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Rezumat: Aceastd lucrare prezinta sistemul expert DiagRED
pentru diagnoza regimurilor stationare ale retelelor electrice de
distributie. Sunt prezentate structura si componentele DiagRED.
Sunt descrise baza de date, baza de cunostinge si interfata utilizator.
Principalii functori si principalele reguli, implementate in limbajul
Prolog, sunt prezentate si comentate.
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1. Introducere

In ultima perioadi, tehnologia sistemelor expert (SE) a
castigat interes deosebit in diverse domenii. Un aspect al
tendintei curente este aplicarea SE 1n diverse probleme
ingineresti si activitati productive. Acest lucru este valabil
si pentru domeniul ingineriei electrice si este estimat ca el
va continua in viitor.

Un SE este un program pentru calculator care are o baza
de cunostinte (date si reguli), un motor de inferenta si o
interfatd utilizator. El este proiectat s rezolve sarcini dificile
intr-o manierd asemandtoare cu a expertului uman.

SE oferd un numar de avantaje [1-5]:

1. Asista expertii umani. Un SE poate realiza performanta
la un nivel atins de o persoana cu expertiza recunoscuta in
domeniul respectiv de competentd. De aceea, el poate reduce
sarcinile manuale obositoare si redundante si ofera expertului
uman un mediu care 1i creste productivitatea i ca urmare
conduce la o functionare eficientd. In domeniul sistemelor
electroenergetice SE au fost deja aplicate pentru asistarea
operatorilor la supravegherea si controlul functiondrii
sistemului §i in prezent exista suficienta expertiza 1n acest
domeniu.
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1. Introduction

In the last years, the expert system (ES) technology
has captured interest in many fields. One aspect of the
current trend is the application of the ES to various engi-
neering problems and production activities. This aspect is
also valid in electric power engineering and it is estimated
to continue in the future.

An ES is a computer program that has a knowledge base
(data and rules), an inference engine and a user interface.
It is designated to solve a difficult task in same manner as
a human expert.

ES presents a number of advantages [1-5]:

1. Assisting the human experts. An ES can implement
performance at the level exhibited by a person with recog-
nized expertise in the problem field. Therefore, it can reduce
tedious and redundant manual tasks and provide to the
human expert an environment that enhances his productivity
and thus lead to efficient operation. In the power system
(PS) area, the ES has been already implemented for helping
the engineers to survey and to control the system operation
and nowadays there is enough useful examination in this
field.
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2. Flexibilitate. Fiecare reguld de productie reprezinta o
piesd de cunoastere relevanta referitor la 0 anumita problema.
De aceea este foarte usor sa se adauge, sa se Indeparteze sau
sd se modifice o anumitd reguld din baza de cunostinte,
pe masura ce experienta in domeniu se dez-volta. Aceasta
calitate este foarte potrivitd pentru domeniul SEE deoarece
permite imbunatatirea permanentd a perfor-mantelor SE.

3. Transparenta. Regulile de productie ca mod de repre-
zentare a cunostintelor, sunt asemanatoare limbajului natural
uman si de aceea usor de inteles. SE pot prezenta pasii care
conduc la concluzie si se poate explica procesul de rationare.
Utilizatorul poate confirma sau corecta concluzia prin exa-
minarea explicatiilor date de masina de inferenta.

4. Universalitate. Baza de cunostinte depinde de dome-
niul de aplicatie al SE dar masina de inferenta si interfata
utilizator sunt independente. De ceea, prin inlocuirea bazei
de cunostinte pentru acelasi nucleu se pot obtine ES diferite.

5. Rapiditate. SE poate realiza expertiza corecta oricand
este nevoie de acesta. SE asigurd o reactie mult mai rapida la
situatiile de urgentd decat expertii umani.

Toate aceste calitati ale SE le fac foarte util de aplicat
la urmérirea si conducerea regimurilor retelelor electrice
de distributie (RED) unde calculatorul poate substitui cu
succes activitate omului.

