.

Doktoritod koosneb neljast peatikist. Esimeses takseé olemasolevate
programmeeritavate kontrollerite vdimalusi laheradad juhtimisprobleeme
programmeerimismeetodiga. Teises vaadeltakse njid#iisteemi struktuuri
sunteesi kasutades programmeeritavaid kontrollerefgjutatuid 1/0  ja
detsentraliseerituid mooduleid. Kolmandas peatikjsldatakse juhtimissisteemi
projekteerimismetoodikat. Viimases peatikis uustakrendanud juhtimistarkvara
PLC juhtimissiisteemi jaoks.
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LISA/APPENDIX 1

Programmeeritavad kontrollerid Eestis.

1. Milliste firmade kontrollereid (PLC) kasutatakse Teie ettevotes?

Inte | Sieme | Mitsubis | Motoro | Omro | Klinkma | Allen- | Shneid| Teise
[ ns hi la n nn Bradle er d

y

2. Milline on kontrollerite mahtuvus (sisendite/valjundite arv)?

Mikrokontrollerid Keskmise Voimsad Nanokontrollerid (<15
(16-128) vOimsusega (129-  (>512) sisendit/valjundit)
512)

3. Milliste sisendite/valjundite tilpe kasutatakse?
Diskreetsed
Analoogsed

4. Kontrollerite ttdbid (kontrollerite teostamine).
PC baasil (soft PLC)
Autonoomsed (moodul)
Sisseehitatud

5. Kasutamise eesmargid? ... juhtimiseks
Protsesside
Mehhanismide
Liikumise
Diagnostika
Teised eesmargid

6. Kuidas kontrollerid tegutsevad teiste stisteemidega?
Seotud vorgu kaudRC-ga
Tootavad autonoomselt
Teiste kontrolleritega vorgu kaudu
Hajutatud vorgud (DCS)

Millised standardi IEC61131-3 programmeerimisk&abutatakse?
IL - Instruction List
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ST - Structured Text

LD - Ladder Diagram

FBD - Function Block Diagram
SFC - Sequential Function Chart

7. Kui kavatsete juhtida protsesse tulevikus, siis mikeid?

Diskreetseid
Pidevaid
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APPENDIX 2
PLC IN EDUCATION

The scope of this part is to present the hardweaite/are infrastructure designed to
interface an industrial PLC to a laboratory procsissulator and to a real small
scale plant, in order to validate the industrialCPdoftware control code before the
real plant commissioning phase.

The idea was to create a real control system melieh includes
« the controlled system with different characterstic
« the controller with the expansion modules,
» sensors of different types for measurement ofrikiestigated parameter
* communication with the controlled object and the l@vel of automation.

The laboratory is intended for training the studeoi the cycle of the systems
engineering. The need for systems engineering angde the increase in the
complexity of systems and projects. At the same timsystem can become more
complex due to an increase in size as well as aithincrease in the amount of
data, variables, or the number of fields that awelived in the design.

The development of smarter control algorithms, opcocessor design, and
analysis of environmental systems also come witthi@ purview of systems

engineering. Systems engineering encourages thef teels and methods to better
comprehend and manage complexity in systems. Saaraes of these tools can
be seen here.

The purpose of this laboratory is to give insightoi elementary concepts and
principles in automatic control with PLCs. The stoth also get acquainted closer
with the PID controller, the industrially most comnty occurring controller. A
PID controller is implemented in a PLC by meana pfogram.

Six working places that consist of the real cotgbkystem models, the controller,
the expansion modules, and the corresponding semgre created. The system
structure is a single-loop control system thatudes a SISO process, a SISO
controller, and a feedback loop. Each place hasSGBADA system WinCC
license.

The laboratory can be used by the students for tiesearch (the course and

diploma projects). Except for training studentsisitintended for re-training and
consulting the personnel from the enterprises @Nbrth-East.
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PLC control system

SIMATIC S7-200 series PLCs S7 224 and S7 226 DCIMCivere adopted to
realize the logic, range control and protectiop@moting systems. The PLCs get
contact with the computers through a RS485 Seddl-p

Basic structure for experimental process analysis

The main points and problems of an experimentatgs® analysis consist of the
formulation of requirements demanded of the modeblication aim, accuracy,
validity range), the preparation and implementatioin the experiments, the
selection of suitable methods for the analysishef pjrocess data, error estimation
and model verification.

As part of a stage of the experiment, the auxillaydware and software devices,
the model structure (e.g. in the form of qualitatinformation regarding the
process behaviour), the main process the distuebaraziables, the required
measuring time are considered.

The hardware and metrology preparations includeatisembly of suitable control,
measuring and recording techniques, unless alraadyable on the process and
the verification of the experimental techniqueditedogy under operating
conditions.

