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Asynchronous Motors

Principle of function is based on mutual electromagnetic influence of rotated
magnetic field of rotors and stators and currents generated in rotors winding by this
magnetic field.

Asynchronous motor is based on induction tensions and currents in rotor and this is
the reason, why we call it also inductive motor. Rotated magnetic field is in
asynchronous motor generated in stator (stable non-rotated part) winding, which is
made as three-phase, where winding is turned 120° in space.

Awe recognize: Single-phase asynchronous motors, Two-phase asynchronous
motors, Three-phase asynchronous motors

These types are used mostly.

Pneumatic Actuators

By design are pneumatic drives dividing into piston and membrane types.
Membrane drives are mostly used for linear control in valve technique. Rotating
types are designed for control regulation rotation armatures or clack valves.

Control force of pneumatic drives is between 0.5 kN and 90 kN. These drives are
only single acting function, which means that pressure of control medium forcing
contra spring. Described design is able to apply these action elements as emergency
drives too, because in case of losing press of control media it’s able to shift closing
part by function to set position. According to springs design in driver hat function
for pneumatic drives is:

e Direct function (NO — normal open) — drives type without press for control
media open;

e Indirect function (NC — normal closed) — drives type without press control
media close.
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3.1 Hydraulic Actuators

Hydraulic actuators are suited especially for high-force applications. Produced
force is 25 times greater than pneumatic cylinders of equal size. Also have high
horsepower-to-weight ratio by 1 to 2 hp/lb greater than a pneumatic motor. What is
also important is that can hold force and torque constant without the pump
supplying more fluid or pressure due to the incompressibility of fluids. These type
of actuators can have their press sources (pumps and motors) located a considerable
distance away with minimal loss of power. But exists some disadvantages too like
leaking fluid. Like pneumatic actuators, loss of fluid leads to less efficiency.
Requires many companion parts, including a fluid reservoir, motors, pumps, release
valves, and heat exchangers, along with noise-reduction equipment.

Frequency Converters

Used for smooth control of asynchronous motors with squirrel cage - means rotation
speed, torque, starting and after running. Control is implementing by changed
power supply frequency combined with control voltage per semiconductor
frequency converter — it’s compound from indirect voltage frequency converter
(rectifier, DC link, transistor inverter). DC link is mostly noncontrolled - diode. In
DC link is filtration condenser for current filtering rectified voltage and suppressor
for suppressing current shocks when uncharged condenser is connected and for
improving network current — restriction harmonic and improve efficiency. From
DC link is powered transistor inverter, which by pulse-width modulation shaped
sinus output tension and control its effective value. Control of rotation speed is
made by frequency changing optimally according to voltage motor. Frequency
range is from 0 to nominal frequency supply network or to the higher frequencies.
Frequency changes have program adjustable curve incl. current limits what can be
used for control starting and after-running motor. With use frequency converter can
be realized braking in modes: braking DC, resistor braking, regenerative braking.

Softstarters

Is also equipment for smooth starting asynchronous motors — starting with limits
with restriction current and moment shocks, what is achieved by control voltage at
motor clamps with unchanged network frequency by semiconductor changer of AC.
They are used for motors with power from kilowatts to megawatts. Softstarters are
able for one phase motors too. Softstarter for three phases motor is compound from
three twins tyristors phase controlled and connected in antiparallel for power input.
For Y-connected motors we can connect softstarters in triangle, so that softstarted
will control only current in winding and in comparison for control phase current
can be less dimensioned for current — it is used in particular for bigger powers. It is
possible to use so-called bypass which provides after start by clamper overbridge
connection and softstarter can be used for starting other motors. Softstarter has no
possibility to control rotation speed of motor what is compensated by design control
and power function and lower price. It is used especially for starting fans, pumps,
compressors and there where is big inertial mass starting e.g. in conveyors,
centrifuges etc. Softstarter is not suitable for drive with big starting torque.
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I PLC, PAC, PCS

These kind of control systems are probably the most widely used types. Older
German resources use the abbreviation SPS (Speicherprogrammierbare
Steuerung). Main features of the programmable automate comprise the fact that
they are programmed by a user, but user-friendly. Programming in graphical
languages resembles drawing of diagrams (contact or logical diagrams, block
diagrams, state diagrams). They are easy to learn, so they may be used by machine
designers or designers of automated systems when programming basic tasks.
Programming languages for PLC are standardized by an international norm
IEC/EN 61131-3. It defines 4 types of programming languages. The Instruction List
language (IL) is a text language which resembles the assembler language —
respective commands are mnemonic abbreviations for respective instructions. A
program written in the IL language is usually long and lacks transparency. The
Structured Text language (ST) is a higher-level language. It somehow resembles
the Pascal language. It is powerful and algorithm-oriented. Most advantage type of
programming. The Ladder Diagram languages (D) is a graphical language which
looks like a line-diagram once used for connection of switchboards and relay
systems. The LD language is suitable only for writing simple, logical programs (not
complex!), which use only basic logical operations and which require intuitive
approach. The graphical Function Block Diagram language (FBD) resembles
logical diagram of a logical system with integrated circuits, or a more general block
diagram. Similar languages of block diagrams are used as well. The program is very
transparent, if it is not extremely complicated. If using libraries of specialized
function blocks (standard or user libraries), the programming in FBD may be very
efficient.