Aceasta lucrare continud lucrarea anterioara [10] in
care sunt prezentate conceptele de bazd si fundamentele
teoretice al Diagnozei Bazate pe Model (MBD) aplicata la
analiza regimurilor stationare ale retelelor electrice de
distributie. In [10] sunt prezentate modelele pentru descrierea
sistemului, presupuneri $i observatii. Sunt prezentati indi-
catorii fuzzy ai marimilor electrice de interes pentru diag-
noza si este descrisd metodologia de implementare intr-o
aplicatie de tip SE.

2. Determinarea impedantei prin masuratori

In figura 1 este reprezentati diagrama bloc a mediului
de diagnoza. Datele provenite din retea prin SCADA sunt
colectate Tn baza de date. Baza de reguli contine informatii
tip expert care sunt folosite la diagnoza si impreuna cu baza
de date formeazd baza de cunostinte a DiagRED. Pentru
imbunatatirea calittii, baza de cunostinte poate fi modificata
de catre expertul In domeniul ingineriei energetice si de
catre inginerul de cunostinte.

2. Flexibility. Each production rule represents a piece
of knowledge relevant to the task. Hence it is very
convenient to add, to remove and to modify a rule in a
knowledge base as experience is gained. This quality is
very appropriate for the PS domain because it permanently
improve the ES performances.

3. Transparency. Production rules are closed to natural
language and therefore easy to understand. The ES can
give the steps that led to the conclusion and can explain
the reasoning process. The user can confirm or correct the
conclusion by examining the explanations given by the
inference engine. This is the reason why ES is a valuable
tool in the assistance of the PS control.

4. Universality. The knowledge base depends on the
field, but the inference engine is independent. So, different
ES can be developed by the replacement of the knowledge
base.

5. Quickness. The ES can provide the right expertise
whenever needed. ES can provide quicker reactions to
emergency events than the human operators.

All the qualities outlined before makes the ES very
useful in electrical distribution systems (EDS) supervisory
and operation where computer can successfully substitute
human activity.

This paper continues the previous work [10], where
the basic concepts and theoretical foundations for Model
Based Diagnosis (MBD) applied to steady state EDS
diagnosis are presented. In [10] are also presented the
models used to describe the system, the assumptions and
observations. Even more, fuzzy indexes corresponding to
the main electrical quantity used in diagnoses are revealed
and the integration of this method in an ES application is
described.

2. DiagRED structure

Figure 1 reveals the block structure of the diagnosis
environment. The network data provided by the SCADA
system are collected in the database. The rules base has
expert-type information used for the diagnosis, and together
with the database determines the knowledge base of
DiagRED. To enhance its quality, the knowledge base can
be updated by the expert in the electric power system
engineering and by the knowledge engineer.
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Figura 1. Schema generala a DiagRED
Figure 1. DiagRED general chart
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Fizic DiagRED este un program pe calculator care:

¢ primeste date de intrare despre RED de la sistemul de
control si achizitie de date (SCADA);

¢ comunica bidirectional prin interfata utilizator.

Baza de cunostinte trebuie sd contina regulile de cunos-
tinte. Unele dintre aceste reguli sunt obtinute din experienta
expertii umani, altele sunt stabilite din consideratii tehnice
si economice. Pentru o performanta crescutd a DiagRED,
baza de cunostinte trebuie periodic actualizata utilizdnd o
analizd continud a rezultatelor obtinute.

DiagRED are doua module de program, fiecare dintre ele
cu propria interfata. Primul modul calculeaza indicatorii fuzzy
locali si globali pentru toate marimile electrice utilizate la
diagnoza iar al doilea modul determina masurile de reparare
care trebuie aplicate pentru obtinerea regimului cvasi-optim.

