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Introducere

Cercetarea intreprinsd prin prezenta teza de doctorat a avut drept scop tratarea unor
probleme specifice sistemului de distributie a energiei electrice, respectiv transformarea
digitala a retelei de distributiei dar si optimizarea ei in conceptul de retea electrica inteligenta.

In primul capitol am prezentat aspectele teoretice legate de optimizarea retelelor de
distributie, analizand diferite aspecte teoretice in legatura cu tematica lucrarii.

Tn cel de-al doilea capitol am analizat sistemele de monitorizare utilizate in retele
electrice de distributie a energiei electrice. Am subliniat importanta conceptului “Smart Grid”
in retelele electrice dar si modalitati noi de conducere a retelelor electrice de distributie,
prezentand inclusiv echipamentele de achizitie de date utilizate la monitorizarea retelei.

In capitolul 3 al lucrarii, am prezentat diverse metode utilizate pentru tratarea neutrului
in retelele electrice din tara noastrd si am analizat diferite aspecte teoretice in legatura cu
tematica lucrarii. Am prezentat principalele caracteristici ale modurilor de tratare a neutrului
retelelor de MT accentuand tratarea neutrului prin sistem Petersen (compensat). Astfel intr-o
retea electrica cu neutru compensat, la un defect cu pamantul pe o linie, face in primul rand sa
circule in punctul de defect un curent inductiv care compenseaza curentul capacitiv de punere
la pamant al fazelor fard defect astfel incat arcul electric produs la locul de defect sa nu
persiste, iar 1n al doilea rand daca defectul persista prin intermediul rezistentei este identificata
si deconectatd linia cu defect. Aceastd metodologie de compensare a retelei  este
implementata prin sistemul de control al neutrului care regleza in mod automat gradul de
acord dintre bobina de stingere si capacitatea homopolara a retelei MT la care este legat. In
capitolul trei am prezentat s1 masuratorile efectuate in reteaua reala de MT.

In cel de-al 4-lea capitol am analizat metodele de masurare si control pentru
optimizarea sitemului de distrubutie a energiei electrice. Am detaliat din punct de vedere
teoretic principalele tipuri de protectii utilizate in retelele electrice de distributie care
contribuie aldturi de modul de tratare a neutrului la eliminarea defectului Intr-un timp scurt si
la separarea electricd a linie cu defect.

Capitolul 5 este dedicat analizei noilor tehnologii inteligente utilizate in retelele de MT
si JT. In acest sens, acest capitol contine mai multe subpuncte, fiecare dispunand de o parte
teoretica pentru noile tehnologii utilizate, fiind insotite si de exemple. Mai mult decat atat,

eqe v,

comparativ diverse tehnologii.



Tinand seama de importanta transformatoarele de putere si a sistemelor de tratare a
neutrului care afecteazd stabilitatea sistemului, in Capitolul 6 am analizat importanta
masurarii rezistentei de izolare. Din cauza mediului unde sunt montate echipamentele pot
apdrea deficiente in functionarea lor; masurarea rezistentei de izolatie permite luarea deciziei
ca echipamentele respective sunt in buna stare de functionare. Sunt furnizate informatii despre
starea momentand a izolatiei permitand astfel punerea in functiune a echipamentelor in
conditiile in care izolantul functioneaza corespunzator. Verificarea echipamentelor primare
din retelele electrice constituie astfel o prima garantie de functionare sigura.

Tn capitolul 7 am prezentat simulirile efectuate in reteaua electrica de MT. Reteaua
electrica de modelat am realizat-o cu ajutorul aplicatiei Simulink n asa fel Tncat sa se poata
compara cazul In care neutrul transformatorului se leaga direct la pamant, cazul in care se
leaga printr-o rezistentd sau prin sistem Petersen (bobina de stingere 1n paralel cu rezistenta).
Pentru aceasta am utilizat patru intreruptoare ideale, comandate dintr-un bloc generator de
semnal. Generatorul de semnal comanda si momentul in care apare defectul monofazat. Am
urmarit prin aceasta simulare urmatoarele obiective:

» stabilitatea sistemului trifazat in prezenta unui defect monofazat in functie de modul
de tratare a neutrului;
* limitarea curentului de defect si a supratensiunilor in reteau electrica;
+ stabilirea unui mod de tratare a retelei electrice cu impact redus fata de regimul
sinusoidal permanent de functionare.
In anexe sunt prezentate consideratii referitoare la curentul capacitiv retea de distributie MT,
caracteristici tehnice ale contoarelor inteligente, ale transformatoarelor de curent pentru bilang
si ale concentratoarelor, caracteristici tehnice sistemul de testare Meger Trax 280, verificarea
rezistentei de izolatie, caracteristicile sistemului Petersen, calitatea serviciului de distributie
precum si calculul curentilor de scutcircuit si optimizarea pierderilor in reteaua de MT. Din
analiza rezultatelor realizate in Simulink, am constatat cd intensitatea curentului de
scurtcircuit este mult redusa in cazul utilizarii sistemului Petersen. Utilizarea tratarii neutrului
prin sistem Petersen reduce semnificativ valorile tensiunilor si curentilor in timpul defectelor
de punere la pdmant. Prin urmare, scopul urmarit este si va fi:
* reducerea numadrului si a duratei Intreruperilor;
» cresterea gradului de siguranta in functionarea instalatiilor;
» cresterea calitatii serviciului oferit clientilor.

Cu noile solutii prezentate, rezulta urmatoarele avantaje:



+ stabilitatea sistemului trifazat;

» conducerea operativa a retelei de distributie (reducerea / lichidarea avariilor, circulatia
puterilor, functionarii ale protectiilor) in timp real,

» reducerea duratelor de nealimentare a consumatorilor;

» reducerea cantitatii de energie electricd nelivrata;

» reducerea riscurilor de manevrare gresita a echipamentelor de comutatie;

* reducerea costurilor de interventie pentru lichidarea avariilor;

» gestionarea producatorilor de energie electrica racordati la reteaua de MT.

1 DEZVOLTAREA RETELELOR ELECTRICE DE DISTRIBUTIE

Sistemele de energie electrica suferd o transformare radicala prin integrarea surselor
regenerabile de energie descentralizate, a consumatorilor iar solutiile de stocare/evacuare a
energiel electrice necesita sisteme mai flexibile. Ca parti integrante ale retelelor electrice,
statiile de transformare reprezinta in esenta inima acestor sisteme de alimentare. Cand vine
vorba de automatizare, monitorizare si protectie a unei statii, tehnologia digital poate fi
aplicatd cu efecte semnificative. Dezvoltarea retelei de distributie de Inalta Tensiune (IT) a
Operatorului de Distributie (OD) este corelatd cu dezvoltarea Sistemului Energetic National
(SEN) care face parte din Operatorul de Transport ,, Transelectrica” ca efect a interactiunii
stranse existente intre reteaua de IT a OD si Transelectrica. Este necesar pe baza dezvoltarii
economice s§i a previziunii de crestere a consumului de energie electrica, a stabilitatii
sistemului energetic prin conectarea de noi statii asigurdnd astfel continuitatea si calitatea
serviciului de distributie cu energie electrici. in dezvoltarea retelei de distributie de Medie
Tensiune (MT) trebuie sa se tina cont de urmatorii factori:

« calitatea energiei electrice furnizate;

* noile cereri de racordare din partea clientilor dar si din partea producatorilor de energie

electrica;

» optimizarea retelelor de distributie existente;

» analiza datelor referitoare la lipsa continuitatii in alimentarea cu energie electrica.
Pornind de la actuala configuratie a retelei de distributie de IT si MT optimizarea retelelor va
urmari:

+ folosirea unui numar mai mare de statii electrice cu posibilitate de rezervare si prin

liniile de MT;

» introducerea SCADA (Monitorizare, Control si Achizitii de Date) in statiile de

transformare si de-a lungul liniilor de MT,;



introducerea unui nou mod de tratare a neutrului in retelele de MT;
introducerea automatizarilor de-al lungul liniilor de MT;

introducerea de tehnologii inteligente in reteaua de Joasa Tensiune (JT).

2 SISTEME MODERNE DE CONDUCERE A RETELELOR
ELECTRICE DE DISTRIBUTIE

Elementele componente ale unei retele electrice de distributie cat si tehnologia

informatiilor si comunicatiilor care ajutd la functionarea optima a respectivei retele au dat

nastere unui nou concept si anume acela de “Smart Grid”, sau in traducere, retea inteligenta.

Dezvoltarea conceptului de “Smart Grid” va permite:

utilizarea de noi tehnologii pentru cresterea eficientei serviciului de distributie cu
energie electrica,
realizarea de noi facilitatii, noi beneficii ale clientilor, cu respectarea calitatii energiei
electrice livrate;
dezvoltarea sistemelor de comunicatii pentru a obtine informatii in timp real a
evenimentelor din reteaua de distributic si adoptarea de masuri pentru limitarea

efectelor 1n pierderea serviciului de distributie.

“Smart Grid” este o retea electrica 1n care se poate integra eficient atat producatorii de

energie, Operatorul de Transport, Operatorii de Distributie cat si clientul, pentru a asigura

eficienta economica a sistemelor de producere, transport, distributie si consum cu energie

electrica cu pierderi reduse si siguranta in functionare, cu respectarea standardelor de calitate

a energiei electrice. Conceptul de “Smart Grid” la nivelul retelei de distributiei cu energie

electrica poate fi asociata cu tehnologii de automatizare cum ar fi:

monitorizarea si controlul echipamentelor primare din statii, posturi de transformare,
puncte de alimentare, puncte de conexiune (sistemele SCADA);

automatizari locale ale echipamentelor primare, functionari de tip Anclansarea
Automata a Rezevei (AAR) de pe sursele locale de alimentare cu energie electrica,
izolarea tronsoanelor cu defecte;

monitorizarea si controlul resurselor de energie distribuite;

aplicatii pentru gestionarea ncarcarilor pe liniile electrice.