The most common architecture is a PLC to do thétmea control, different
controlled systems, and TD or SCADA system as therator interface for data
monitoring.

The control techniques investigated here are usegrbcess control.

Regarding communication between a controller and arocess

The function operation of closed-loop control candxplained and demonstrated
using a model of the real automatic control loobisTmodel consists of technical
devices. The existence of an exact model for thstesn allows a significant

reduction of experiments and effort made for turang testing of this system.

In contrast to the widespread simulated contropspdhe following experiments
investigate real control loops with calculationsdxhon obtained parameters.

The first step of the experimental analysis is itneestigation of the available
technical resources. These comprise the sensoracimdtors of the process to be
examined and the auxiliary hardware and softwangpeeent required for data
acquisition and evaluation.
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For visualization, the SCADA environment Citect lieen chosen. Data exchange
between the controller S7-200 and Citect SCADAompleted with protocol SPPI

- direct connection of a point-point type. To opwe created project in Citect
Explorer it is necessary to make a connection batviiee controller and SCADA.
The auxiliary interfaces are needed for commurocabetween the controller S7
CPU226 and Citect SCADA.

« OPC server - PC Access
e Matricon OPC Explorer

CPU226 | OPCserver |__ | A
EM245- IT > oG Access <> Citect SCADA
Y
Matricon
OPC explorer

Fig.1 Block diagram of the controller connection.

Preparations

Basic knowledge of automation and control engimegis required on the course.
Terms such as, transfer function, PID-control, agadnd digital /0 should be

somewhat familiar to the student attending the smuifo get out as much as
possible of the lab the students have to knowidhewing concepts:

« open and closed loop system

* block diagram

« reference value, process output, control signal

« stationary error

The students also have to read through lab maninalading the appendix on the
user interface

1 Experiment-based fundamentals of automation systes

1.1 Temperature controller project

The temperature controlled system permits the ibgeton of continuous and
discontinuous control loops.

Controller performance can be analyzed via conbéztdisturbance variables. In
this setup, the wide range of analysis tools enapténized parameterization of
the controller.
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Fig.2 Set-up for the temperature process control

The analog PTC thermistor used in this system sl current signal of 4-20
mA analog to the measured resistance. PTC semictordihermistors are ceramic
components whose electrical resistance rapidly ess®s when a certain
temperature is exceeded. The KTY81-1 series temyperaensors have a positive
temperature coefficient of resistance and toleraméd).5%. Applicable standards
are EN 60738-1, IEC 60738-1, DIN 44081 and DIN 4408

The temperature controlled system contains twost@s 12 V and is equipped
with a heat sink. Thus, the first storage elemedttae resistor are realized. A PTC
sensor with its ground and the transfer resistoneoted between the heat source
and the sensor forms the second storage elemémd &T-2 controlled system.

Two possibilities for the controlled system distambe are via the ventilator motor,
internally with speed set 1...10 or from an extesignal source max. 20V and via
"throttle flap", position 0 (closed) up to positidn(open). Controlled system data:
temperature: max. 100 °C, delay tifig= 10 s, the compensation tifig= 120 s,
supply voltage: =+ 15 V DC. The entire arrangemsrghiown in Fig. 3.
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Fig. 3 The temperature controlled system.

Unipolar heat source (max. 20 W for 20 V) with enperature sensor, a thermal
protection switch, a ventilator motor and a "theoftap”, built into a transparent
air channel. Controlled system output signal (pssceariable) switchable to 2
mA/10 °C or 1 V/10°C as desired.

Siemens S7 224 DC/DC/DC with the EM235 4Al/1AO exgian module is used
to control the temperature process. Analog moduM23I5 converts the

temperature into the digital value that can be @seed in the CPU PLC and it
converts the digital value into an analog manimdatariable MV. The Set point
and the process variable are given in the samedipaits (degrees Celsius) with
0.1° resolution. Expansion module enables conngcBh.Cs directly to the

temperature sensor.

For EM 235 Unipolar (because it is configured likes - for unipolar range 0 to 10
V — the corresponding configuration of switches whesen. Voltage is used so
there is no offset. The process gives back theasigrhere 1 V = 10°C.

The control objective for the controller is to puog an output MV to force the
process variable PV to track the given trajectdrigsoset point SP under variations
of the set point, disturbances, and process dymaniibe PV is based on an
analogue input using current or voltage, therefbesanalogue range units are used
to set the PV low and PV high limits. The setp@rihormalized' to this range.

The data format is "left justified" in the analoguerd, 15-th bit it is a sign bit (the
zero specifies a positive word meaning data). Tdregge of a possible measured
signal of a range 0 - 20mA will be transformed t@age of integers from 0-32000.
Step 7 uses the input signals in the WORD formhae dutput of the temperature
controlled system is connected to the PLC input BIW
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The program structure

The set point is predetermined and will be entalieetctly into the loop table. The
process variable will be supplied as a unipolaral@gue value from the
measurement. The loop output will be written tangpalar, analogue output which
is used to control the heater. The span of botlatiaogue input and analog output
is 32000.