3. Baza de date si baza de cunostinte
3.1 Baza de date
Baza de date este continutd de un fisier tip text cu
numele <numele_retelei>.DBA. Informatia din acest
fisier este structuratd ca functori Prolog. Fiecare tip de
functor este declarat in program la sectiunea database.
Functorii continuti in baza de date sunt urmatorii:
® date_gen (Nrnod, NrLE, NrTrafo, NrStatii,
NrFideri); contine date generale despre reteaua luatd
1n analiza: numarul total de noduri, numarul de laturi
tip LEA sau LES, numarul de laturi tip transformator,
numarul de statii care alimenteaza radial reteaua de
distributie si numarul total de fideri din retea; baza de
date contine un singur element de acest tip.
® st (Nr, Nume, NrSt, NrFideri); contine date
referitoare la statiile electrice din retea: numarul curent al
functorului, numele statiei, numarul statiei si numarul
de fideri ai statie respective; baza de date contine cate
element de acest tip pentru fiecare statie electrica.
® nod(N, Nume, Nr, NrSt, NrFider, U, Un,
Niv, P, Q) contine date referitoare la nodurile retelei:
numarul curent, numele nodului, numarul nodului, nu-
marul statiei de la care este alimentat, numarul fiderului
de care apartine, tensiunea nodului, tensiunea nominald
a nodului, nivelul tensiunii nodului, puterile activa si
reactiva consumate in nod; baza de date contine cate
element de acest tip pentru fiecare nod din retea.
® Je(Nr, Nodi, Nodf, NrSt, NrFider, Ief,
Iadm, Niv, Lung, Pd, Od, Pi, Qi, DP1, DQI1,
Func) contine date referitoare la laturile tip linie electrica
(LEA sau LES) din retea: numarul curent, numdarul initial
al laturii, numarul final al laturii, numarul statiei de care
apartine, numarul fierului in care se afla, valoare efectiva
a curentului de faza, Valoarea admisibila a curentului de
faza, nivelul tensiunii, lungimea laturii, puterile activa si
reactiva de circulatiei in sens direct (’d”’ — initial la final)
si invers (i — final la initial), pierderile active si reactive
longitudinale si starea laturii (1 — In functiune, O — deco-
nectatd); baza de date contine céte un element de acest tip
pentru fiecare laturad tip linie electrica din retea.
® trafo(Nr, Nodi, Nodf, NrSt, NrFider, Sef,
Sec, Sn, NivI, NivJ, Pd, Qd, Pi, Qi, DPI,
DQ1, Func); contine date referitoare la laturile tip trans-
formator din retea: numarul curent al inregistrérii, numerele
nodurilor initial si final ale laturii, numerele statiei si fide-
rului de care apartine, puterea aparentd de circulatie pe
latura, puterea aparentd economica de functionare a trans-

DiagRED is a software application which:
e receives input data about the EDS from SCADA
e has a bi-directional communication line with the human
user through the user interface
The knowledge base must contain the diagnosis rules.
Some of these rules are obtained from the human experts
by experience, other are settled on the technical and eco-
nomical considerations. To achieve a better performance
for DiagRED, the knowledge base must be periodically
updated by using a perpetual analyzes of the results.
DiagRED has two-program modules, each with its own
interface. The first module calculates the local and global
fuzzy indexes for all electrical quantities used in diagnosis
and the second one determines the repair measures which
must be applied in order to achieve the quasi-optimal state.

3. The Database and the knowledge base

3.1. The DataBase
The database is a text type file and its name has the

following form: <network_name>.DBA. The information

in this file is structured as Prolog functors. Each functor

type is declared in the database section in the program.

The used functors from the database are:

® date_gen(Nrnod, NrLE, NrTrafo, NrStatii,

NrFideri) - general data concerning the analyzed
network: the number of buses, the number of branches
(OPL or UPL), the number of transformers, the number
of radial power stations and the number of feeders; the
database has only one element of this type.

® st (Nr, Nume, NrSt, NrFideri) — data concerning
the power stations: current functor number, station name,
station number, the number of feeders from the station;
the database has one element of this type for each station.