Prin “Smart Grid” exista posibilitatea interventiei si la clienti pentru ca necesarul de energie

electrica sd corespunda in orice moment productiei de energie electrica, existand un control

real al clientilor, al energiei electrice utilizatd. Un atu important la acest lucru il au si



sistemele de telecomunicatii care ajutd la utilizarea eficienta a energiei electrice prin

gestionarea informatiilor dintre producere si cerintele clientului. Principalele caracteristici ale
sistemului SCADA sunt:

gestiunea si monitorizarea retelei electrice (avarii, revizii tehnice, introducerea de noi
clienti);
suportul pentru a garanta calitatea si continuitatea serviciului electric;

gestiunea informatizata a tuturor activitagilor legate de reteaua electrica.

Figura 2. 1 - Statie de transformare telecontrolata

Sistemul SCADA este 0 structura hardware si software care trebuie sa cuprinda :

un centru operativ (Centrul de Telecontrol) la nivel de unitate teritoriala, dotat cu un
anumit numar de statii operative, imprimante si o sala de conexiune care confine
unitati de procesare si telecomunicati;

terminale de telecontrol (RTU) pentru statii electrice, instalate in statiile de
transforamare IT/MT si utilizate la transmiterea in centrul operativ al informatiilor din
teren (semnale, alarme, masurari, stari ale echipamentelor primare) si la executarea
comenzilor transmise de la centrul operativ;

RTU pentru reteaua de MT, instalate in puncte de alimentare, puncte de conexiune,
separatoare de stélp, posturi de transformare si utilizate la transmiterea, in centrul
operativ al informatiilor din teren (semnale, alarme, stari ale echipamentelor primare)

si la executarea comenzilor transmise de la centrul operativ.

Sistemul SCADA recunoaste starile de functionare necorespunzatoare ale echipamentelor din

retelele electrice (suprasarcini, nivele de tensiune in afara limitelor, actionarea sistemelor de

9



protectie si automatizari, modificarea nedorita a starii intreruptoarelor si separatoarelor, etc. )
si avertizeaza optic si acustic asupra celor intamplate realizand astfel functia de informare. in
scopul optimizarii functionarii retelelor electrice se inregistreaza circulatia de puteri. Aceste
informatii sunt folosite la 0 mai buna planificare a regimurilor de functionare a retelei precum

si la reglarea tensiunii transformatoarelor din sistemul energetic.

3 REGIMURI DE FUNCTIONARE ALE RETELELOR
ELECTRICE DE DISTRIBUTIE DE MEDIE TENSIUNE

Prin regimul de functionare al unei retele electrice se intelege starea actuala a retelei
caracterizatd de calitatea energiei electrice si de continuitatea alimentérii cu energie electrica.
Calculul regimurilor de functionare este de importanta majora deorece cunoscand sarcina pe
care o transporta reteaua si caracteristicile de material ale conductoarelor si transformatoarelor
aferente trebuie sia se asigure parametrii de calitate ai energiei furnizate indiferent de
configuratia retelei. In exploatarea normala in regim sinusoidal simetric al retelei electrice,
modul de legare la pamant a neutrului nu are influentd asupra potentialului acestuia care
rezultd egal cu cel al pamantului. Modul de tratare al neutrului influenteaza insa in mod
semnificativ valorile tensiunilor si ale curentilor in caz de functionari asimetrice si in special
in timpul defectelor de punere la pamant. De modul cum este tratat neutrul depinde forma de
manifestare a acestui fenomen, comportarea retelelor electrice 1in perioada cat dureaza
defectul, consecintele asupra instalatiilor energetice, cat si asupra alimentarii cu energie
electricd a consumatorilor. In timp ce la retelele de transport de 1T si la retelele de distributie
IT si JT este aproape generalizati folosirea neutrului legat direct la pimant -
supradimensionarea izolatiei transformatorului ar fi prea costisitoare in retelele de IT; iar la
nivelu de JT, neutrul se leaga la pamant din motive de protectie a personalului dar si pentru
protectia receptoarelor monofazate - Insa in retelele electrice de MT nu existd o solutie unica
in alegerea stirii neutrului. In ciuda unei scheme generale de protectie comune utilizata in
retelele de distributie, care poate fi extrapolata in majoritatea tarilor, pot fi observate unele
diferente generale. lata principalele teme care pot genera diferente intre practicile fiecarei tari:

» functiile dezvoltate in cadrul schemei de protectie: de exemplu, unele tari permit
functionarea 1n functie de curentul de defect, in timp ce altele prefera sa elimine orice
defectiune din reteaua de distributie;

« modul de tratare al neutrului (legat direct la pamant, izolat, tratat prin rezistenta,

compensat);
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» structura retelei (buclata sau radiald);

* legislatie nationala de reglementare;

« nivelul de tensiune utilizat de OD;

+ tipurile de protectie utilizate in reteaua de distributie

» configuratiile functiilor de protectie (praguri, temporizari ), care depind de

reglementarile tehnice in viguare din tara respectiva.

Tabel 3.1- Modul de tratare a neutrului in refeua de MT pe plan international

Tara/Regiune Neutrul legat Neutrul legat la Neutrul legat la Neutrul
direct la pamant prin pamant prin Sistem izolat
pamant rezistenta Petersen

ITALIA X X
FRANTA X X
GERMANIA X
SPANIA X X X X
PORTUGALIA X
AUSTRIA X
BELGIA X
SUEDIA X
FINLANDA X X
MAREA X
BRITANIE
IRLANDA X
RUSIA X
EUROPA DE X
EST
AUSTRALIA X
SUA SI X
CANADA
CHINA X X X
ISRAEL X
ROMANIA X X X

Joint Working Group B5/C6.26/CIRED, Protection of Distribution Systems with Distributed

Energy Resources, Austria, 2015, pp 23
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Conform normativelor in vigoare, daca curentul capacitiv de punere la pamant al retelei
electrice legate galvanic are o valoare mai mare de 10A, se impune tratarea neutrului retelelor
electrice. Daca neutrul este legat prin intermediul unor impedante la un electrod de legare la
pamant de rezistenta joasa se spune ca neutrul este legat “direct la pamant”; daca in schimb nu
existd conexiuni intentionate intre neutru si pamant este vorba de “ neutru izolat”. Solutiile
intermediare prevad inserarea Intre neutru si pamant a unor impedante inductive, rezistive sau

inductiv-rezistive.

3.1 PRINCIPII DE TRATARE ANEUTRULUI MT LEGAT LA
PAMANT PRIN SISTEM PETERSEN (NEUTRU
COMPENSAT)

Retelele compensate au castigat popularitate In ultimii ani in retelele de distributie. Acest
lucru se datoreaza in principal atentiei sporite asupra fiabilitatii oferite. Numarul de defectiuni
s-a redus semnificativ si, astfel, cheltuielile de intretinere pentru serviciul de distributie a
energieie electrice pot fi diminuate. Tratarea neutrului in retelele electrice de distributie prin
montarea sistemului Petersen (bobind de stingere in paralel cu rezistentd) Tntre neutrul
transformatorului si pamant, la un defect cu pamantul pe o line, face in primul rand sa circule
in punctul de defect un curent inductiv care compenseaza curentul capacitiv de punere la
pamant al fazelor sanatoase astfel incat arcul electric produs la locul de defect sa nu persiste,
iar In al doilea rand daca defectul persista prin intermediul rezistentei este identificata si
deconectata linia cu defect. Tratarea neutrului MT prin intermediul sistemului Petersen
(bobina de stingere in paralel cu rezistenta), denumita in general tratare cu neutru compensat,
este prezentat figura urmatoare:

Figura 3.1 - Refea de MT cu neutru compensat
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Pe durata defectului monofazat la pamant, impedanta de legare la pamant a neutrului este
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traversata de:
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+ 0 componenti inductivd de curent I la 90° Tnaintea tensiunii neutrului Un (-Ur);

* 0 componenta rezistiva de curent Ir opusa fata de tensiunea neutrului Un (-UR).
Curentul I_ este in opozitie de faza fati de curentul capacitiv Ic (cu 90° in fatd) care se creeazi
datoritd capacitatilor retelei, si deci are tendinta de a 1l ,,compensa”. Se vorbeste de

=9

,compensare exactd” atunci cand curentul I este egal si opus curentului de defect aferent
cazului cu neutru izolat (deci egal cu Ic); reteaua este consideratd subcompensata sau
supracompensata, respectiv cand curentul I este inferior sau superior curentului de defect mai
sus mentionat.

Figura 3.2 - Diagrama vectoriala cu neutru compensat

U.. U.. U.

=N =N =N
L Ii- Ic -
I I Ic b vk I L I
N - g »
l\ Ldefect ‘/1 l
& ldm £t b R=lgetoer
RETEA SUBCOMPENSATA RETEA SUPRACOMPENSATA RETEA COMPENSATA EXACT

Gradul de compensare este definit de expresia:

I
__Lo
c= T % (3.1)
C
Cum exploatarea retelei este de asemenea naturd incat sa permitd o compensare aproape de

100%, se poate afirma, In general, ca tratarea cu neutru compensat permite reducerea valorii
curentului de punere la pamant. Acest efect reprezinta unul dintre principalele avantaje ale
acestei modalitati de legare la pamant. In general, modalitatea de exploatare a retelei electrice
cu neutrului compensat permite, fatd de cea cu neutru izolat, sa se indeplineasca urmatoarele
obiective:

 limitarea curentului de punere la pamant favorizand, in acelasi timp, dimensionarea

instalatiilor de legare la pamant a posturilor de transformare MT/JT,;
+ reducerea riscurilor de aparitie a arcului electric intermitent;
» cresterea probabilitatii de autostingere a defectelor monofazate, evitand deconectarea

intrerupatorului liniei.