With respect to size and mechanical arrangement, we usually distinguish several
types of PLCs.

Micro PLC

It 1s the lowest class of programmable automat with a typical range of 10 to 20
inputs and outputs.

Compact PLC

It is a mid-class device with a typical range of 20 to 80 inputs and outputs,
sometimes even a little bit more.

Modular PLC

It is a high-class device — with respect to possible configurations (typical range of
hundreds to thousands of inputs and outputs, various types and combinations,
specialized peripheral modules, various types of central units and communication
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modules, industrial computers modules), and their computational power and
possibilities of communication.
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Other Control Systems

SoftPLC systems are usually SW implemented at industrial computers that use
usually programming according to the standard IEC/EN 61131-3 (described above).
The main advantages include the operating system and a simple way to activate
standard software products, handling of standard peripherals of the computer, use
of archive and communication functions, Ethernet interface, Internet
communication and a significant computational power.

The risk of instability of the operating system is usually solved by the use of a
robust, real-time operating system, or an extension module is attached to the
standard computer which implements the functions of the programmable automaton
(PLC module). There is a variety of methods to implement the SoftPLC systems.
There are still other devices that may be programmed in the style of PLC, such as
frequency converters programmable according to the standard IEC/EN 61161-3.
Similar features are typical for some intelligent terminal modules.

The name industrial computers usually contain a wide class of computer products.
The most common category is represented by embedded systems — these are
systems that are "embedded" into a switchboard, control system or other device.
Industrial computers are sometimes called by the abbreviation IPC (Industrial PC).
It is sometimes used in the same meaning as embedded systems, in some cases it
distinguishes a special class of PCs, which are specially constructed for extreme
durability and unfriendly condition of the industrial environment.

Often used devices are presented by embedded computers with operator panels,
usually with a touchscreen. Their main function is to implement the operator
interface (HMI). Standard computer equipment, memory, communication and
quality colour graphics enable comfortable visualization, monitoring and
documentation of the state of the controlled object; at the same time, they provide
a user-friendly interface. Similar function may be implemented by a compact
embedded computer without a screen. - used mainly for its computational functions
in many cases, for data archiving, communication functions, standard operating
system; it may be used as a tool to access standard peripherals or software products.
It may be used for archiving of large files of data, as a communication adapter (for
Ethernet), Internet access point, or to perform numerically extensive computational
algorithms.

Modular embedded computers are used for demanding applications. Similarly, to
programmable automat (PLC), they are very versatile and their configuration may
be modified according to the requirement of the controlled object.

Industrial computers are approached by programmable automata. Standard
equipment for PLCs of majority of the main PLC manufacturers includes computer
modules (i.e. embedded industrial computers), or the central units of the PLCs are
implemented as a computer (somewhere between PLC and SoftPLC).

It is difficult to tell on the first sight, whether the control system is implemented as
a modular industrial computer, programmable automat (PLC) or a SoftPLC system.
The main classification criteria include the programming method and available
programming languages (for PLCs, they comply with the norm IEC/EN 61131-3).
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5.1 DCS

Distributed Control Systems (DCS) are large process control systems PCS (Process
Control Systems — also used as synonyms), which began to be used in the 60 years
with the advent of the first control computers, which represented the numerical
solution of the centralized control of large technological systems such as chemical
processes, power plants, etc. They were built as suitable centralized solution.

Some DCS systems are specialized, some are, however applicable in more areas.
Exceptions are control systems, where extremely high demands on safety and
reliability of the control system. Highly secure and reliable systems are very
expensive and therefore not deployed where it is not absolutely necessary. These
systems are characterized by strict hierarchical construction with three levels of
control that is bottom-up:

e Sensors level — sensors, actuators
e Level of the first control (technology control and regulation)
e Operator level

e Superior level

In any case, however, still represent a large DCS control system with only a high
degree of reliability in areas where it is necessary to treat a large number of inputs
and outputs of various types and where reliability and security is absolutely
categorical requirement. Their advantage is also the compactness of the system.
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n Regulation

6.1 Regulation Control

Higher level for regulation is automatic control. Means that the system is controlled
so that one or more physical variables are maintained at the prescribed parameters.
An example of such a system may be gas furnace - controlled system, which
performs preheating of material for reasons of a surface treatment (e.g. tempering).
Material supplied inside the oven must be heated to a specified temperature and the
temperature of the furnace, the regulatory circuits (control and regulation) to
maintain a certain period of time (set point). Temperature must be measured and its
size is controlled by control valve (actuator) supply of fuel gas. The system is
controlled by one or more of the parameters measured. These may be any physical
quantity: temperature, pressure, speed, power, voltage, etc. Measuring unit
processes the measured value to the appropriate signal and passes it to the
controller. Since this is a transfer of information from the system, this branch is
called feedback. Also entering into the controller set point (value). It is the size of
the regulated parameter. The difference between value and reference signals
feedback control deviation occurs. Control deviation signal enters the control block,
the size of which creates the appropriate control input to the actuator. Their
activities affect the actuator system and its parameters.