® nod (N, Nume, Nr, NrSt, NrFider, U, Un,
Niv, P, Q) — data concerning the buses: current bus
number, bus name, station number from which is sup-
plied, the number of the depending feeder, bus voltage,
bus rated voltage, bus voltage level, active and reactive
power; the database has one element of this type for

each bus.
® 1le(Nr, Nodi, Nodf, NrSt, NrFider, Ief,
Tadm, Niv, Lung, Pd, Qd, Pi, Qi, DP1l, DOQI1,

Func) — data concerning the branches (OPL or UPL):
current branch number, initial branch number, final
branch number, station number, feeder number, electric
phase current value, admissible value of phase current,
voltage level, branch length, active and reactive powers
from the normal (d - initial to final) and reverse (i - final
to initial) power flows, active and reactive longitudinal
losses and branch state (1 — connected, 0 — discon-
nected); the database has one element of this type for
every branch.

e trafo(Nr, Nodi, Nodf, NrSt, NrFider, Sef,
Sec, Sn, NivI, NivJ, Pd, Qd, Pi, Qi, DP1,
DQl, Func) - data concerning the transformers:

current number, initial and final bus number of trans-
former branch, station and feeder number, apparent
power flow on the branch, economical rated apparent
power of the equivalent transformer, voltage level (high
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formatorului echivalent, puterea aparentd nominala a trans-
formatorului echivalent, nivelul tensiunii la Tnalta tensiune
si la medie tensiune, puterile active si reactive de circulatie
in sens direct si invers pe latura (sensul este raportat la
numerotarea nodurilor), pierderile active si reactive longi-
tudinale si starea de functionare a laturii; baza de date con-
tine cate un element pentru fiecare latura tip transformator.

® rez_glob(Pg, Qg9, Pc, Qc, DP, DQ, Rnd);
contine rezultatul bilanfurilor de putere activa si reactiva:
puterile totale activa si reactiva generate, puterile totale
activa si reactiva consumate, pierderile totale de putere
activa si reactiva si randamentul de transport; element unic.

e data_file(d_rfile); contine numele fisierului care
contine baza de date; element unic.

3.2. Baza de cunostinte

Baza de cunostinte este continuta in fisierul text cu
numele <numele_retelei>. KNW si in sectiunea clauses a
programului sistem expert DiagRED.

Fisierul * KNW are 6 tipuri de functori. Fiecare functor
defineste o lista de date pentru un regim de baza. Functorii
sunt urmatorii:

® umaxnod (reallist), uminnod(reallist) pentru
valorile limita ale benzilor de tensiune;

® uoptnodh (reallist), pentru valorile optime ale tensiu-
nii din noduri Tn regimului de bazi H (regimul maxim);

® uoptnodl (reallist), pentru valorile optime ale ten-
siunii din noduri in regimului de baza L (regimul minim);

e compensatoare (reglist)- mijloacelor de compen-
sare a puterii reactive si zonele de influenta ale acestora;

® generatoare (reglist)- mijloacelor de compensare

a puterii active si zonele de influenta ale acestora;

De asemenea baza de cunostinte mai contine:

e JoadTotH (real) cu valoarea consumului total de
putere activa pentru regimul H;

e JoadTotL (real) cu valoarea consumului total de
putere activa pentru regimul L;

® know_file(string) pentru numele figierului care
contine baza de cunostinte;

e date_gen_knw(string) care contine o cheie de
compatibilitate cu baza de date.

In sectiunea clauses a DiagRED se afld reguli care im-
plementeazd metoda de diagnoza prezentata in [10] astfel:

¢ reguli pentru calculul indicatorilor fuzzy pentru: tensi-
unile nodale, puterile activa si reactivd consumate si
puterile de circulatie pe laturile retelei; de asemenea
exista reguli de definire a indicatorilor globali fuzzy;

e reguli pentru diagnoza globala;

e reguli pentru determinarea multimilor {intd minime a
regulatoarelor de tensiune si a regulatoarelor de putere
activa;

¢ reguli generale de cautare si afisare a informatiilor.