3.2 PRINCIPII DE TRATARE ANEUTRULUI MT LEGAT LA
PAMANT PRIN REZISTENTA
Tratarea neutrului MT legat la padmant prin intermediul unei rezistente este o modalitate

care a fost utilizata frecvent in retelele MT de distributie din Romania, cu dimensionari ale

13



rezistentei care reducea curentii de punere la pamant la valori predefinite (ex. 300 A, 600 A,
1000 A, etc.). Principiul de functionare in cazul tratarii neutrului retelei de M T prin rezistenta
poate sa fie vazut ca un caz special al neutrului compensat in care, pe durata defectelor cu
pamantul, se manifestd in retea o componenti Ir de curent in oOpozitic cu tensiunca
homopolara. Solutia rezulta clar a fi mai simpla si economica fatd de compensarea cu bobina
de stingere. Prin tratarea cu rezistentd nu s-a realizat o scadere a curentului de defect care este
tipica pentru neutrul compensat totusi, se pot reduce supratensiunile tranzitorii si fenomenele
de arc electric intermitent.

Figura 3.3 - Diagrama vectoriala

cu neutru legat la pamant prin rezistenfd.
U,
A

h 2

)

ldefect

3.1 ANALIZA COMPARATIVA INTRE DIFERITELE
MODALITATI DE TRATARE A NEUTRULUI MT

Supratensiunile in retelele MT, ca urmare a unei defect homopolar, le includ atat pe cele
care se manifesta pe fazele sanatoase la aparifia fenomenului, cat si pe cele de pe faza cu
defect la eliminarea defectului, prin autostingerea arcului sau prin declansarea liniei ca urmare
a interventiei protectiilor.

Figura 3.4 - Efectul tratarii neutrului intr-o refea MT
asupra supratensiunilor

40 -
«v n / e
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30 Y Neutru legat la pamant
I\ prin rezistenta
20 -
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0-
Neutru compensat
10| ¢y bobina + rezistenta
-20 Neutru compensat \ 1/ \ {
doar cu bobina U vJ
-30 T T T 1 T T
0,65 0,69 0,73 0,77 0,81 [s] 085
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Se evidentiaza ca bobina de stingere are efect de atenuare a tensiunii. Tratarea neutrului prin
sistem Petersen limiteazd supratensiunile provocate de arcul electric intermitent care duce
astfel la reducerea numarului de defecte de izolatie si deci la reducerea numarului de defecte

polifazate.

3.1.1 Expresii ale marimilor de retea in timpul defectului homopolar

Tratarea neutrului cu bobina de stingere este unul dintre cele mai importante moduri
de Tmbunatatire a calitatii tensiunii in retelele electrice. Principalul avantaj al acestei tratari
este capacitatea de a continua sd functioneze reteaua in timpul unei puneri la pamant a unei
faze. Retelele electrice de MT trebuie compensate pe cat posibil, astfel Tncat doar curentul
rezidual sa circule prin locul de defect atunci cand apare o punere la pimant. In trecut, singura
variabild controlatd care a fost utilizatd pentru a regla o bobinad a fost valoarea absoluta a
tensiunii de secventa zero Uno, care nu intotdeauna obtinea rezultatul dorit. Aceasta tensiune
este utilizatd pentru a declansa detectarea defectiunilor monofazate in retele cu neutru
compensat, precum si cele izolate. Cresterea liniilor electrice a echilibrat retelele si a redus
tensiunea de secventa zero. Insa, incircarea dezechilibrati a retelei poate afecta in continuare
tensiunea de secventei zero si o poate face sa varieze. Acesta este motivul pentru care trebuie

folosite si alte tehnici pentru pentru a pastra calitatea tensiunii in retelele electrice.

Figura 3. 5 - Circuitul Thevenin echivalent cu neutrul tratat
prin sistemul Petersen

Lyt Ry 1('*_1|.
— l[.u_ 1 IH_J_: 1[. ! [tl
B ' y <

Florin D. Andrei, Valentin Dogaru Ulieru, loan C. Salisteanu, Otilia Nedelcu, Bogdan Salisteanu,
Neutral point treatment in the medium voltage distribution networks,
International Multidisciplinary Scientific GeoConference, 2019, Bulgaria, pp 348.
Daca neglijam impedanta bobinei iar punerea la pamant este neta, rezistenta defectului fiind

neglijata (Rf=0), atunci intensitatea curentului de defect in sistemul de tratare cu rezistenta

este:

ldef=1R+1c:R£+j~3~a)-co.g (3. 2)

e

15



Tensiunile fazelor fard defect :
UA = UB = ’\/§Uf (3 3)

lar tensiunea de deplasarea a punctului neutru este:
Uv=IrR: (3. 4)

Acum revenind la sistemul de tratare cu bobina de stingere si resistor iar punerea la pamant
este netd, rezistenta defectului fiind neglijata (Rf=0), curentul capacitiv de punere la pamant
se obtine din curentul capacitiv al fazei defecte, din curentul indus de bobind, dar si de

curentul rezistiv:

les = ln+lro+1t+1c (3.5

Valoarea curentului capacitiv este egal cu:

unde: E - tensiunea de faza;
Xc - reactanta capacitiva
o - pulsatia
Valoarea curentului indus de bobina este data de urmatoarea relatie:

L=E-

E
oL (3.7

=

Atunci curentul capacitiv de punere la pamant devine:

(Ru+Ro)E
RL-Ro

ldef =

+j-(3a)Co—i]E (3.8)
ol

Daca gradul de compensare ¢ egal cu 1, adica I egal Ic, obtinem urmatoarea relatie:

1

L=—
30C

(3. 9)

unde L este valoarea careia i se va acorda inductantei. In cazul unei sub-compensiri egale
cu 95%, se obtine:
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1

L=———~ 3.10
3:0.95-»C ( )

Conditia de reglare a bobinei se realizeaza atunci cand:

1
3wCo———=0
o=~ (3. 11)

In cazul compensarii complete, curentului de defect ramane doar cu componenta rezistiva:

(Ru+Ro)E

3.12
RL-Ro ( )

Laet =

4 DISPOZITIVE DE MASURARE SI CONTROL IN RETELELE
ELECTRICE DE MT

Rezultatele marimilor masurate sunt utilizate in tot mai multe aplicatii atat pentru

asigurarea unui serviciu de distributie de calitate cat si o garantie a utilizatorului. Valorile

masurate si inregistrarile aparatelor de masura permit sa se efectueze o serie de operatii

precum:

conectarea si deconectarea liniilor in paralel cu reteaua sistemului electric;

controlul repartitiei puterii active si reactive pe liniile de transport si de distributie;
controlul sarcinii linilor electrice, in scopul prevenirii regimurilor anormale de
functionare, datorita suprasarcinilor;

controlul calitatii energiei electrice (frecventa, tensiune);

evidenta energie electrice;

transmiterea valorilor unor aparate din statii de transformare, puncte de alimentare

catre centrele de dispecer.
4.1 Protectia impotriva scurtcircuitelor polifazate Cod ANSI 50 - 51

Protectia impotriva scurtcircuitelor polifazate este cea mai raspanditd protectie in

retelele de distributie fiind utilizata la aproape toate niveluri de tensiune. Protectia permite

identificarea defectiunilor de faza din cauza supraincarcarii sau a scurtcircuitelor. Metodele

tipice de interventie pot fi instantanee numita protectie maximala de curent rapida (cod 50)

sau temporizata numita protectie maximala de curent temporizata (cod 51).
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4.2 Protectia homopolari de curent Cod ANSI 51N

Aceastad protectie este constituitd dintr-o protectie maximald de curent alimentatd de
curentul homopolar a liniei protejate prin intermediul unui filtru de curent de secventa
homopolara, realizat fie prin montajul Holmgreen a trei transformatoare de curent, fie cu un

transformator inelar (toroidal).

4.3 PROTECTIA MAXIMALA SI MINIMALA DE TENSIUNE
Codurile ANSI 59 si 27

Protectia maximal de tensiune se utilizeaza pentru protejarea echipamentelor impotriva
deteriorarii izolatiei ca urmare a cresterii tensiunii. Protectia de minima tensiune detecteaza
starile de functionare cu tensiune scazuta care pot conduce la pierderea stabilitatii functionarii
echipamentelor electronice. Modul de interventie a protectiilor poate fi instantanee sau
temporizata. ESte posibil sd fie combionate ambele protectii la minima tensiune sau la
maxima tensiune (protectie cu codul 27-59) astfel obtinandu-se mentinerea tensiunii ntr-un
interval stabilit. Un exemplu tipic de aplicarea acestui tip de protectic este cea a

autoproducatorilor conectati la retea care trebuie sa fie protejati.

4.4 PROTECTIA DIFERENTIALA Codul ANSI 87

Protectia diferentiala se foloseste pentru a proteja un element de retea Tmpotriva

defectelor interne care trebuie eliminate intr-un timp foarte scurt prin compararea curentilor.

4.5 PROTECTIA DIRECTIONALA SI HOMOPOLARA
DIRECTIONALA Codul ANSI 67, 67N
Protectia ofera informatii despre pozitia unei marimi vectoriale in comparatie cu alta
care este luata drept referintd. Comparatia se face pe unghiul de defazaj intre vectorii de
curent si tensiunile madsurate; prin urmare, protectia directionald necesitd doud marimi: o

tensiune si un curent.

