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CUVANT INAINTE

Pornind de la lucrarea ,,Sisteme SCADA pentru monitorizarea echipamentelor
electrice” publicata in urma cu un deceniu de acelasi nucleu de autori, In aceasta
lucrare se prezinta 30 de aplicatii de automatica si SCADA, din domeniul energetic
si al echipamentelor electrice. Dacd 1n prima lucrare s-au prezentat conceptele
teoretice si doar doua aplicatii practice, in prezenta lucrare autorii si-au propus sa
prezinte doar aplicatii practice realizate in ultimele doud decenii, componenta
teoretica fiind apelatd in bibliografia fiecarei aplicatii. Mentiondm ca aplicatiile
prezentate au fost realizate de cdtre autori de-a lungul timpului in cadrul colecti-
velor in care si-au desfasurat activitatea de cercetare, autorii realizdnd alegerea
structurilor hardware si implementarea software a programelor necesare indeplinirii
caietelor de sarcini impuse de beneficiari. Majoritatea acestor aplicatii au fost puse
in functiune si date In exploatare catre beneficiari de tipul companiilor nationale
din domeniul electroenergetic. Celelalte aplicatii au fost testate in laboratoarele
INCDIE-ICMET Craiova in cadrul unor proiecte nationale de cercetare. Imple-
mentarea acestor aplicatii, Impreund cu urmadrirea in timp a functionarii in vederea
optimizarii a durat in unele cazuri cativa ani si este rodul unor eforturi sustinute
imperios necesare in activitatea de cercetare. Nu este lipsit de importanta faptul ca
majoritatea solutiilor implementate au reprezentat premiere la momentele respec-
tive in ceea ce priveste hardware-ul si software-ul utilizat, dat fiind faptul ca in
majoritatea aplicatiilor se ficea trecerea de la epoca automatizirii prin relee la
automatizarea bazatd pe calculatoare de proces, iar cerintele exprese ale benefi-
ciarilor erau de aliniere la nivel mondial a obiectivelor automatizate.

Prin enumerarea de termeni tehnici/cuvinte cheie care se regasesc in cele
30 de aplicatii prezentate, sperdm sa declansam interesul cititorului, dat fiind faptul
ca acesti termeni se regasesc in domenii ca automatica, comunicatii de date, tehno-
logia informatiei si a calculatoarelor, inginerie electricd si energetica. Astfel, dintre
acesti termeni amintim: SCADA, HMI, OPC-UA, tehnologia Microsoft DCOM,
DataSocket Server, Servere I/O Modbus LabVIEW, NI-PSP, Fuzzy Logic, Gmail
server, MySQL, JSON, Web server, Cloud database, ZigBee, SIL, filtru Kalman,
VSR, LQR, Wavelet Transform, filtru Daubechies, transformata Hilbert, ARX,
ecuatia Riccati, aproximatia Padé, FPGA, DGA, Fanuc TCP/IP, PROFIBUS,
masina de inferentd, baze de fapte si reguli, CLIPS, Matlab/SIMULINK, Ziegler-
Nichols, CANopen, MRAC, PLL, SPWM, FOC.

Lucrarea de fata incearcd sd acopere un gol in literatura tehnica din tara
noastrd In ceea ce priveste prezentarea de aplicatii din tematica sus amintita.
Aplicatiile prezentate, desi sunt eterogene, au fost grupate, in ordinea prezentarii,
in aplicatii din hidroenergetica (automatizarea i monitorizarea serviciilor proprii si
generale pentru hidrocentrale, automatizarea instalatiilor de actionare electrica,
hidraulica si de incélzire a stavilelor cu clapetd de pe barajele din hidrocentrale si
controlul temperaturii generatoarelor hidroagregatelor), aplicatii din termoener-
getica si statii electrice (reglarea temperaturii la cuptoarele de calcinare, monito-
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rizarea conductivitatilor electrice si a debitelor bazinelor de tratare chimicd a apei
din termocentrale, calculul si monitorizarea entalpiei §i energiei termice la cazane
termice, modernizarea surselor de alimentare de rezerva din statiile electrice,
teleconducerea si integrarea in SCADA a statiilor electrice).