4. Interfata utilizator

Sistemul expert este alcatuit din doud module de pro-
gram. Primul modul (DiagRED modulul 1) calculeaza
valorile indicatorilor locali si globali fuzzy iar al doilea
modul (DiagRED modulul 2) calculeaza diagnoza globala
si determind masurile care trebuie luate, adica regulatoarele
de tensiune si de putere activa care trebuie ajustate, pentru
ca regimul sd devind cvasi-optim. Interfata cu utilizatorul
a modulului Tntai are urmatoarele optiuni (Figura 2):

and medium voltage), active and reactive power flow
(“d” and “i”), active and reactive longitudinal losses
and branch state; the database has one element for each
transformer.

e rez_glob(Pg, Qg, Pc, Qc, DP, DQ, Rnd) — the
result of the active and reactive power balance after
the power flow: active and reactive generated power,
active and reactive consumed power, transport efficiency;
unique element.

e data_file(d_file); the name of the database file;
unique element.

3.2. The knowledge base

The knowledge base is a text type file and its name has
the following form: <network_name>.KNW. The information
in this file is declared in the clauses section in the program.

The *.KNW file has 6 types of functors. Each of them
defines a list of data for the base regime. The functors are
the following:

® umaxnod (reallist),uminnod(reallist) for the
limits of voltage range;

e uoptnodh(reallist), optimal bus voltages for the
base H (high) regime;

e uoptnodl (reallist), optimal bus voltages for the
base L (low) regime;

e compensatoare (reglist)- reactive power compen-
sation equipment and their influence area;

® generatoare(reglist) - active power compensa-
tion equipment and their influence area;

Also, the knowledge base has:

e loadTotH (real) total active power consumption for
H regime;

e loadTotL (real) total active power consumption for
L regime;

® know_file(string) file name for the knowledge
base;

® date_gen_knw(string) compatibility key with the
database.

In the clauses section of DiagRED there are rules which
implements the diagnosis method presented in [10] as in
the following:

e rules for computing the fuzzy indexes for the bus
voltages, active and reactive consumed powers and the
power flow on the branches; also are rules to define
the global fuzzy indexes;

e rules for the global diagnosis;

e rules for determining the minimal target set of voltage
and reactive power controllers;

e general search and display information on screen rules.

4. User interface

The ES is made of two program units. The first one
(DiagRED unit 1) computes the values for the global and
local fuzzy indexes and the second one (DiagRED unit 2)
computed the global diagnosis and determines the measures
which must be taken, the voltage and active power con-
trollers which must be adjusted, in order to bring the system
to quasi-optimal state. The human interface of the first unit
has the following options (Figure 2):
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Diagnoza RED

————— Optiuni
Incarcare DATE
Listare DATE

Listare SCADA

Incarcare cunostinte
Listare cunostinte

Calcul Indicatori
Diagnoza regim

Informatii ajutor
Sistem de operare
Iesire

Selectati optiunea cu tastele sageti ¢

Figura 2. Meniul general al DiagRED modulul 1
Figure 2. Main meniu of DiagRED unit 1

e fncarcare date — incarca baza de date;
e Listare date — afiseaza pe ecran baza de date;
o Listare SCADA — afiseaza datele preluate de la SCADA;
e [ncdrcare cunostinte — incarca baza de cunostinte;
o Listare cunostinte — afigeaza pe ecran baza de cunostinte;
e Calcul indicatori — calculeaza si afiseaza indicatorii
fuzzy pentru fiecare marime electrica in parte;
¢ Diagnoza regim — calculeaza si afiseaza indicatorii fuzzy
pentru toate marimile electrice diagnosticate;
o Informatii ajutor — afiseaza fisierul de "help";
e Sistem de operare — iesire spre SO;
e Jesire —iesire din program.
Optiunea Calcul indicatori afiseaza urmatorul subme-
niu (Figura 3):
¢ Diagnoza P cons. — diagnoza puterilor active consumate;
¢ Diagnoza Q cons. —diagnoza puterilor reactive consumate;
¢ Diagnoza U nod — diagnoza tensiunilor din nodurile RED;
¢ Diagnoza LE — diagnoza circulatiilor de putere pe linii;
¢ Diagnoza TRAFO — diagnoza puterilor pe transformatoare;
o Indicatori fuzzy — realizeaza toate diagnozele de mai sus;
In urma activarii uneia dintre optiunile prezentate in
meniul Indicatori fuzzy, rezultatele sunt prezentate sub
forma de tabele. Tabelele cuprind valorile ferme ale mari-
milor analizate, calificativele acordate, valorile gradelor
de apartenenta la multimile fuzzy corespunzétoare.
Interfata cu utilizatorul a modulului al doilea al DiagRED
prezintd meniul principal cu urméatoarele optiuni (Figura 4):
o Incdrcare date — incarci baza de date;
e Listare date — afisare pe ecran a bazei de date;
e [ncdrcare cunostinte — incarca baza de cunostinte;
e Listare cunostinte — afisarea bazei de cunostinte;
e Diagnoza globala — calculul indicatorilor globali ai
regimului;