5 TEHNOLOGII INTELIGENTE iN RETELELE DE MT SI JT

Functionarea in reteau de MT cu neutrul compensat, impreund cu noile tehnologii
utilizate atat pe partea de MT cét si pe partea de JT determina realizarea unei retele electrice
de distributie inteligente. Implementarea acestui sistem reduce substantial solicitarile electrice
(supratensiuni, supracurenti) ale retelei de distributie, ale echipamentelor si constituie unul din
factorii care contribuie atat la continuitatea alimentarii cu energie electrica a consumatorilor

cat si pentru imbunatatirea eficientei energetice.
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Urmatorii parametrii trebuie luati in considerare la nivelul statiei de transformare 110kV/ MT
pentru schimbarea tratarii neutrului:

v’ curentul capacitiv a retelei aferente de MT;

v numarul de intreruperi lungi (media ultimilor 2 ani);

v Indicele Frecventa Medie a Intreruperilor in Retea pentru un consummator - SAIFI;

v’ Indicele Durata Medie a Intreruperilor in Retea pentru un consummator — SAIDI.
Pentru a calcula curentul capacitiv al retelei MT avem nevoie de sectiunile tuturor liniilor care
alcatuiesc reteaua electrica dar si de lungimea lor totala, se recomanda utilizarea unor formule
aproximative pentru calcularea curentului capacitiv. In cazul sistemelor cu neutru izolat, este

posibilad determinarea conventionala a valorii curentului capacitiv cu urmatoarea formula:
| =U (0.003- La+0.2Lc) (5.3)

unde : U= tensiunea nominala a retelei in kV;
La = suma lungimilor liniilor electrice aeriene [km];

Lc= suma lungimilor liniilor electrice Tn cablu [km];
OD Enel foloseste urmatoarele solutii pentru tratarea neutrului in retelele de MT, in functie de
curentul capacitiv al retelei de distributie de MT

Tabel 5.1 - Solutiile OD Enel pentru tratarea neutrului

Ic [A] Solutie standard Solutie particulara
Un rezistor DT1110 (valoare 385 Q cu
0=30 TEN é A Bobina de stingere cu valoarea de 50 A
+ rezistor DT1110 in paralel (valoare
30+50 770 Q), cu TFN

50+100 Impedanta “redusa”- DT1096-

Bobina de stingere de valoarea de 100
de valoare 30+200 A cu TFN SA

A + rezistor DT1110 in paralel (valoare
770 Q), cu TFN

100+200
Doua bobine de stigere de valoarea de
100 A + rezistor DT1110 in paralel
(valoare 770 Q), cu TFN
200+300
Impedanta “standard” -DT1096 -
cu TEN SA
> 300

Impe@ar}té “gtandard” DT1096 + Impedanta tip Enel DT1096 + Bobina
bobina fixa DT1097, cu TFN de stigere de valoarea de 100 A cu TFN
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Enel, Tratarea neuzrului in regelele electrice de medie tensiune, ghid de exploatare,
ed. 2, 2010, pp 9
Note: (*) Valoarea I (curent capacitiv total al retelei electrice) la tensiunea de 20 kV;
- DT1110-Rezistor monofazat omologat Enel;
- DT 1096- Impedanta de legare la pamant omologata Enel;

Tabel 5.2 - Comaparatie intre diferitele sisteme de tratare a neutrului

Neutru legat | Neutru legat
] ] ) Neutru
prin bobina direct la )
Neutru ) legat prin Neutru
o _ de stingere pamant '
Caracteristici izolat rezistenta compensat
Arcul provocat Se lichideaza prin Se autostinge
de punerea la Se autostinge deconectarea liniei sau sau se
pamant RAR lichideaza
Arc intermitent Posibil Nu este posibil
Punere la pamant _ Protectia deconecteza linia | Reteau poate
Reteau poate functiona )
de durata cu defect functiona
Depistarea Protectie speciala de N )
B ) Protectii uzuale de depistare defect
punerii la pamant depistare
Supratensiuni 1,8 Usla (1,8-2,5) Ut
tranzitorii de <2,5U¢ locul de la locul de 25U+
punere la pamant defect defect

Supratensiuni de
>U) 0,8U, >Uj Ui
durata

5.1 Indicatoare de curent de defect

Operatorii de Distributie a energiei electrice au inceput sa utilizeze indicatoarele de curent
de defect cand au aparut cereri din partea consumatorilor de energie electrica, de asigurare a
continuitatii in alimentare si a calitati energiei electrice. Indicatoarele de curent de defect sunt
utilizate pentru localizarea scurtcircuitelor sau a defectelor cu pamantul in retelele electrice
aeriene sau subterane de distributie de MT, in special. Tn urma unui defect pe o linie de MT cu
indicatoare de curent de defect, trecerea curentului de defect nu era semnalizata imediat ci era
nevoie de deplasarea personalului de exploatare pe linia respectiva care vedea daca
indicatoarele semnalizeaza optic, informand astfel de trecerea curentului de defect sau nu in

zona respectivd. Putem spune ca folosind indicatoarele de curent de defect avem informatii
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despre tipul defectului dar nu intr-un timp scurt, fapt care duce la durate lungi de timp in
realimentarea cu energie electrica a consumatorilor.

Tabel 5.3 - Durata intreruperilor unei linii MT

0

[ Linie MT cu PT fard separatoare telecomandate | == ‘

Linie MT cu PT cu separatoare
B telecomandate —
in asteptarea manevrei )
- manuale in post =i
- / Reducerea numdruluide clienti
g - - nealimentati datoritd Telecontrolului
o oo ﬁL 7
1000
w0 IW
00 7.00 L

% 1600
Ora Ora

Tehnologia moderna 1si face resimtitd prezenta si in acest domeniu, iar producatorii propun
sisteme eficinte de localizare a defectului si optiuni suplimentare care aduc un plus eficientii
in supravegherea retelei de distributie. Se monteaza in PT telecomandate sau la separatoarele
telecomandate montate pe stalpi, care prin intermediul unor traductoare de curent si tensiune
detecteaza:
 trecerea curentilor de defect pe faza superiori unei valori prestabilite (functia 51);
» trecerea si directia curentilor homopolari in prezenta tensiunii homopolare datorate
simplei puneri la pamant (functia 67N);
» trecerea curentilor homopolari in prezenta tensiunii homopolare datorate dublei puneri
la pamant (functia 67N);

* prezenta/absenta tensiunii pe fazele MT

5.2 Automatizarea retelei de MT

In retelele de distributie de MT este in mod uzual previzuta automatizarea de tip
Reanclansarea Automatd Rapidd (RAR) cu una sau mai multe reanclansiri temporizate.
Dispozitivul RAR folosit ca automatizare pentru intreruptoarele unei linit MT, trebuie sa fie
programat pentru a efectua urmatoarele cicluri:

* pentru linii electrice in cablu: o reanclansare rapida si una lenta;

* pentru linii electrice aeriene/mixte: o reanclansare rapida si doua lente;
Pentru activarea automatizarii de-a lungul liniei MT, posturile de transformare sau
separatoarele de sarcinda montate pe stalpi trebuie sa fie prevazute cu:

* RTU conectat la sistemul de telecontrol,

» prezenta indicatoarelor de defect;
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» generarea semnalului de prezenta a tensiunii pe bara;

* prezenta a cel putin unui separator de sarcina telecontrolat.

Aceste logici pot fi programate, activate, dezactivate si anulate prin mesaje adecvate. Logicile

de automatizare actioneaza detectarea si selectarea defectelor de pe liniile MT tinidnd cont de

doud semnale:

* prezenta / absenta tensiunii pe linie;

 interventia indicatorului de defect.

Automatizarile asociate fiecarui separator de sarcina (IMS) pot fi anulate sau puse in

functiune prin telecomanda. In regim normal se prevede Tn medie automatizarea a trei posturi

de transformare/separatoare de stalp pentru fiecare linie.

Tabel 5.4 - Linie MT cu automatizare folosind indicatoare de defect

Etape/Timp Actiuni Schema
automatizare activare RAR
in functiune O e o )"
» » -
RARcudova ([ | l 4 V ]
cicluri
30sec./50sec.
RAR se dechid automat IMS -
ciclu 1 -urile unde SO | T
30 sec. inducatoarele sunt V

parcurse de curent

cautare defect,

conectare intreruptor

st}

prezenta linie, indicatorul » » »
tensiunii 4 sec comanda inchiderea | * | t
IMS-urilor pe rand
defect gasit declansare linie dupa C
RAR ciclu 2 inchidere IMS pe O W &
50 sec. defect | 77

izolare defect
pauza RAR

ciclu 2

se deschide IMS-ul
pentru izolare defect si
se blocheza in pozitia

deschis

Mesaj spontan
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Tabelul 5. 5 - Durata izolarii unui defect

-93%
Il MANUALA (echipe in teren) )
-93% 140 min
SCADA ‘
Il AUTOMATIZARE ACTIVATA 110 min
45 min 46 min
4
s i - . 8 min . 10 min .

0 0 0 3 min <1min 4 min <1 min <2 min 3 min
Momentul aparitiei Prima manevra pe linie Prima alimentare Localizare defect Alimentare totala
defectului- linia MT partiala a liniei

declangeaza

Acesta prezinta rezultatele obtinute pe parcursul unei perioade de sase luni in 2018, unde au

vvvvv

e manuala: 45 minute;
« telecontrol: 3 min;

e automatizare: sub 1 min.