Only proportional and integral control will be eropéd in this example. The PV is
AIWO and the output was assigned as AQ\WBe PV andthe SP are the
normalizing values). The outpsignal necessary to control the heating is 0-10V. |
heating needs a 0-10V signal, then the scalindJripolar signal.

The size of the process time constintdetermines the maximum desirable loop
sample time &
The speed of control is determined by the PID \alue

Analog input and output values of the expansion utexiEM 231, EM 232 and
EM 235, as well as of CPU 226 are displayed digital the INTEGER data word
format. It is necessary to make conversions to rensorrect interpretation and
processing. The PIDO_INIT Subroutine is connectethe network through SMO0.0
bit. A VD100 was put in the Data Block table (SPueaon the PIDO_INIT).

After conversion the signal is entered in the regidor transfer to the basic
program, and is also written in the register DatzcBfor using by the text display
TD200. If the signal level exceeds the maximal gafan integer 32000), it will be
equalled to 10 V. When the PV is within this ranipe, PID function is active.

After the program loading to the controller andti@nslation in the Run Mode,
there is an opportunity to supervise the prograecetion by means of Program
Status from the control panel. Active signals aispldyed by dark blue colour.
Contents and bits of counters, comparators, anersimre deduced on the working
panel.

One of the goals was to develop simple tuning rtilas can be employed for both
manual tuning and automatic tuning for the prog&t$B07]. The techniques for
automatic tuning of PID controllers are discussefRUBO06]. Automatic tuning of
PID controllers can be realized by joining the noeh for obtaining process
dynamics. The author uses several adaptive apmeatitiuding gain scheduling,
automatic tuning, and continuous adaptation.

The system responsiveness to state changes isndegdr by its time constant.
Temperature system is very slow. Problems of slawtrolled systems: the
quiescent values only reached after about 4-5 compensation tiffibis. makes the
empirical correction of the control loop virtualiypossible. The determination of
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the system data and the advance determination ofralier settings are
accomplished using the setting criteria of Astrém &agglund [AST97].
The loop gain and time constants have been detedninom engineering
calculations and may be adjusted as required teaeloptimum control.

For a given control loop the valu&s and T, can be determined as functions of
the controlled system parameters. A PLC-based @ostrstem implements the

adaptive logic. This is because the tuning valuastrbe programmed as a look-up
table (or schedule) where the measured PV indi¢agesurrent level of operation,

and as such, "points" to appropriate controllelintgrnvalues in the table at any
moment in time.

Once online, the PLC reads a set of tuning valua® the table, as indicated by
the current value of the PV. These are downloadéml the controller algorithm,
which then proceeds to calculate the next contraléput (MV) value. Tuning
updates are downloaded into the controller eveop lample tim8s. As a result,
the controller continually adapts as the operailedel changes to maintain a
reasonably consistent control performance acrosange of nonlinear behavior.
Sample Timels parameter defines the intervals between PID fonatpdates.

Two operation modes are provided -"automatic” amdatiual”. The mode is
selected using a digital input (10.0). The changedetween the operation modes
is to be realized without shutting down the actuato

Tuning parameters are determined as functions efsifstem parameters of the
controlled system. The calculated values of the tonstants are:

Kp =6

T, (Integral time) = 0.45 min. =27 s

Tp (Derivative time) =0

Tuning parameters determined by auto-tuning:
Kp = 5.567033

T, (Integral time) = 0.6469359 min = 38 s

Tp (Derivative time) =0

The experimental results show highly desirableqarance of this closed-loop.
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PID Tuning Control P:
Selest a PID loop o configuration to tune from the Current PID drop-down st Click the Start Auto algorittm. Click the C|

Remote Address: 2 CPU 224 REL 02.01

- Process Vaiiable—— -~ Current

s S Bk 45 s /s s 2% 25 18 10 B

s
2000 Setpoirt: 50 10000 3200000

20.00 25500,00

Minut ] \
Integial a0 60.00 19200 00
Destivatie: 00 \

1280000

000 200000
i

Walue: 22651.0 2000 6400.00

Scaled: 708 Value: 8526.00

000 0.0
P 10:31:45 out

tegal Time Deivative Time

Sampling Rate ’, Legend——

" = St Time

Pause Btz
= |
& hudo T
Advanced | Suggested tuning val
© Ml 8y
Updste PLC

Fig. 4 Results of auto-tuning.
The following experiments are carried out:

1. Temperature recording in the S7-200 by means od(Ptind SITRANS
Measuring Transducer
2. Temperature Measurements with Special Input Modules

Resistance Temperature Detector (RTD) Input Module
Thermocouple/Millivolt Input Module

3 Temperature control with S7-200 PID controller
4. Programming with a SCADA /HMI- Software

1. 2 Experiments with the liquid controlled system

In this project, students use a liquid level measwant to maintain a pre-specified
filling level with a control circuit. In this setyphe filling level and the flow-rate

are controlled by the S7-200 PLC. Both the fillileyel and flow rate can be

measured from a single device.