Diagnoza RED

Indicatori fuzz
[Diagnoza P consunata

Indicatori FUZZY

Selectati optiunea cu tastele sageti * (ESC - revenire)

Diagnoza RED

Optiuni
Incarcare date
Listare Indicatori

Incarcare cunostinte

Listare cunostinte

Diagnoza globala
Optimizare
Optimizare Pc

Informatii ajutor
Sistem de operare
Iesire

Selectati optiunea cu tastele sageti ¢

e Optimizare U — determina masurile de Tmbunatatire a
tensiunilor in noduri;

e Optimizare Pc — determind masurile de compensare a
puterilor active;

e Informatii ajutator — afiseaza fisierul "help;

o Sistem de operare — iesire spre SO;

e Jesire —iesire din program.

Figura 3. Submeniul Indicatori fuzzy — DiagRED
Figure 3. Indicatori fuzzy menu option— DiagRED

e Incarcare date — load the database;

e Listare date — display the database;

o Listare SCADA — display the SCADA recieved data;

e Incdrcare cunostinte —load the knowledge database;

o Listare cunostinte — display the knowledge base;

e Calcul indicatori — computes and displays the fuzzy
indexes for every electrical quantity;

¢ Diagnoza regim — computes and displays the fuzzy
indexes for every diagnosed electrical quantity;

e Informatii ajutor — help;

e Sistem de operare — exit to OS;

o Jesire — exit.

The Calcul indicatori option reveals the following menu

(Figure 3):
¢ Diagnoza P cons. — consumed active power diagnosis;
¢ Diagnoza Q cons. — consumed reactive power diagnosis;
¢ Diagnoza U nod — bus voltage diagnosis;
¢ Diagnoza LE — branch powerflow diagnosis;
¢ Diagnoza TRAFO — transformer powerflow diagnosis;
e Indicatori fuzzy — all the above diagnoses;

After selecting one of the above options, the results
are displayed as tables. They consist of firm values for the
analyzed electrical quantities, the given qualifier, the values
for the belonging degrees to the corresponding fuzzy sets.

The human interface of the second unit has the following
options (Figure 4):

e Incércare date — load database;

e Listare date — display database;

e [ncdrcare cunostinte — load knowledge base;

e Listare cunostinfe — display the knowledge base;

e Diagnoza globald — compute the global indexes for the
regime;

Figura 4. Meniul general al DiagRED modulul 2
Figure 4. Main menu of DiagRED unit 2

e Optimizare U — determins the measures to improve the
buses voltages;

e Optimizare Pc — determines the measure to compensate
the reacitve power;

o Informatii ajutator — help;

o Sistem de operare — exit to OS;

o Jesire — exit.
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5. Diagnoza RED test cu 13 noduri

In acest paragraf se prezinta diagnoza unui regim oare-
care al RED test cu 13 de noduri [11]. Schema RED test este
prezentata in figura 5 iar datele complete ale retelei si ale
regimului analizat sunt prezentate in [9]. Pentru simularea
RED s-a folosit Powerworld 8.0. Regimurile de baza maxim
si minim folosite pentru calcularea indicatorilor fuzzy ai
madrimilor electrice de interes sunt prezentate 1n [9].

Aplicand DiagRED pentru regimul oarecare au fost
obtinute rezultatele prezentate in figurile de mai jos.

In figura 6 se observa ca sunt identificate cu ajutorul
indicatorilor fuzzy puterile active consumate care au valori
neasteptat de mari.