5.3 TEHNOLOGII INTELIGENTE IN RETEAUA JT
Sistemul de telecontrol pentru reteaua de MT prevede posibilitatea reprezentarii retelei de JT
racordate n secundarul unui transformator MT/JT, prin intermediul intreruptoarelor de linie
de JT. Cu ajutorul acestui sistemul de telecontrol si a RTU-urile deja existente in PT-uri, se
poate realiza pentru echipamentele de comutatie instalate in reteaua JT:
*  conectarea automata;
» conectarea/ deconectarea prin telecomanda;

* declansarea prin protectie la aparitia unei suprasarcini sau a unui defect.

Figura 5. 1 - PT telecontrolat si pe partea de MT si pe partea de JT
Stare .!lll!ﬁlllwﬂllﬂlll‘\ﬂ\HIHIMJHw' ! R T A
S0

14822 5328
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Sistemele de gestionare a energiei locuintelor rezidentiale de diferite tipuri sunt desfasurate
astazi intr-un numar din ce in ce mare, pe masura ce retelele de distributie din zona de
domiciliu se modernizeaza. Acestea vor deveni In mod efectiv partea orientata spre
consumator a retelei inteligente. Pentru a implementa ,,smart meter” la client, avem nevoie ca
sursa de alimenate a acestora, si anume PT sa fie modernizat inclusiv partea de JT, deoarece

din acest loc incepe gestionarea inteligentd a consumului clientului.

6 VERIFICAREA ECHIPAMENTELOR PRIMARE DIN
RETELELE ELECTRICE DE DISTRIBUTIE

Cele mai importante echipamente 1n reteaua de distributie sunt transformatoarele de putere si
sistemele de tratare a neutrului iar indisponibilitatea lor pe termen lung afecteaza stabilitatea
sistemului energetic. Transformatoarele de putere folosite in retelele electrice de distributie
sunt trifazate, montate in cuve metalice si de reguld izolate in ulei. Infasurarile atat pe partea
primard cit si pe partea secundara sunt executate inauntru, deci inaccesibile, iar capetele
infasurarilor sunt accesibile prin izolatoare pe cuva transformatorului. Datorita mediului unde
sunt montate pot aparea deficiente in funtionarea lor, iar masurarea rezistentei izolatiei ajuta la
stabilirea sigurad daca valorile acestora sunt corespunzatoare. Verificarea transformatoarelor de
putere consta in:
* masurarea rezistentei de izolatie Tntre:
a) infasurari - cuva,
b) infagurari;
* masurarea rezistentei infasurarilor;
* masurarea raportului de transformare;

Figura 6. 1 - Schema de montaj verificarea rezistentei primare si secundare
transformator

Hi  H2  H3 HO
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7 MODELAREA SI SIMULAREA TRATARII NEUTRULUI IN
SIMULINK

Reteaua electricd de modelat s-a realizat in asa fel Incat sa se poatd compara cazul in care
neutrul transformatorului se leaga direct la pamant, cazul in care se leaga printr-o rezistenta
sau prin sistem Petersen (bobina de stingere in paralel cu rezistenta). Pentru aceasta am
utilizat patru intreruptoare ideale, comandate dintr-un bloc generator de semnal. Generatorul

de semnal comanda si momentul in care apare defectul monofazat, pe faza notata cu A.

Figura 7. 1 - Schema bloc modelare retea de distributie
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a) Parametrii transformatorului in Simulink;

Figura 7. 2 - Parametrizare transformator

Three-Phase Transformer (Two Windings) (mask) (link)
This block implements a three-phase transformer by using three single-phase transformers. Set the
winding connection to 'Yn' when you want to access the neutral point of the Wye.

Click the Apply or the OK button after a change to the Units popup to confirm the conversion of
parameters.

Configuration ~ Parameters
Units | pu v

Nominal power and frequency [ Pn(VA), fn(Hz) ] \[ 63e6, 50 ]

Winding 1 parameters [ V1 Ph-Ph(Vrms) , R1(pu), L1(pu) ] \[1.1e+05*0.6 0.0019 0.0875]

Winding 2 parameters [ V2 Ph-Ph(Vrms) , R2(pu) , L2(pu) ] ‘[10500 0.0019 0.0875]

Magnetization resistance Rm (pu) \1800

Magnetization inductance Lm (pu) \201.2461

Inductance LO of zero-sequence flux path return (pu) ‘5.6255

Saturation characteristic [ i1, phil; i2,phi2;...](pu) [00;0.0014253 8.0182;0.59389 10.156]

Cancel Help Apply
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b) Parametrii liniei electrice n Simulink;

Figura 7. 3 - Parametrizare liniei electrice

Distributed Parameters Line (mask) (link)

Implements a N-phases distributed parameter line model. The rlc parameters are specified by
[NxN] matrices.

To model a two-, three-, or a six-phase symmetrical line you can either specify complete [NxN]
matrices or simply enter sequence parameters vectors: the positive and zero sequence
parameters for a two-phase or three-phase transposed line, plus the mutual zero-sequence for
a six-phase transposed line (2 coupled 3-phase lines).

Parameters

Number of phases [ N ]: |3 | i

Frequency used for rlc specification (Hz): \50 | :
Resistance per unit length (Ohms/km) [ NxN matrix ] or [ r1 r0 rOm ]: m
Inductance per unit length (H/km) [ NxN matrix ] or [ 11 10 [0m ]: |[0 9337e-3 4.1264e-3] | i

Capacitance per unit length (F/km) [ NxN matrix ] or [ c1 c0 cOm ]: [12.74e-9 7.75e- 9]
Line length (km): |SD | :

Measurements |None ©

Cancel Help Apply

c) Parametrii defectului monofazat in Simulink;

Figura 7. 4 - Parametrizare defectului

Three-Phase Fault (mask) (link)

Implements a fault (short-circuit) between any phase and the
ground. When the external switching time mode is selected, a
Simulink logical signal is used to control the fault operation.

Parameters

Tnitial status: 0
Fault between:
Phase A [1Phase B []Phase C Ground

Switching times (s): [60.2/50 100/50] External

Fault resistance Ron (Ohm): |1000

Ground resistance Rg (Ohm): |3

|

|
Snubber resistance Rs (Ohm): |inf | i

|

Snubber capacitance Cs (F): |inf

Measurements None <

Cancel Help Apply




d) Parametrii sarcinii pentru a avea o Incarcare in regim stabilizat;

Figura 7. 5 - Parametrizare sarcinii Simulink

Three-Phase Series RLC Load (mask) (link)
Implements a three-phase series RLC load.

Parameters  Load Flow

Configuration 'Y (neutral) ©

Nominal phase-to-phase voltage Vn (Vrms) |10.5e3 \ i

Nominal frequency fn (Hz): |50 \ :

L] Specify PQ powers for each phase
Active power P (W): |1&3 \ :

Inductive reactive power QL (positive var): \2&2 \ :

Capacitive reactive power Qc (negative var): |100 \ :

Measurements |None <

Cancel Help Apply

7.1 ANALIZA SI INERPRETAREA REZULTATELOR iN
SIMULINK

Curentul capacitiv I-am calculat scazand din curentul care intra in linia electrica de distributie
curentul care iese din aceasta. Practic, ce se pierde nu poate fi decat curentul capacitiv; mai
jos este prezentatd schema de calcul pe fiecarea faza:

Figura 7. 6 - Schema bloc masurare curent capacitiv
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Blocurile negre sunt blocuri de masurare. Toate masoara tensiunea faza-pamant, in regim
trifazat. Tn paralel cu sarcina este conectat un bloc ce simuleaza un defect. Prin el conecteaza
una sau mai multe faze la pamant prin elementele de circuit configurabile.

Figura 7. 7 - Neutrul transformatorului legat direct la

pamdant

[Ready Sample based  T=2.200

Figura 7. 8 - Curentii in cazul neutrului legat direct la pamant
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Figura 7. 9 - Neutrul transformatorului legat printr-o

rezistenta

Figura 7. 10 - Curentii in cazul neutrului legat printr-o rezistenta

Ready Sample based  T=2.200

29



Figura 7. 11 - Neutrul transformatorului legat printr-o bobind de stingere in paralel
cu rezistentd
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Figura 7. 12 - Curentii in cazul neutrului legat printr-o bobind de stingere in paralel
cu rezistentd

Ready Sample based | 1=2.200
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Figura 7. 13 - Curentii reprezentare detaliata in cazul neutrului legat printr-o bobina

de stingere in paralel cu rezistenta
ewew s e )
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Figura 7. 14 - Comparatie curentii capacitivi si prin nul intre cele trei tipuri de

tratare
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8 CONCLUZII, CONTRIBUTII ORIGINALE SI DIRECTII DE
DEZVOLTARE

Prin prezenta teza am analizat optimizarea sistemului de distributie a energiei electrice
avand ca scop final un serviciu de distributie a energiei electrice “smart” prin modificarea
metodei de tratarea a neutrului in retelele de distributie de MT si prin tehnologiile inteligente
utilizate in retelele de MT si JT.

Principalele contributii stiintifice ce le-am adus prin teza de doctorat sunt:

« realizarea unei analize privind principalele mijloace de monitorizare a retelei electrice
de distributie;

+ realizarea unei analize comparative a metodelor utilizate pentru tratarea neutrului
retelelor electrice de MT, evidentiind avantajele si dezavantajele ficarei metode;

» modelarea si simularea tratarii neutrului in Simulink;

* metode pentru limitarea duratei de izolare a unui defect in reteau de distributie de MT;

* metode de optimizare a sistemului de distributie.