1.2.1 Set-up for control a level filling process

Sonar-BERO with the shortest sensing range (300 mroyides the distance
detection using ultrasound technology, and congargito a frequency signal that
Is proportional to distance. The accuracy of SB@RO is +/-1.5% of the nominal
value.

The ultrasonic measuring transducer provides aenui@-20 mA) at the input of
the analog input module. The current is proportioma the fill level in the
container.
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The analog module EM 235 must be calibrated sothigaainalog value of 20 mA is
converted into the digital value of 32000 at a rfilevel. At a fill level of O the
analog value of 4 mA is converted into the valu®@@®4The program scales the
converted digital values as height in cm.

The voltage for the fill level indicator must beoduced via the analog output
module. This voltage is generated by writing theregponding digital value to the
analog output word (AQWO).

The analog output module transfers the fill leveight to a measuring instrument
in the form of a voltage of between 0 V and 10 WeTanalog display of the

measuring instrument reacts to the voltage withdigedeflection proportional to

the fill level.

The formula scales every value between a maximugnnainimum scaling value.
This program receives the analog input value (AN&QY scales it for the analog
output module.

First the program reads the AIWO, a value betweenAdand 20 mA (6400 and
32000), and scales the value to a normalized \zétwween 0.0 and 1.0. This value
is then scaled for the ranges of 0.0 to 100.0 atwd32000.

1.2.2 The liquid controlled system

The liquid level controlled system is a model usedinstrumentation and
automatic control engineering for demonstratiors stadent experiments.

The core of the system consists of a storage tapkmp and the transparent tank.

The liquid level controlled system is designed tfog measurement and automatic
control of flow-rates and liquid levels.

The inlet and outlet cross-sections can be adjustady two valves (VI and V2).
The device contains an integrated flow-rate colgrolvhich can be connected or
disconnected using a selection switch (Fig. 5).

The device also possesses an integrated windmél-fiow-rate meter as a sensor
and measurement sockets for the flow-rate andn®mianipulated variable of the

pump.
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Fig. 5 The liquid controlled system.
The reference variable [for closed-loop flow-ratenttol] or the manipulated

variable [for external closed-loop flow-rate ordid level control] is fed to the input
socket The measurements are recorded using the softwaB(g.

Citecl SCADA M

k} 2z

Fig. 6 Liquid level monitoring.
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Fig. 7 Control optimization trends.

The following lab works are carried out:
* Level measurement and monitoring in the S7-200guaiBonar BERO
* Automatic liquid level control with the S7-200 Rirdroller
* Flow-rate measurement with S7-200
* Automatic flow-rate control with S7-20B1 and PID controllers.

1.3 Voltage and speed measurement

The motor-generator set enables students to cauty woltage and speed
experiments. The laboratory set is used to redeedstep response of the link, to
determine the optimal control parameters or tonetoe timeline diagrams of the
system under control. The model is used to maintaé output voltage of a
generator even during load changes.

The motor generator set comprises two identical \2ADC permanent-field
machines which are coupled with a flywheel. The mra&s have been designed for
20 V/0.47 A at which they supply= 3000 rpm.

The flywheel has 60 light/dark segments which mtatst a photo-electric barrier.
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The load switch is provided to apply a load to niaes with two-pole outputs and
can be controlled either manually or automaticgity.8).

~ %0

Fig. 8 Motor-generator set.
The following set of the lab works is carried :out

1. Design automatical processes with a PLC.

2. Practical experience with industrial PLCs, prograngmwith a certified
software.

3. Automatic speed control of the motor-generator wseth the PLC PID
controller.

4. Simulation of the starting and braking processdh tie motor-generator
set.

5. Controller optimization according to Astrém and lgkond.

1. 4 Listing (Heel) controlled system

The model has two ballast tanks filled with walée gear pump pumps water out
of one tank and into the other and back again. Thanges the heel (tilt) of the
ship. The heeling of the ship is influenced whes ‘thip’s deck® is loaded with
“containers” in the form of small cylinder magnefs.pumping operation in the
opposite direction corrects the faulty heeling (R

This is used to investigate unstable phenomenanionainear system, e.g. control
of a ship's position with the developed software.
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Fig. 9Listing (Heel ) of a controlled system.