Control Actuator d Controlled
System
|
e
COI:1tr.0| Real Value i
Deviation ;
y . [ |
——>| Regulator MTaSU”"g < =
Setpoint Element

Control regulation scheme

Control

Control is a process, using a feedback to reach desired aim (feedback control). The
aim of the control is to reach and ensure desired value of controlled (output) value
(e.g. room temperature, tank level) or the desired time behaviour (e.g. temperature
behaviour according to weekly plan or a temperature in room according to
specifications). The desired value must be assured not only after desired value
change, but under disturbances, acting to a system, as well. The disturbances
typically do have an unpredictable characteristic, e.g. thermal loss or increase in
heated room (outdoor temperature change, window opening, draught, wall and
room insolation, presence of persons or powered electric equipment).
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Feedback

Principal schematic of feedback control system is shown on the Figure above. The
input of the whole system is a desired value (w) and an output is the actual value
(»). The subtraction element evaluates an error e = w — y, what is input to a
controller. The controller processes the error and outputs a control variable, which
acts via actuators to the controlled system (plant). The controller tries to minimize
the error, for the actual value y to approach the desired w.

PID controllers

PID is the most used type of controller. The common property of ordinary P, PI
and PID controllers is linearity. In case of proportional controller (P), the control
variable is directly proportional to the error.

The control variable of proportional-integral controller (PI) is a sum of two
components — the proportional one (which is, as well as in case of pure P controller,
directly proportional to the error), and an integral one, which is proportional to
accumulated value of the error, i.e. to its integral. Integral action is able to reach
zero error in some cases, where it is impossible with pure proportional controller.

The output (control variable) of proportional-integral-derivative controller (PID)
contains an additional derivative action. It has "anticipating" behaviour and brings
faster response to sudden changes. Its disadvantage is that it amplifies high
frequency noise, present in measurement, what may cause random, erratic operation
of the system.

Until recently, PID controllers were implemented as analogue circuits, usually
based on operational amplifiers. Controllers now are usually implemented in
software. The software can run on a microcontroller, digital signal processor or a
PLC in case of industrial application, or an ordinary personal computer.

Evaluates mathematical expression
uk =p-ek +1i-Zek + d-Aek

Integral of the error is replaced by sequential sum of individual error value samples
at each step (Zex = Xek-1 + ex). Derivation is replaced by a backward difference, i.e.
the difference between actual and previous error sample Aek = ek — ek-1.
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SCADA Systems

Translation for this term is Supervisory Control And Data Acquisition. That’s
mean, this is a software which enables supervision, control, archiving events of
technological (or other of course) process. SCADA systems are often today used as
middle level in control automation in huge companies linked for example to SAP
systems or any systems of this category.

SCADA is the software system operating with coded signals through
communications channels to control a remote device. The control system is usually
supplemented with a system obtaining information about the status of a remote
device for its displaying, processing, and data recording.

HMI (Human Machine Interface) is an imaging software that performs
visualization of technological process. HMI provides the operator of a
technological device detailed schemes up to specific sensors, provides information
about technology management, provide information about trends and diagnostic
data.

SCADA systems typically contains:
e  HMI (Human Machine Interface)

e Remote terminals that converts signals of process sensor into digital data and
enable connection of these sensors with the control centre

e Scripting language with ability to perform control of partial technologies or
functionalities

e Connections possibility various networks — WAN (World Area Network), LAN
(Local Area Network), Ethernet, SMS sending etc.

e Communication with HW of computers through layers like HAL to e.g. provide
fastest displaying graphs, data etc. what in huge data amount is often very
important.

All SCADA systems have two main functional parts 1. Development part/module
and 2. Runtime modules.

On the market exits number of different versions of SCADA systems and we can
name e.g.:

e Wonderware In Touch from company Schneider Electric
e  WinCC from company Siemens
e RELIANCE from company Geovap

e CITECT from company Schneider Electric
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e ControlWeb from company Moravské Pfistroje — www.mii.cz

e RSView Studio from company Rockwell Automation

OPC (www.opcfoundation.org)

One of most important functionality is standardised interface (from PLC/PAC) for
SCADA systems. It’s wide spread and is base for standardisation because it makes
independency PLC and SCADA systems because in previous times was normal
than PLC supplier have to supply SCADA system too for compatibility reasons.
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