Cercetarea Intreprinsd 1n tezd de doctorat pune accent pe tratarea neutrului
secundarului transformatoarelor din retelele de distributie de MT care reprezinta un punct de
referintd pentru sistemul de tensiuni trifazat. Existd diferite moduri de legare la pamant in
retelele de distributie a MT iar motivele pentru o astfel de diversitate sunt in principal istorice,
deoarece alegerile tehnico-economice care le-au stabilit au fost facute in urma cu zeci de ani.
Asa cum s-a anticipat in ultimii ani, atentia s-a Indreptat asupra calitatii si continuitatii
serviciului de distributie cu energie electrica iar necesitatea reevaluarii modului de tratare a
neutrului este de actualitate, din cauza schimbarilor semnificative intervenite atat in structura
retelelor, cat si din cauza reglementdrilor in viguare. Modalitatea de legare la paméant a
neutrului intr-o retea de MT are un efect direct asupra curentului de defect, asupra
supratensiunilor tranzitorii §i asupra fenomenelor de stingere/ reaprindere a arcului, aga cum
s-a mentionat Tn teza. Pe baza acestor aspecte ale retelei am putut face o comparatie intre
diversele modalitati de legare la pamant ale neutrului.

De asemenea sunt prezentate noi provocdri pentru sistemul de distributie a energiei
electrice, respectiv transformarea digitald a retelei electrice de distributiei cat si conceptul de
retea electrica inteligenta. Subiectul este unul extrem de important in conditiile Tn care energia
electricd a ajuns sd fie un serviciu, iar continuitatea si calitatea energiei electrice furnizata

clientului final determina eficienta activitatilor acestora si deci a profitului.
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Directii de dezvoltare

Tehnologiile inteligente aduc beneficii importante prin o mai bund gestionarea a
sistemului de distribugie a energiei electrice precum si conducerea acestuia de la distanta, dar
in procesul de integrare a acestora trebuie acordatd importanta cuvenitd si consumatorului
final pentru a preveni evenimente nedorite care pot sd-i afecteze activitatiile. Prezenta deja
puternica a producdtorilor de energie electrica, in special din surse regenerabile poate duce la
provocari tot mai mari pentru OD in ceea ce priveste gestionarea si utilizarea retelei electrice.
Noii utilizatori de retea vor fi activi si pasivi, ceea ce va conduce la o schimbare radicald a
conceptiei fluxurilor de energie unidirectionale ale sistemului de distributic a energiei
electrice, care de acum va trebui sa asigure un sistem de management si control al calitatii
serviciilor la nivelul standardelor In vigoare. Optimizarea sistemului de distributie a energieie
electrice este o tema dezvoltata si studiatd mereu de OD pentru o gestionare eficientd si un
serviciu de calitate a energiei electrice. Utilizarea indicatoarelor de defect directionale, poate
fi considerata o protectia principala a retelei electrice de distributie de MT. Directionalitatea
este, prin urmare, 0 Cerintd necesara pentru sporirea selectivitatii interventiilor si pentru
eliminarea problemelor care decurg din inversarea fluxurilor de energie, imbunatitind
calitatea serviciilor furnizate. In ansamblu, tehnologiile noi prezinti avantaje clare dar, de
asemnea, aduc posibile dezavantaje daca implementarea se realizeaza incomplet sau
defectuos, in special din perspectiva sanctiunilor in vigoare, din perspectiva carora efortul de
optimizare fard siguranta sistemului energetic pot crea mari prejudicii.

In mod concret devine necesarid o reevaluare a modului de tratare a neutrului in
retelele de distributie de MT, n vederea stabilirii noului tip de tratare a neutrului, masura care
std la baza unei bune optimizarii a sistemului de distributie.

Un alt demers vizeaza implementarea sistemelor de automatizare de-a lungul liniilor
de MT plecand de la flexibilitatea dovedita in utilizare a indicatoarelor de curent de defect.

Prezenta teza de doctorat constituie un punct de plecare si pentru retelele de distributie
de JT care asigura alimentarea cu energie electricd unui numar impresionant de clienti si
constatam ca numarul de informatii culese din aceste retele este mic, iar durata de obtinere a
informatiilor este mare si costisitoare. In vederea optimizarii retelei pentru a obtine eficienta
sistemului de distributie se impune monitorizarea continud a clientilor cu sisteme inteligente
care sa permita o analiza corespunzitoare a consumului. Astfel, implementarea sistemelor
inteligente, va deveni o necesitate Tn vederea atingerii obiectivelor economice urmarite atat de

OD cét si de client, adica cresterea profitului.
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Introduction

The undertaken research by presenting the doctoral thesis had the right purpose of
treating specific problems of electrical distribution, respectively the digital transformation of
the distribution network but also their optimization in the concept of smart electrical network.

In the first chapter | presented theoretical aspects related to the optimization of

distribution networks, analyzing theoretical aspects related to thematic works.
In the second chapter | analyzed the monitoring systems used in electrical distribution
networks. | underlined the importance of the “Smart Grid” concept in the electrical networks
but also new ways of managing the electrical distribution networks, including the data
acquisition equipment used to monitor the network.

In chapter 3 of the paper, | presented various methods used to treat the neutral in the
electrical networks in our country and I analyzed various theoretical aspects related to the
topic of the thesis. | presented the main features of the neutral point treatment modes of MV
networks emphasizing the neutral point treatment by Petersen system (compensated). Thus in
an electric network with compensated neutral, at a fault with the ground on a line, it causes
first of all to circulate in the fault point an inductive current that compensates the capacitive
grounding current of the faultless phases so that the electric arc produced at the fault location
should not persist, and secondly if the fault persists by means of the resistor, the fault line is
identified and disconnected. This network compensation methodology is implemented
through the neutral point control system that automatically adjusts the degree of agreement
between the extinguishing coil and the homopolar capacity of the MV network to which it is
connected. In chapter 3 | also presented the measurements performed in the real MV network.

In the 4th chapter | analyzed the measurement and control methods for optimizing the
electrical distribution system. | have theoretically detailed the main types of protections used
in electrical distribution networks that contribute together with the neutral point treatment
method to the elimination of the fault in a short time and to the electrical separation of the
fault line.

Chapter 5 is dedicated to the analysis of new intelligent technologies used in MV and
LV networks. In this sense, this chapter contains several sub-points, each having a theoretical
part for the new technologies used, being accompanied by examples. More than that, taking
into account the possibilities of monitoring in the distribution networks, I proposed and

comparatively analyzed various technologies.
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Given the importance of power transformers and neutral point treatment systems that
affect system stability, in Chapter 6 | analyzed the importance of measuring insulation
resistance. Due to the environment where the equipment is mounted, deficiencies in their
operation may occur; the measurement of the insulation resistance allows the decision to be
taken that the equipment in question is in good working order. Information is provided on the
current state of the insulation, thus allowing the equipment to be put into operation in the
conditions in which the insulation works properly. Checking the primary equipments in the
electrical networks is thus a first guarantee of safe operation.

In chapter 7 | presented the simulations performed in the MV electrical network. I
made the electrical network for modeling with the help of the Simulink application in such a
way as to be able to compare the case in which the neutral point of the transformer is
connected directly to ground, in case it is connected by a resistor or Petersen system (arc
suppression coil in parallel with resistance). For this | used four ideal switches, controlled
from a signal generator block. The signal generator also controls when the single-phase fault
occurs. Through this simulation | pursued the following objectives:

« stability of the three-phase system in the presence of a single-phase fault depending on
the neutral point treatment method;
+ limitation of fault current and overvoltages in the electrical network;
+ establishing a way of treating the electrical network with low impact compared to the
permanent sinusoidal operating regime.
The annexes present considerations regarding the capacitive current of the MV distribution
network, technical characteristics of smart meters, current transformers for balance and
concentrators, technical characteristics of the Meger Trax 280 test system, verification of
insulation resistance, Petersen system characteristics, the quality of the distribution service as
well as the calculation of short-circuit currents and the optimization of losses in the MV
network. From the analysis of the results made in Simulink, I found that the intensity of the
short-circuit current is much reduced when using the Petersen system. The use of neutral point
treatment by the Petersen system significantly reduces the values of voltages and currents
during ground faults. Therefore, the aim is and will be:
 reducing the number and duration of interruptions;
* increasing the degree of safety in the operation of the installations;
* increasing the quality of customer service.

With the new solutions presented, the following advantages result:
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« stability of the three-phase system;

+ operative management of the distribution network (reduction / liquidation of damages,
circulation of powers, operation of protections) in real time;

 reducing the durations of non-electrical supply to consumers;

+ reducing the amount of undelivered electrical;

 reducing the risks of mishandling of switching equipment;

 reduction of intervention costs for liquidation of damages;

« management of electrical producers connected to the MV network.

1 DEVELOPMENT OF ELECTRICAL DISTRIBUTION
NETWORKS

Electrical powers systems suffer a radical transformation through integrating decentralized
renewable energy sources and consumers, also electrical powers storage/evacuation solution
require more flexible systems. As integral parts of electrical networks, transformer stations are
essentially the heart of these power systems. When it comes to automation, monitoring and
protecting a substation, digital technology can be applied with significant effects.
Development of High Voltage (HV) Electrical Distribution Networks of the Distribution
Operator (DO) is corelated with the development of the National Energy System (NES) which
is part of the Transmission and System Operator ,, Transelectrica” as a result of the close
interaction between HV networks of DO and Transelectrica. It is necessary on the basis of
economic development and the forecast of increasing electrical consumption, the stability of
the energy system by connecting new substations thus ensuring the continuity and quality of
electrical distribution service. The following factors must be taken into account in the
development of the Medium Voltage (MV) distribution network:

 the quality of the supplied electricity;

* new connection requests from customers but also from electrical producers;

» optimization of existing distribution networks;

+ analysis of data on the lack of continuity in electrical supply.

Starting from the current configuration of the HV and MV distribution network, the
optimization of the networks will follow:

» the use of a larger number of power stations with the possibility of reservation through

the MV power lines;
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introduction of SCADA (Monitoring, Control and Data Acquisition) in the
transformation substations and along the MV power lines;

introduction of a new way of treating the neutral in the MV distribution networks;
introduction of automations along the MV power lines;

introduction of intelligent technologies in the Low Voltage (LV) distribution networks.