Measurement of the listing angle and conversiono the unit signal range is also
possible. Inclinometer for the heeling angle measient with the proportionality
factor of the heeling angle 1 V/1.5° is used.

The developed projects are:
* Programming in instruction list, function block dram, ladder diagram.
» Testing of PLC programs.
* Programming with a SCADA /HMI Software.
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Fig. 10 Inclinometer for the heel
angle measurement.

1.5 Flow-Through Measurement of Gases
The increasing usage of wind energy systems is @s@ing an increase in the

demand for instrumentation and control technologi wespect to gas fluidics. This
allows the changing stream speeds of wind to beeneapoptimally by propeller blades.

Fig.11 Flow-through measurement of gases.

A blower is used for producing a constant gas fldlwe mean velocity and gas
volume are adjustable, control is either manuaflypbtentiometers or externally by
means of unit voltages O ...... 10 V.

A windmill type anemometer is also used for the Inagdcal measurement
of mean gas velocity by rotation. The rotation led windmill is registered

by an optical transducer. The value is the outgua & TL signal or as an
analog voltage (1 V = 1 m/sec).

Software controller was configured as a P, PI, €dbtroller.
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1.6 The light controlled system

The light controlled system contains a 12 V incacgat lamp, which can be
controlled by the power amplifier. The sensor -hatp-transistor with open base —
is the output for the controlled variable x. SeVdisturbance variables can have an
effect on the controlled system:

1. Artificial light reflecting off the ground-glassisk.

2. An internal potentiometer. A driver amplifierdennected in front of the lamps.
Here a function generator is connected.

3. (TTL/CMOS) socket is supplied via an additiofzahp driver and a relay to the
disturbance light source. Here too the functionegator is connected.

Set of experiments:
1. Light intensity control with the Pl controller
2. Dynamic properties of fast closed loop control
3. PLC Auto - tuning

i

Fig. 12 The light controlled system.
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2 PLC Networks
Components used for networking the automation syste the following:

S7-200 CPU 224/226

Text Display TD200

Connection cable to TD200

TC65 Terminal

Connection cable PC/PPI cable

24V DC power supply LOGO! Power 1.3A
Ethernet module CP243-1 IT

STEP7 Microwin32 V3.2, Toolbox V1.0
Citect SCADA V6.1

OPC server - PC Access

Matricon OPC Explorer

PC with a free serial interface for running confafion software and tools

2.1 PPl interface
2.1.1 TD 200 text display

Continuous real time deals with monitoring and oalfing physical variables as

they occur in time. TD 200 text display is conndcteth S7-200 and performs

HMI tasks. Many keys can be positioned as requamd colour symbols and text
can be freely designed. The states of these otgpigters are then simultaneously
written to the outputs (Fig. 13).

Control of installation from a place occurs as fritra operating buttons connected
with inputs of the controller, and from the panktbperator TD200 [15] connected
with serial port Port_O of the controller by a @hilith converter RS232-RS485 on
the interface PPI.

Fig. 13 PLC with the Text Display TD200.
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The controller port 0 is reserved for the PPI catine with the TD200. Exchange
speed is 9.6 kbps.

TD 200 tuning is carried out in Setup Menu. The mienconfigured to control the
loadings mode, the current regulation parametexsPAD parameters tuning.

=

ESC E

Fig. 14 Current parameters and alarm signals of Tlext Display TD200.

In cases of malfunctions occurrence, the respaméilnldata exchange with the TD
subroutine form alarms.

Alarm signals are produced by the Text Display TD20 cases of protection
operation, the sensor signals loss and malfunatioa power unit. Alarms are
removed by button "ESC" after malfunction reasaesediminated.

2.1.2 Control by means of SPPI in Citect SCADA

Data exchange between the controller S7-200 an@iteet SCADA occurs under
SPPI - direct connection of a point-point type. visualize the developed project
(in this case Rele toka Prim_Citect _UINT) it is esgary to make an adjustment
of the connection between the controller and SCADA.

T OFF
-Jmi

£A 000

ON

o

£A 000
£C 000 £C 4%
sk s N——
Lo 000 Lo 50 No signal !!!
sw, -
..........

Short circuit !!!

Ble|Fle|= o]

[Blelale =] )=

Fig. 15 Project visualization in SCADA.
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In cases of the sensor signal loss, the programs doiegive a switch-off command,
but displays Alarm, and also blocks an opportuwityturn-on, while the sensor
signal is not restored yet. Alarm is removed bytdutReady" after the elimination
of the malfunction reason.

Analog input of the module is processed 15-bit AD®e range of a possible
measured signal of a range 0-20mA will be transéaio an integer format in the
range of 0-32000. In Step7 MicroWIN, the formatlué input signals is Word.