In figura 7 sunt prezentati indicatorii fuzzy pentru tensiu-
nile nodale. Se observa ca 2 dintre ele au depasit limita inferi-
oard a benzii admisibile iar 4 sunt In partea inferioard a benzii
admisibile. Ca urmare regimul trebuie cat mai urgent adus in
limitele admisibile din punctul de vedere al tensiunilor nodale.

19.896 kv 19.726 k¥

5. EDS diagnosis for 13 bus test system

In this section, the authors present the diagnosis for a
13 bus test system [11]. The EDS is presented in Figure 5 and
the complete data for the analyzed network and regime are
presented in [9]. Simulations were made using Powerworld
8.0 software. The minim and maxim regime used to compute
the fuzzy indexes are presented in [9].

The results obtained applying DiagRED for one usual
regime are presented and analyzed below.

In Figure 6 can be noticed the unexpected high values
of consumed active power which were identified using the
fuzzy indexes.

In figure 7 are presented the values of fuzzy indexes for
bus voltages. It is easy to notice that two of them have over-
come the inferior limit of the admissible range and four of
them are in the lower area of the admissible range. So, the
system state must be corrected and brought as soon as pos-
sible between the admissible limits concerning bus voltages.
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Figura 5. RED test cu 13 noduri — regim initial
Figure 5. 13 bus EDS — initial regime
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Figura 7. Indicatori fuzzy pentru tensiunile nodale
Figure 7. Bus voltages fuzzy indexes
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Figura 9. Diagnoza globala
Figure 9. Global diagnosis
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In figura 8 sunt prezentate rezultatele diagnozei circu-
latiilor pe laturile tip linie electricd. O singura linie electrica
este Tncarcatd spre maxim, fard a depdsi aceastd limita,
celelalte neavand probleme de Incarcare.

Figura 9 prezintd diagnoza globald pentru mdarimile
electrice urmdrite. Se poate concluziona ca existd probleme
”zonale” cu valorile tensiunilor nodale si la fel si cu circu-
latiile pe laturile RED. Nivelul puterilor consumate, activa
si reactiva este “foarte ridicat”.

In figurile 10 si 11 sunt prezentate rezultatele proceselor
de determinare a multimilor {intd minime pentru reglarea
tensiunilor si puterilor active consumate.

Diagnioza RED

In figure 8 are presented the result for the branch power
flow diagnosis. Only one power line is almost overloaded,
the other are not presenting loading problems.

Figure 9 presents the global diagnosis for the desired
electrical quantities. It is ok to conclude that are ,,zonal”
issues regarding bus voltages and branch power flow. Also,
the level of consumed active and reactive power is ,,very
high”.

In Figure 9 and Figure 10 are presented the result of
the processes wih returns the minimal target sets in order
to adjust the voltages and the consumed active power.
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Figura 10. Optimizarea valorilor tensiunilor nodale
Figure 10. Optimizing the values of bus voltages

In cazul tensiunilor sunt identificate 3 noduri regulatoare
(3, 6 51 12), din cele 4 care pot fi alese (3, 4, 6, 12). Nodurile
3 si 4 sunt secundarele transformatoarelor coboratoare din
statiile electrice care alimenteaza RED iar in nodurile 6 si 12 se
afla mijloace pentru compensarea puterii reactive. Rezultatul
diagnozei precizeaza valorile de corectie necesar a fi realizate
pentru fiecare regulator 1n parte. Regimul fiind unul foarte
incarcat se observa ca sunt necesare corectii pozitive adica
ridicarea tensiunilor in vederea aducerii lor in banda optima.