2 MODERN SYSTEMS FOR MANAGEMENT ELECTRICAL
DISTRIBUTION NETWORKS

The components of an electrical distribution network as well as the information and

communication technology that helps the optimal operation of that network have given rise to

a new concept, namely "Smart Grid", or Intelligent Network. The development of the “Smart

Grid” concept will allow:

the use of new technologies to increase the efficiency of the electrical distribution
service;

the realization of new facilities, new benefits for the clients, respecting the quality of
the delivered electricity;

development of communication systems to obtain real-time information on events in
the distribution network and adoption of measures to limit the effects on the loss of the

distribution service.

“Smart Grid” is an electrical network in which both energy producers, the Transmission

Operator, the Distribution Operators and the customer can be efficiently integrated, in order to

ensure the economic efficiency of the production, transmission, distribution and consumption

systems with low energy losses and safety in operation, in compliance with electrical quality

standards. The concept of "Smart Grid" at the level of the electrical distribution network can

be associated with automation technologies such as:

monitoring and control of primary equipment in stations, transformation stations,
supply points, connection points (SCADA systems);

local automations of the primary equipments, operations of type Automatic
Interlocking of the Reserve (AIR) from the local power supply sources, isolation of the
sections with faults;

monitoring and control of distributed energy resources;

applications for managing loads on power lines.
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Through the "Smart Grid" there is the possibility of intervention to customers so that the
electrical needs to correspond at any time to the production of electricity, there is a real
control of customers, of the electrical used. An important advantage of this is also the
telecommunications systems that help the efficient use of electrical by managing the
information between production and customer requirements. The main features of the
SCADA system are:

« management and monitoring of the electrical network (breakdowns, technical

overhauls, introduction of new customers);
+ support to guarantee the quality and continuity of the electrical power distribution;
« computerized management of all activities related to the electrical network.

Figure 2. 1 - Remote controlled electrical substation

The SCADA system is a hardware and software structure that must include:

» an operative center (Telecontrol Center) at the level of territorial unit, endowed with a
certain number of operative stations, printers and a connection room containing
processing and telecommunication units;

« remote control terminals (RCT) for power stations, installed in HV / MV electrical
substation and used to transmit in the operational center field information (signals,
alarms, measurements, status of primary equipment) and to execute commands
transmitted from the center operative;

« RCT for the MV network, installed in supply points, connection points, pole

separators, transformer stations and used for the transmission, in the operational center
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of field information (signals, alarms, states of primary equipment) and for the

execution of commands transmitted from the operations center.
The SCADA system recognizes the malfunctions of the equipment in the electrical networks
(overloads, voltage levels outside the limits, actuation of protection and automation systems,
unwanted modification of the state of circuit breaker and separators, etc.) and warns optically
and acoustically about what happened, performing the information function. In order to
optimize the operation of the electrical networks, the power circulation is registered. This
information is used to improve planning of the operating regimes of the network as well as to

regulate the voltage of the transformers in the energy system.

3 OPERATING REGIMES FOR MEDIUM VOLTAGE
DISTRIBUTION NETWORKS

The operating regime of an electrical network means the current state of the network
characterized by the quality of electrical and the continuity of electrical supply. The
calculation of operating regimes is of major importance because knowing the load carried by
the network and the material characteristics of the conductors and transformers must ensure
the quality parameters of the energy supplied regardless of the network configuration. In the
normal operation in symmetrical sinusoidal regime of the electrical network, the grounding
mode of the neutral point has no influence on its potential which is equal to that of the ground.
However, the treatment of the neutral point significantly influences the values of voltages and
currents in case of asymmetric operation and especially during grounded faults. The method
used to treat the neutral point depends on the form of manifestation of this phenomenon, the
behavior of the electrical networks during the duration of the fault, the consequences on the
energy installations, as well as on the electrical supply of the consumers. While in HV power
electrical transport networks and in HV and LV distribution networks it is almost common to
use neutral point directly connected to the ground- oversizing the transformer insulation
would be too expensive in HV networks; and at the level of LV, the neutral point is connected
to ground for reasons of protection of personnel but also for the protection of single-phase
receivers - but in MV electrical networks there is no single solution in choosing the mode of
neutral point treatment. Despite a common general protection scheme used in distribution
networks, which can be extrapolated to most countries, some general differences can be
observed. Here are the main themes that can generate differences between the practices of

each country:
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the functions developed under the protection scheme: for example, some countries
allow the operation according to the fault current, while others prefer to eliminate any
fault in the distribution network;

neutral point treatment method (directly grounded, insulated, resistance treated,
compensated);

network structure (looped or radial);

national regulatory legislation;

voltage level used by DO;

the types of protection used in the distribution network;

the configurations of the protection functions (thresholds, timings), which depend on
the technical regulations in force in the respective country.

Table 3.1- Neutral point treatment in the MV network internationally

Country / Neutral point Neutral point Neutral point connected Neutral
Region directly connected connected by through the Petersen point
resistance System insulated
ITALY X X
FRANCE X X
GERMANY X
SPAIN X X X X
PORTUGAL X
AUSTRIA X
BELGIUM X
SWEDEN X
FINLAND X X
UK X
IRELAND X
RUSSIA X
EASTERN X
EUROPE
AUSTRALIA X
USA AND X
CANADA
CHINA X X X
ISRAEL X
ROMANIA X X X

Joint Working Group B5/C6.26/CIRED, Protection of Distribution Systems with Distributed
Energy Resources, Austria, 2015, pp 23
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According to the norms in force, if the capacitive current for ground is galvanically connected
on electrical network and has a value bigger than 10A, is required the treatment of the neutral
point of the electrical networks. If the neutral is connected by means of impedances to a low-
resistance grounding electrode, it is said that the neutral is connected "directly to ground”; if
instead there are no intentional connections between neutral and ground, it is "isolated
neutral”. The intermediate solutions provide for the insertion between neutral and ground of

inductive, resistive or inductive-resistive impedances.

3.1 PRINCIPLES FOR NEUTRAL POINT TREATMENT IN MV
BY THE SYSTEM PETERSEN (COMPENSATED NEUTRAL)

Compensated networks have gained popularity in recent years in distribution networks.
This is mainly due to the increased focus on reliability. The number of faults has been
significantly reduced and, thus, maintenance costs for the electrical distribution service can be
reduced. The neutral conditioning in the energy distribution networks by installing the
Petersen system (arc suppression coil in parallel with the resistor) between the transformer’s
neutral and the ground, in case of a grounding fault, firstly, it causes the circulation in the
fault point of an inductive current which compensates the capacitive current for ground, for
phases without fault in such a way that the arc produced at the place of fault does not persist,
and secondly, if the fault persists, through the means of the resistor, the fault line is identified
and disconnected. The treatment of the MV neutral point by means of the Petersen system (arc
suppression coil in parallel with resistance), generally called the treatment with compensated
neutral, the following figure is presented:

Figure 3.1 - MV network with compensated neutral
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+ an inductive current component I at 90° before the neutral voltage Un (-Ur);

+ aresistive current component Ir opposite to the neutral voltage Un (-URr).
The I current is in opposition phase to the capacitive current Ic (at 90° degrees in front)
which is created due to the capacities of the network, and therefore tends to "compensate”.
| speak of "exact compensation” when the I. current is equal to and opposite to the fault
current corresponding to the case with isolated neutral (so equal to Ic); the network is
considered undercompensated or overcompensated, respectively when the IL current is lower
or higher than the above-mentioned fault current.

Figure 3.2 - Vector diagram with compensated neutral
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The degree of compensation is defined by the expression:

c=|—L% (3.1)

IC
As the operation of the network is also such as to allow a compensation of almost 100%, it

can be stated, in general, that the treatment with neutral compensated allows to reduce the
value of the grounded current. This effect is one of the main advantages of this method of
grounding. In general, the mode of operation of the electrical network with the compensated
neutral point allows, compared with isolated neutral, to achieve the following objectives:

« limiting the grounded current favoring, at the same time, the dimensioning of the

grounded installations of the MV/LV transformer stations ;
 reducing the risks of appearance intermittent electric arc;
« growing the probability of self-extinguishing single-phase faults, avoiding

disconnection of the line switch.

3.2 PRINCIPLES FOR NEUTRAL POINT TREATMENT IN MV
BY RESISTANCE
The treatment of the neutral of the grounded MV network by using a resistor is a method
that has been frequently used in distribution MV networks in Romania, with resistance sizing

that reduced fault currents to predefined values (eg 300 A, 600 A, 1000 A, etc.).
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The principle of operation in the case of neutral treatment of the MV network by
resistance can be seen as a special case of compensated neutral in which, during grounded
faults, an Ir component of current in opposition to homopolar voltage manifests itself in the
network. The solution is clearly simpler and more economical compared with arc suppression
coil . Neutral point treatment whith resistance has not resulted in a decrease of fault current
that is typical for compensated neutral, however, transient overvoltages and intermittent
electric arc phenomena can be reduced.

Figure 3.3 - Vector diagram
with neutral tied to the ground whith resistance.
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3.3 COMPARATIVE ANALYSIS BETWEEN DIFFERENT WAYS OF MV
NEUTRAL POINT TREATMENTS
Overvoltages in MV networks, as a result of a homopolar fault, include both those that
manifest on the healthy phases at the occurrence of the phenomenon, and those on the
defective phase when the fault is eliminated, by self-extinguishing the arc or by triggering the
line as a result of protection intervention.