2.2. Wireless signalling and switching via SMS (wit S7-200 and TC65
Terminal)

SIMATIC S7-200 sends wireless fault and operatireggsages via e-mail, or SMS
message using the GSM modem TC65 Terminal. The Ta@&fem can be used in
nearly all GSM networks worldwide. For a wirelesmgection of the controlled

system to a GSM network, the GSM modem TC65 Terhineonnected with the

serial interface of the S7-200 CPU 224.

The SIM card of define mobile service provider laged in TC65 Terminal on
sending and receiving of short messages. Fault @getating messages are
transmitted to a mobile phone as SMSs.

After the connection with TC65 Terminal has beendshed, it is possible to poll
the status of variables and update the user progitnSTEP 7-Micro/WIN.

Fig. 16 Set-up with a GSM modem.

Set-up consists of a
e S7-200 CPU 224 DC
*  GSM Modem TC65 Terminal.
e Both components are connected via a PC/PPI cable.
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e The 24V DC power supply LOGO! Power 1.3A.
Set-up for visualization includes the S7-200 CPB.22
2.3 Networking automation systems via Industrial Bhernet

The Ethernet module CP243-1 IT was used as a glysonnection between the
Internet, Ethernet and S7- 200 bus. Using STEmM & &200 can be configured,
programmed, and diagnosed via the Ethernet. Conuatioin with an OPC server
is also possible.

The IT functions of the CP 243-1 IT form the bafis monitoring and, if
necessary, also manipulating automation systems witWeb browser from a
networked PC. In addition, diagnostic messagesbear-mailed from a system.
Sending an e-mail was initiated by the S7-200 psagram.

A scheme of remote measurement and control sysée@dbon the OPC (OLE for
Process Control), Ethernet and PLC consists of @208 with 256 KB memory
cartridge and an Ethernet CP 243- IT communicatioodule.

On the remote OPC terminal, it offeres process ttatae monitor control system

or offers control commands to the process devicesugh the OPC server's data
access in VB (Visual Basic), thus the purpose aharging the present data is
attained between the lower control level and thgeupnanagement level.

Step7 Ethernet Wizard gives the controller an ampate IP address, and IP
address for access to a network (Gateway Address).

Data are frequently written to the 256 KB memorytridge (approx. every 20
seconds). Via the S7-200 Explorer integrated in STEMicroWIN, the process
values can be read via Microsoft Excel and furfirecessed. Optionally an “HMI”
station can be additionally connected (Fig. 17)e Tollowing network settings
have to be applied on the used network card oPthe

* |P address: 192.168.2.141
¢ Subnet mask: 255.255.255.0

Data exchange with Citect SCADA occurs through Bikernet interface with
protocol TCP/IP.

OPC server PC Access is used for connection becauset@CADA has no driver
for the Ethernet connection with S7-200. PC Acdsss buffer for data exchange
between the controller and SCADA. Monitoring andnagement of the process
are made from SCADA working windows.
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Ethernet Wizard (ETH Configuration for 0) E‘
Module Address

Please select the address to assign to this CP 243-1 module. if your netwark provides a BOOTP
senver (@ senvics that wil automatically assian IP addnesses at startup), you may choose ta have an
P address automaticaly sssansd

IP Address: | [EF]. 168. 10 . 65  [EA)

Subnet Mask: | 255 255 255 . 0

Gateway Address: | 152.168. 10 . 1
I™ Allow the BOOTF serverto automatically assign an IP address for the module

- Module Carnection Type

Spechy the communications connection typs for this madule.
Industrial B

|

| Ata Detsct Communications

<Prev Het> Cancdl |

Fig. 17 IP and Gateway address window.

CP243-1 IT uses only one external connection W#EC.

Configure Connecti

“You have requested T connectionls). For each connection, specify whether the connection should act as &
client or server, and configure its assaciated propeties.

1~ Cannection 0 [1 connections requested]

" Thisis a Client Connestion: Client connedtions request data tiansfers between the local PLE and a
remate server,

i This is a Server Connection: Servers respond ko eannection requests fiom remate elients.

-~ Lozal Propeties [Servei] Remate Propertes (Clisn]
TSAP TS4P
10.00 10.00

I This server wil cannect with an Operator
Fanel [0F)

I Accept all connection iequests.

o T

W Enable the Keep Alive function for this connection

—

Concel

Fig. 18 Address window for the external
device TSAP.

IP controller address is assigned in Step7 Micro@mmunication.
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Access Path ] il
Ao P of the App Host: PC137351748447
. Remate: 192 , 168 2 245 B3]
| - PLE Type. Unkrown

(Standard for Micro/WIN)

Inteface Parameter Assignment Used:

[FCF/IF -+ Broadoom 440 1071301 W Update PLC type i project
EPC PPl cablsiPFI) ~ Diagnostics.. - Network Parameters

[ TCP/IP -> Broadcom 440 10,1001

= Interface: TCPAP(Auta) - Broadcom 440x
BRI TCP/IP > Broadcom 202.11bg Wi (i 101001...