In cazul diagnozei puterilor active consumate se iden-
tifica nodurile cu consumuri neconforme, adica nodurile
6, 9, 10, 13 si lista de regulatoare de putere activa care
trebuie sa aduca regimul la unul cvasioptim, adica regula-
toarele 6, 9, 13. Valorile de corectie calculate pentru fiecare
regulator de putere activa tin cont de deficitul de putere ge-
nerata pentru intreaga zona de influentd a fiecarui regulator.
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Figura 11. Optimizarea valorilor puterilor consumate
Figure 11. Optimizing the consumed power values

Considering the voltages, 3 adjustable buses are iden-
tified (3, 6 and 12) from the whole four possibilities (3, 4, 6,
12). Buses number 3 and 4 are the transformer secondaries
from the power susbstations which supply the EDS and in
bus 6 and 12 have means for reactive power compensation.
The diagnosis result gives the necessary correction values
for each controller. The analyzed regime, being a high load
regime, determines positive corrections to be made, meaning
increasing the voltages to bring them into the optimal range.

Considering the active power diagnosis, the problematic
buses are identified (6, 9, 10, 13) and also the list of active
power controllers (6, 9, 13) which will bring the system to
quasi-optimal regime. The correction values computed for
each active power controller considers the generated power
deficit for the entire influence area of each controller.
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Figura 12. RED cu 13 noduri — optimizat
Figure 12. Optimized 13 bus EDS
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Dupa aplicarea masurilor de optimizare a regimului suge-
rate de DiagRED, atét pentru tensiuni cat si pentru puterile
active generate se obtine regimul din figura 12. Se pot observa
“repararea” marimilor neconforme atat tensiuni nodale (nodu-
rile 12, 11, 10,9, 6 51 5) cat si a puterilor consumate Tn noduri
(13, 10, 9 51 6). Desigur cd orice regim se poate optimiza Tn
limita mijloacelor de reglaj tensiune si putere activa de care
se dispune. Avantajul utilizarii DiagRED este minimizarea
actiunilor de reglaj pentru “repararea’” unui regim.

La o noua rulare a DiagRED, pentru indicatorii fuzzy ai
tensiunilor nodale se obtin calificative cvasioptime. in conclu-
zie regimul a fost imbunatatit astfel incat de la un regim de
alarma, cu depasiri de limite, a rezultat un regim cvasioptim.

6. Concluzii

Sistemul DiagRED descris 1n aceastd lucrare este un
sistem expert pentru diagnoza regimurilor stationare ale
RED. Construit in limbajul Prolog, DiagRED prezinta o
serie de avantaje: asistarea operatorilor de sistem, rapiditate,
flexibilitate si transparentd. El actioneaza ca un expert uman
realizand judecdti corecte cu privire la regimul stationar al
RED. Interfata sa este foarte simpla si prietenoasa.

Regulile de diagnoza utilizate sunt complexe dar foarte
logice, continind consideratii economice, tehnice si euristice.

Diagnoza realizata de DiagRED porneste de la efectele
observate ca si simptome (valori ale tensiunilor si puterilor
injectate neoptime) si ajunge la cauze, care sunt de fapt masurile
de reparare aplicate regulatoarelor de tensiune i putere activa.
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After applying the DiagRED suggested optimization
measures, for the voltages and the generated active powers,
the regime presented in Figure 12 is obtained. It is easy to
observe the “solving” of the electric quantities which were
problematic, both the voltages (5, 6, 9, 10, 11, 12) and the
powers (6, 9, 10, 13). Of course that every regime can be
optimized between the limits of the available voltage and
power adjustment means. The advantage of using DiagRED
is minimization the adjustment actions to “fix” a regime.

Running again the DiagRED diagnosis, the fuzzy
indexes of the voltages have quasi-optimal qualifiers. In
conclusion, the regime has been improved from a regime
in alarm state to a quasi-optimal one.

6. Conclusion

The DiagRED ES described in this paper diagnoses
the stationary regimes of EDS. Built in Prolog, DiagRED
present a series of advantages: assisting the human opera-
tors, quickness, flexibility and transparency. It acts like a
human expert determining correct judgments regarding the
steady state of EDS. Its interface is very simple and friendly.

The diagnosis rules used are very complex but also logical,
considering economical, technical and heuristic information.

The diagnosis resulted using DiagRED starts from the
observed effects — considered symptoms (non-optimal
voltages and injected powers) and leads to causes, which
are in fact the adjustments which must be applied to the
active power and voltage controllers.
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