Se prezintd si o serie de aplicatii individuale privind automatizarea proce-
sului de trecere la nivel cu calea feratd si integrarea In SCADA, automatizarea
instalatiei de uscare cu vapori de kerosin, monitorizarea bazatd pe amprenta
acustica pentru procesul de sertizare a izolatorilor compoziti, detectia scurgerilor
prin conducte utilizand tehnica emisiilor acustice bazat pe functia de cross-
corelatie, detensionarea prin vibratii controlate a pieselor metalice cu tensiuni
interne reziduale utilizdnd transformata Wavelet, integrarea in SCADA a aplica-
tiilor pentru controlul proceselor industriale, monitorizarea stérii cablurilor elec-
trice, monitorizarea starii echipamentelor electrice in special a transformatoarelor
de putere, prin automatizarea sistemului de racire al acestora, determinarea tempe-
raturii de hot-spot si estimarii starii de defect pe baza analizei gazelor dizolvate
utilizand logica fuzzy.

De asemenea, In ceea ce priveste analiza calitatii energiei electrice se
prezinta o aplicatie bazata pe un sistem embedded Compact-RIO si module FPGA
folosind transformata Wavelet. O aplicatie aparte o reprezinta problema cuburilor,
transformarea configuratiei initiale n cea finald, cu generarea automatd a traiec-
toriei unui brat manipulator in coordonate carteziene, problema prezenta in auto-
matizarile discrete, In operatiile de paletizare si sortare piese.

O alta aplicatie se refera la controlul actionarilor electrice cu motoare asin-
crone in care se prezintd controlul actiondrilor electrice multimotor cu dinamica
ridicatd, cu modificari rapide ale cuplului si vitezei, cu cuplaj rigid sau flexibil al
motoarelor, cu strategia de control de tip Field Oriented Control (FOC) pentru
fiecare actionare si control distribuit in reteaua locald de comunicatii utilizand
protocolul CANopen. Tendinta generald este de a utiliza motoare asincrone cu
rotor in scurtcircuit (inclusiv in industria miniera de suprafatd din care este
selectata aplicatia prezentatd), datoritd avantajelor acestui motor atat in ceea ce
priveste proiectarea, cat si functionarea. Pentru a obtine vitezd variabild, se
utilizeaza convertoare de frecventa statice cu control sensorless, unde viteza este
estimatd folosind un estimator de tipul Model References Adaptive System
Estimator (MRAS). Sistemul global de control propus in aceasta lucrare contine un
estimator de tip MRAS impreund cu controlere de tip PI, care asigurd o
performantd dinamica bund dar intr-o complexitate mai micd a structurii astfel
incat sa fie implementate in timp real intr-un sistem de control distribuit cu DSP
intr-o retea locala utilizand protocolul CANopen cu avantaje in ceea ce priveste
tehnologia software, precum si costul de control si flexibilitatea utilizarii. Urmand
aceste directii, o aplicatie functionald a fost implementata si testatd in practica.

Aplicatiile prezentate inglobeaza solutii concrete verificate in practicd prin
implementarea de software in echipamente ale marilor producatori mondiali:
Siemens, GE Fanuc, National Instruments, Saia Burgess, Microchip etc. Pentru a
evita redundanta in expunere (desi fiecare aplicatie poate fi studiatd individual), in
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unele aplicatii s-au prezentat preponderent arhitecturile si structurile hardware
alese ca solutie, in timp ce alte aplicatii s-au axat pe prezentarea implementarii
software si/sau pe prezentarea simuldrilor numerice. Mediile de programare
software folosite sunt de cel mai inalt nivel, dintre care enumeram: Cimplicity,
WinCC, LabVIEW, Visual Studio, Matlab/SIMULINK, MPLAB IDE, Instruction
List — limbaj de asamblare etc. Explicatiile privind solutiile alese pentru implemen-
tarea practica a aplicatiilor sunt generoase, si insotite de peste 450 de figuri.