BETCP/IP -+ NelsWi

HRTCR/IP - NelsWianip v et Rl ~cRiE

< >
{Assigning Paramsters to Your NDIS CPs Coacl A
with TCP/IP Protocol (RFC-100€)) Enter a timsout for receiving data. Connections with a high traffic
Ioad may require a higher timeout value.
intefaces

Add/Remove: Select Timeout; 3 seconds
0K Cancel Heln Set PGIPC Interface

Fig. 19 Windows of the controller address.

2.4 Data exchange with Modbus RTU Protocol

Controller CPU226 exchanges the data with the #aqy converter Commander
SK, using the interface RS485 and the ModBus RTbtoool. Speed of an
exchange is 19.2 kbps.

The frequency converter Commander SK was conndotedspond as a Modbus

RTU slave. The Commander SK receives Modbus regjusatr the interface,
interprets those requests and transfers dataftorarthe CPU.
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Fig. 20 Commander SK control, data exchanging
and monitoring.

The Commander SK then generates a Modbus respodstamsmits it out over
the modem interface.

STEP 7 MicroWIN Instruction Libraries makes comnuating to Modbus master
devices easier by including pre-configured subrm#iand interrupt routines that
are specifically designed for Modbus communicationsth the Modbus Slave

Protocol Instructions, the S7-200 is configuredatd as a Modbus RTU slave
device and communicated to Modbus master devices.

LAD/FBD

MBUS_CTRL
—EN

—Mode
—Baud Done[—

—Parity Errorf—
—{Timeout

STL

CALL MBUS_CTRL, Mode, Baud,
Parity, Timeout, Done, Error

Fig. 21 Exchange
initialization block.
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The configuration of the controller port 1 with tipgotocol ModBus RTU is
carried out in Step7 by means of block MBUS_CTRL_Rildefines the data
exchange speed, slave-device parity and the waitimey

Emergency switch-off of frequency drive variables:
Bit V734.6 is FC_switch_OFF bit.

EM243 1 IT _Error bitVv734.7 Ethernet module error
AIW2_No_signal bit V733.0 No signal of Analog modWEEM235 input 2;

ModBus_Error bit V733.1 ModBus protocol error;
AIWO0_No_signal bit V733.2 No signal of Analog mdeiEM235 input 1;
EM235_Error bit V733.3 Analog module EM235 error;

71 IT r [Cag @0 |
[ H_AWD Fi Level PV PLO "™ S e Z®

.........

uuuuuuu

e
[Suiorr] Constant mode
Vent_OFF 0 Current_ON  Temp_OFF Cascade_OFF

Fig. 22 Current control monitoring.

2.5 Data reading from the S7-200 CPU via the OPC clierExcel with the OPC
server PC Access and archiving in the Access datadm

With the S7-200 Explorer, the data records can jppened and displayed using
Microsoft Excel. The operating systems Windows 2868 Windows XP support
"Visual Basic for Applications" (VBA). Using the \MB program code has been
generated in Microsoft Excel for archiving valudstlee S7-200 CPU in an MS
Access database.

This example shows how to archive values from th&@ in an Access database
using an Excel client.

122



ESWicrosot Excel - PCAccess Pl Cantrol OPL T
) pe £t vew Imet Fgmsr Took Dsa Wndow belp -_8x
DEdid diaa- -4 e - @ B oae S0 - BZUE = £
aw o oall
=] - ~
A D = F G H 1 J K B

1 Date Time Fieq_laclive Offset_Sample Rate Seconds_Log Filename

2 10312008 15.06:26 2% 19 00 1 D:'My Documents.Colle ga'Avto maatika Diplo munyi proek
jﬁj 10.31.2008 15.06:27 260! 18 Cuirent

4 | 10.31.2008 15:06:28 2 1 [ 22944

5 | 10.31.2008 15.06.29 324 16 Temp

6 | 10.31,2008 15:06:30 4 13

& 10.31.2006 15:06:31 324 12

8 10.31.2008 15.06.32 324 13 1

9 10312006 15,06 33 E7e] i0 PCAccess Raad Stop Pusk Driva |

10 10.31.2008 15.06:34 35 10 I
11110312008 15:06.35 325 15 —

12

13 PCAccess Current

14

15

16| 2500000

17

121l 20000,00

il

21l 15000,00 Current

23| 1000000 ==Temp,

25

2| 5000,00

2

28

2 0,00

L] 1 20 39 58 77 96 115134 153 172 191 210 229 248 267 286 305 324 343 362 381 400 419

Fig. 23 Graphical display of PLC variables via Ekas OPC
client with PC Access as OPC server.