Desi solutiile aplicatiilor prezentate pot fi imbunatatite si in mod evident
versiunilor software si structurilor hardware utilizate trebuie ,,aduse la zi”, valoarea
metodologicd a solutiilor pentru aplicatiile prezentate se pastreaza, iar aceste solutii
pot constitui atdt un punct de plecare cat si o variantd viabild si verificata pentru
aborddrile ulterioare ale aplicatilor prezentate. Astfel, lucrarea se adreseaza unui
public larg, de la studenti, masteranzi si doctoranzi, pana la cercetatori seniori din
domeniile vizate.

Autorii multumesc tuturor colaboratorilor si celor care le-au oferit sprijin si
indicatii in rezolvarea si punerea in practicd a aplicatiilor prezentate. Dat fiind
faptul ca aceste aplicatii au fost realizate in primele doud decenii ale acestui
mileniu, este greu de adresat multumiri individuale tuturor colaboratorilor, astfel
ca speram ca suntem intelesi si cuprindem un numar cit mai mare dintre acestia,
cand ne adresdm multumirile si sincere recunostinte colectivelor de cercetare
din cadrul Institutelor Nationale de Cercetare INCDIE-ICMET Craiova si INCD-
ICEMENERG (Sucursala Craiova), dar si cadrelor didactice ale Facultatilor
de Automaticd, Calculatoare si Electronica si Inginerie Electricd din cadrul
Universitatii din Craiova. De asemenea, multumim firmelor partenere si bene-
ficiarilor din cadrul companiilor nationale din domeniul electroenergetic cu care
am colaborat Tn acest timp pentru implementarea aplicatiilor prezentate.

Craiova, februarie 2021 Autorii



FORWORD

Starting from the paper titled “SCADA systems for electrical equipment
monitoring” published a decade ago by the same nucleus of authors, this paper
presents 30 automation and SCADA applications, in the field of energy and
electrical equipment. While the theoretical concepts and only two practical
applications were presented in the first paper, in this paper the authors set out to
present only practical applications achieved during the last two decades, the
theoretical component being referred to in the bibliography section of each
application. We specify that the presented applications have been achieved by the
authors over time as part of the teams with whom they carried out their research
activities, and the authors carried out the selection of the hardware structures and
the software implementation of programs necessary to meet the specification
required by beneficiaries. Most of these applications have been put into operation
and commissioned to beneficiaries such as national power companies. The other
applications were tested in the laboratories of the National Institute for Research,
Development and Testing in Electrical Engineering-ICMET Craiova as part of
national research projects. The implementation of these applications, together with
the tracking of the operation over time, aiming at optimization lasted in some cases
for several years and is the result of sustained efforts which are imperative for the
research activity. It is not unimportant the fact that most of the implemented
solutions were premieres at that moment, in terms of the hardware and software
used, considering that, for most applications there was a transition from the era of
relay-based automation to process computer-based automation, and the express
requirements of the beneficiaries aimed for the alignment of the automated
objectives worldwide.

By listing the technical terms/keywords mentioned in the 30 applications
presented, we hope to spark the reader's interest, given that these terms are
mentioned in areas such as automation, data communications, information and
computer technology, electrical and power engineering. Thus, among these terms
we mention: SCADA, HMI, OPC-UA, Microsoft DCOM technology, DataSocket
Server, ModV LabVIEW 1/O servers, NI-PSP, Fuzzy Logic, Gmail server,
MySQL, JSON, Web server, Cloud database, ZigBee, SIL, Kalman filter, VSR ,
LQR, Wavelet Transform, Daubechies filter, Hilbert transform, ARX, Riccati
equation, Padé approximation, FPGA, DGA, TCP/IP Fanuc, PROFIBUS, inference
machine, facts and rules, CLIPS, Matlab/SIMULINK, Ziegler-Nichols , CANopen,
MRAC, PLL, SPWM, FOC.