S7-200 PC Access Excel client displays the vaemlgCurrent and Temp) of the
S7-200 controller. Access to the variable aredvigygs via the DB1 of the S7-200

CPU.
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APPENDIX 3
ELULOOKIRJELDUS

1. Isikuandmed
Ees- ja perekonnanimi Olga Ruban

Sinniaeg ja —koht 01.01.1950 Saraatovi oblasteYea
Kodakondsus Eesti

2. Kontaktandmed
Aadress
Telefon
E-posti aadress

Parna 40-27, 30326 Kohtla-Jarve
55626826
olgar@vk.edu.ee

3. Hariduskaik

Oppeasutus LOpetamise aeg Haridus
(nimetus I8petamise ajal) (eriala/kraad)
Tallinna Tehnikaulikool 2002 Kutsebpetaja
Saraatovi Riiklik Ulikool | 1972 Fuusik, Pooljuhid

dielektrikud

4. Keelteoskus (alg-, kesk- voi kdrgtase)

Keel Tase
Eesti kesktase
Vene kdrgtase
Inglise kesktase

5. Téaiendusdpe

Oppimise aeg

TaiendusoOppe labiviija nimetus

21 —29.03. 2003. a

Elektroonsed regulaatoridkkasaegsed
toostuse automatiseerimise vahendid, 40 t

21 -22.12. 2005 a

“SolidWorks baaskoolitus”

2-14.12. 2007. a.

Programmeeritavad kontroll&@idmens Si
(PRO1,PRO2), 80 t.
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12 — 14. 08. 2008.a. Lucas Nulle didaktiliste segigm
kasutusv@imalusi dppetdds, 40 t.

6. Teenistuskaik

Tootamise aeg Tooandja nimetus Ametikoht
Alates 08.2005 TTU Virumaa Kolled? Lektor, lektodaguhataja
08.1998 — 08.2005 Kohtla-Jarve Osakonnajuhataja,
Polutehnikum elektrotehnika ja automaatika
eriainete Opetaja
09.1995 — 08.1998 Kohtla-Jarve Vene Fuusikadpetaja
GUmnaasium

7. Teadustegevus

8. Kaitstud I6put6od

9. Teadustt6 pbhisuunad.

Programmeeritavate kontrollerite arendamine jutstainsteemides
10. Teised uurimisprojektid

Leonardo da Vinci pilot project «International Gowla of Mechatronics and
Training Materials for Initial Vocational Training»

“Elektroonikaseadmete koostaja dppekava valjatoibtama rakendamine”
"E-Oppelabori vilja arendamine elektriajamite jag@ktroonika valdkonnas TTU-
s ning TTU Virumaa ja Kuressaare Kolledzis"

ESF projekt ,Kutsedppeasutuste dppekavade arendus”
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CURRICULUM VITAE

1. Personal data
Name Olga Ruban
Date and place of birth 01.01.1950 Saratov, Russia

2. Contact information

Address Parna 40-27, 30326, Kohtla-Jarve
Phone 55626826
E-mail olgar@vk.edu.ee

3. Education
Educational institution Graduation year Education
(field of study/degree)
Saratov State University, | 1972 Electronic Engineer
Tallinn University of 2002 Special subjects teacher
Technology

4. Language competence/ski(fuent; average, basic skills)

Language Level
Estonian Average
English Average
Russian Fluent

5. Special Courses

Period Educational or other organization
21 —-29.03. 2003 Controllers as modern item of rabrdystems
40 h*
21 —-22.12. 2005 “Solid Works” based course
214 .12. 2007 PRO-1, PRO-2 Siemens S7 80 h.
12 — 14, 08. 2008 Lucas Nulle equipment opportesiio h.
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6. Professional Employment

Period Organisation Position
since 2005 Virumaa College of Tallinn Lecturer on technical subjects
University of Technology

1998 — 2005 | Kohtla—Jarve Polytechnici  Lecturer

1996 — 1998 Kohtla—Jarve Russian | Teacher
Secondary School

7. Scientific work

Theoretical and applied problems of process comtithl a PLC.
8. Main areas of scientific work/Current research ¢epi
Some aspects of the use of programmable logic @ters in closed- loop control
systems.
9. Other research projects
Project “Elektroonikaseadmete koostaja dppekaljatéétamine ja rakendamine”
Leonardo da Vinci pilot project "International Ciela of Mechatronics and
Training Materials for Initial Vocational Training”
“Elektroonikaseadmete koostaja dppekava valjatoitana rakendamine”
"E-Gppelabori valja arendamine elektriajamite jagi@ktroonika valdkonnas TTUs
ning TTU Virumaa ja Kuressaare Kolledzis"
ESF projekt ,Kutsedppeasutuste dppekavade arendus”
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