This paper tries to span a gap in the technical literature in our country in
terms of presenting applications on the above mentioned topic. The applications
presented, although heterogeneous were grouped, in the order of their presentation,
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under hydropower applications (automation and monitoring of its own and general
services for hydroelectric power plants, automation of electrical, hydraulic and
bear-trap dams on dams in hydropower plants and the temperature control of the
generators of hydro-aggregates), applications in thermal power and electric sub-
stations (regulation of temperature in roasting furnaces, monitoring of electrical
conductivities and flow rates of chemical water treatment tanks in steam power
plants, calculation and monitoring of enthalpy and thermal energy in boilers,
modernization of backup power supply of electric sub-stations, telecontrol and
integration of electric sub-stations into SCADA).

It also presents a series of individual applications on the automation of the
level crossing process and integration into SCADA, the automation of the kerosene
vapor drying installation, acoustic fingerprint monitoring for the composite
insulator crimping process, pipe leakage detection using the acoustic emission
technique based on the cross-correlation function, controlled vibration stress relief
of metal parts with residual internal stresses using the Wavelet transform, the
integration into SCADA of applications for the industrial process control,
monitoring of electrical cables, the monitoring of electrical equipment, especially
power transformers, based on the automation of their cooling system, the
determination the hot-spot temperature and the assessment of the fault condition
based on the dissolved gases analysis using the fuzzy logic.

Also, in terms of power quality analysis, an application based on an
embedded Compact-RIO system and FPGA modules using the Wavelet transform
is presented. A special application is the problem of cubes, the transformation of
the initial configuration into the final one, with the automatic generation of the
trajectory of a manipulator arm in Cartesian coordinates, a problem which occurs
in discrete automations, in palletizing and parts sorting.

Another application relates to the control of electric drives with
asynchronous motors, which presents the control of high-dynamic multi-motor
electric drives, with fast changes in torque and speed, with rigid or flexible
coupling of motors, with Field Oriented Control (FOC) strategy for each drive and
control distributed in the local communications network using the CANopen
protocol. The general tendency is to use asynchronous motors with short-circuited
rotors (including in the surface mining industry from which the presented
application is selected), due to the advantages of this motor, both in terms of design
and operation. To obtain variable speeds, static frequency converters with
sensorless control are used, where the speed is estimated using an estimator such as
the Model References Adaptive System Estimator (MRAS). The global control
system proposed in this paper contains an MRAS type estimator together with PI-
type controllers, which ensures a good dynamic performance, but with a lower
complexity of the structure, in order for them to be implemented in real time in a
control system distributed by DSP in a local network using the CANopen protocol
with advantages in terms of the software technology, as well as the cost of control
and flexibility of use. By following these directions, a functional application has
been implemented and tested in practice.
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The presented applications include concrete solutions, verified in practice by
implementing software into equipment of major world manufacturers: Siemens, GE
Fanuc, National Instruments, Saia Burgess, Microchip etc. To avoid presentation
redundancy (although each application can be studied individually), mainly the
architectures and hardware structures selected as solutions were presented in the
case of some applications, while other applications focused on the presentation of
the software implementation and/or the presentation of numerical simulations. The
software programming environments used are of the highest level, among which
we mention: Cimplicity, WinCC, LabVIEW, Visual Studio, Matlab/SIMULINK,
MPLAB IDE, Instruction List — assembly language etc. The explanations regarding
the solutions selected for the practical implementation of the applications are
generous, and accompanied by over 450 figures.

Although the solutions of the presented applications can be improved and
obviously the software versions and the hardware structures used need to be
“updated”, the methodological value of the solutions for the presented applications
is maintained, and these solutions can be both a starting point and a viable and
verified option for subsequent approaches to the applications presented. Thus, the
paper is addressed to a wide audience, from undergraduates, MSc. and PhD
students, to senior researchers in the fields concerned.

The authors would like to thank all the collaborators and those who offered
their support and guidance in solving and implementing the applications presented.
Given the fact that these applications have been achieved in the first two decades
of this millennium, it is difficult to give individual thanks to all collaborators,
therefore we hope that they would understand us and we will include as many of
them as possible when we address our thanks and sincere gratitude to the research
teams within the National Research Institutes ICMET Craiova and ICEMENERG
(Craiova Branch), as well as the teachers of the Faculties of Automatics, Computer
Science and Electronics and Electrical Engineering within the University of
Craiova. We would also like to thank the partner companies and beneficiaries in
the national companies in the field of electric power with which we collaborated
during this time for the implementation of the presented applications.

Craiova, February 2021 The authors



CUVINTE CHEIE $1 ABREVIERI

SCADA — Supervisory Control and Data Acquisition/Sistem de Control,
Supraveghere si Achizitie de Date

HMI — Human Machine Interface)

OPC-UA — OLE-Object Linking and Embedding for Process Control -
Unified Architecture

tehnologia Microsoft DCOM — Distributed Component Object Model
DataSocket Server

Servere I/O Modbus LabVIEW

NI-PSP — NI Publish and Subscribe Protocol

LabVIEW — Laboratory Virtual Instrument Engineering Workbench
LabVIEW MathScript RT

LabVIEW Report Generation

LabVIEW DSC — Datalogging and Supervisory Control
LabVIEW Database Connectivity

LabVIEW ActiveX

LabVIEW Real-Time

Instruction List — Limbaj de asamblare

Gmail server

SMTP — Simple Mail Transfer Protocol

SSL — Secure Sockets Layer

MySQL — Structured Query Language

ODBC — Open Database Connectivity

Microsoft UDA — Universal Data Access

Microsoft ADO — ActiveX Data Object

JSON — JavaScript Object Notation

Web server

Cloud database

TDMS — Technical Data Management Streaming

MAX — Measurement & Automation Explorer

NI-DAQmx Application Programming Interface — API
protocolul TCP/IP Modbus

protocol ZigBee — implementare specificatii IEEE 802.15.4
NI WSN — NI Wireless Sensor Network

NI Gateway
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SIL — Safety Integrity Level

LC — level crossing

AE — Acoustic Emission/Tehnica de emisie acustica
Functia de cross-corelatie

filtru Kalman

VSR — Vibratory Stress Relief

LQR/RLP — regulatorul liniar-patratic

LQG/LPG — problema linear-patratica-Gaussiana de control
WT — Wavelet Transform/Transformata Wavelet

DWT - Discret Wavelet Transform/Transformata Wavelet Discreta
filtru Daubechies

transformata Hilbert

PRMSD - diferenta patraticd medie procentuald

functie de transfer

ARX — Auto-Regressive with Exogenous

LQR — Linear Quadratic Regulator

ecuatia Riccati

aproximatia Padé

DGA - analiza gazelor dizolvate

control fuzzy logic

FPGA - Field-Programmable Gate Array

DMA — Direct Memory Access

CompactRIO

RT FIFO — Real Time First-In-First-Out memory buffers
Modbus SMS/GSM

Modbus RTU — Remote Terminal Unit

retea GPRS

masina de inferenta

baze de fapte si reguli

CLIPS — Language Integrated Production System, A Tool for Building
Expert Systems

Matlab/SIMULINK

Ziegler-Nichols

CANopen

MRAC — Model References Adaptive Control
PLL — Phase Locked Loop technique

SPWM — Sinusoidal Pulse Width Modulation
FOC - Field Oriented Control
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