Figure 3.4 - The equivalent Thevenin circuit with the neutral
conditioned through Petersen system
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It is noted that the arc suppression coil has a voltage attenuation effect. The treatment of the
neutral by Petersen system limits the overvoltages caused by the intermittent electric arc
which thus leads to the reduction of the number of insulation faults and therefore to the

reduction of the number of polyphase faults.

3.3.1 Expressions of sizes network during homopolar fault

Treating the neutral with an arc suppression coil is one of the most important ways to improve
the quality of voltage in electrical networks. The main advantage of this treatment is the
ability to continue to operate the network during a grounded phase. MV electrical networks
must be compensated as much as possible so that only residual current to circulate through the
place of fault when a grounding occurs. In the past, the only controlled variable that was used
to adjust a coil was the absolute value of the zero sequence voltage Uno, which did not always
achieve the desired result. This voltage is used to trigger the detection of single-phase faults in
compensated neutral as well as isolated networks. The increase in power lines balanced the
networks and reduced the zero sequence voltage. However, the unbalanced network load can
still affect the zero sequence voltage and cause it to vary. This is why other techniques must

be used to maintain the quality of voltage in electrical networks.

Figure 3. 5 - The equivalent Thevenin circuit with the neutral
conditioned by Petersen system

Lies Ry Ict

Florin D. Andrei, Valentin Dogaru Ulieru, loan C. Salisteanu, Otilia Nedelcu, Bogdan Salisteanu,
Neutral point treatment in the medium voltage distribution networks,
International Multidisciplinary Scientific GeoConference, 2019, Bulgaria, pp 348.
If we neglect the impedance of the coil, the grounding is net and the resistance of the fault is
being neglected (R¢=0), then the intensity of the fault current in the resistance treatment

system is:

ldef=1R+1c:R£+j~3~a)-co.g (3. 2)

e
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Phase voltages without fault:
Ua=Us = /30U (3.3)

And the displacement voltage of the neutral point is:
Uv=1rR: (3. 4)

Now returning to the treatment system with coil and resistor and when the grounding is net,
the resistance of the fault being neglected (Rf=0), the capacitive grounding current is obtained
from the capacitive current of the defective phase, from the current induced by the coil, but

also by the resistive current:

les = ln+lro+1c+1c (3.5

The value of the capacitive current is equal to::

=3-0-Co.E (3. 6)

Ie=

O><|Im

where: E - phase voltage;
Xc - capacitive reactance;
o - pulsation.

The value of the coil induced current is given by the following relation:

E
XL oL S

Then the capacitive fault current becomes:

(Ru+Ro)E
RL-Ro

ldef =

+j-[3a)Co—ijE (3.8)
ol

If the degree of compensation c equals 1, i.e. I equals Ic, we obtain the following relation:

1

L=——
30C

(3. 9)

where L is the value given to the inductance. In the case of a sub-compensation equal to
95%, the following is obtained:
1

L=———— 3.10
3-0.95-»C ( )
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The coil adjustment condition is achieved when:

1
3wCo———=0 (3.11)

component:

wl
In the case of complete compensation, the fault current remains only with the resistive
1 et zm (3.12)
RL-Ro

4 MEASUREMENT AND CONTROL DEVICES IN MV
ELECTRICAL NETWORKS

The results of the measured quantities are used in more and more applications both to

ensure a quality distribution service and a user guarantee. The measured values and records of

the measuring instruments allow a series of operations to be performed such as:

connecting and disconnecting the lines in parallel with the network of the electrical
system;

control of the distribution of active and reactive power on the transmission and
distribution lines;

control of the load of power lines, in order to prevent abnormal operating regimes, due
to overloads;

quality control of electrical (frequency, voltage);

records of electricity;

the transmission of the values of some devices from transformation stations, supply

points to the dispatcher centers.

4.1 Protection against polyphase short-circuits Code ANSI 50 - 51

Protection against polyphase short-circuits is the most common protection in

distribution networks being used at almost all voltage levels. The protection allows the

identification of phase faults due to overload or short-circuits. Typical intervention methods

can be instantaneous called maximum fast current protection (code 50) or delayed called

maximum delayed current protection (code 51).
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4.2 Homopolar current protection Code ANSI 51N

This protection consists of a maximum current protection fed by the homopolar current of the
protected line by means of a homopolar sequence current filter, made either by Holmgreen

mounting of three current transformers or with an inelar (toroidal) transformer.

4.3 Maximum and minimum voltage protection Codes ANSI 59 and
27

Maximum voltage protection is used to protect equipment against damage to
insulation due to increased voltage. Low voltage protection detects low voltage operating
conditions that can lead to loss of stability of electronic equipment operation. The mode of
intervention of the protections can be instantaneous or delayed. It is possible to combine both
protections at minimum voltage or at maximum voltage (protection with code 27-59) thus
obtaining the maintenance of the voltage within a set interval. A typical example of the
application of this type of protection is that of network-connected autoproducers that need to

be protected.
4.4 Differential protection Code ANSI 87

Differential protection is used to protect a network element against internal faults that

must be eliminated in a very short time by comparing currents.

4.5 Directional and homopolar directional protection Code ANSI 67,
67N
The protection provides information about the position of a vector sizes compared to another
that is taken as a reference. The comparison is made on a dephase angle between the current
vectors and the voltages measured ; therefore, directional protection requires two sizes: a

voltage and a current.

S5 INTELLIGENT TECHNOLOGIES IN MV AND LV
NETWORKS

The function in the MV network with the compensated neutral, together with the new
technologies used on both the MV and the LV side, determines the realization of an intelligent
electrical distribution network. The implementation of this system substantially reduces the
electrical loads (overvoltages, overcurrents) of the distribution network, of the equipment and
is one of the factors that contribute both to the continuity of electrical supply to consumers
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and to improve energy efficiency. The following parameters must be considered on 110kV /
MYV transformer station to change the neutral point treatment at the:

v' the capacitive current of the related MV network;

v number of long interruptions (average of the last 2 years);

v' System Average Interruption Frequency Index - SAIFI;

v System Average Interruption Duration Index - SAIDI.
To calculate the capacitive current of the MV network we need the sections of all the lines
that make up the electrical network but also their total length, it is recommended to use
approximate formulas to calculate the capacitive current. In the case of isolated neutral
systems, it is possible to determine the conventional value of the capacitive current with the

following formula:
lc =U (0.003- La+0.2Lc) (5.3)

where: U = rated voltage of the network in kV;
La = sum of the lengths of aerial power lines [km];
Lc = sum of the lengths of power lines in cable [km];

DO Enel uses the following solutions for neutral point treatment in MV networks, depending
on the capacitive current of the MV distribution network.
Table 5.1 — OD Enel solutions for conditioning the neutral in MV networks

Ic [A] (M) Standard solution Specific solution
0=30 A resistor DT1110 (of value 385 Q Arc suppression coil of value 50 A +
with TFN SA resistor DT1110 in parallel (of value 770
3050 Q), with TFN
50+100 “Reduced” impedance Arc suppression coil of value 100 A +
- DT1096- of value 30+200 A with | resistor DT1110 in parallel (of value 770
TFN SA Q), cu TFN
100+200 Two arc suppression coils of value 100 A

+ resistor DT1110 in parallel (of value 770
Q), with TFN

200+300 “Standard” impedance
-DT1096 -

with TFN SA
> 300 “Standard” impedance DT1096 + Enel type impedance DT1096 + arc

fixed coil DT1097, with TFN suppression coil with value of 100 A with
TFN
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Enel, Tratarea neuzrului in regelele electrice de medie tensiune, ghid de exploatare,
ed. 2, 2010, pp 9
Note: (*) Ic value (total capacitive current of the energy network) at 20 kV voltage;
- TEN SA- Neutral forming transformer with auxiliary for auxiliary services
- DT1110- Single-phased resistor Enel homologated;
- DT 1096- Grounding impedance Enel homologated,;

Table 5.2 - Comparison between different neutral point treatment systems

Neutral point
connected by Neutral
Neutral )
arc ] point )
Neutral ] point Neutral point
o _ suppression ) connected
Characteristics point | directly A compensated
) coi y
insulated connected _
resistance
_ _ o o It is self-
The electric arc It is self-extinguishing Itis liquidated by o
) ) ) extinguishing
caused by disconnecting the line or o
oritis
grounding rapid auto-reclosing (RAR) o
liquidated
Intermittent arc | Possible It is no Possible
Duration o
Protection disconnects the
long-term The network can work ] The network
: fault line
grounding can work
Detection of Special detection _ )
_ ) Usual protections fault detection
grounding protection
Transient 1,8 Ur at (1,8-2,5) Ut
grounding <2,5U¢ the place of | at the place 25U+
overvoltages fault of fault
Long-term
>Uj 0,8U >U, Ui
overvoltages

5.1 Evolution of fault current indicators
Power Distribution Operators have begun to use fault current indicators when demands
from power consumers have arisen to ensure the supply continuity and power quality. The
fault current indicators are used to locate short-circuits or faults with the ground in aerial or
underground medium voltage distribution power networks, in particular. Following a fault on
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an MV line with fault current indicators, the passing of the fault current was not immediately
signalled, but it was necessary to move the exploitation staff on that line to see if the
indicators were signalling optically, informing if the fault current passes or not in the
respective area. We can say that using fault current indicators we have information about the
type of fault but not in a short time, which leads to long periods of time for the power
resupply to the consumers.

Table 5.3 - Duration of interruptions of an MV line

=0

S MV line without remote control reclosers

MV line with remote control reclosers

‘Waiting for the first maneuver in the
transformer substation MV/LV e

Reducing the number of customers
affected by interruption by using telecontrol

LV customers
LV customers

o e —

Hour Hour

Modern technology makes its presence felt in this field as well, and manufacturers offer
efficient fault locating systems and additional options that add efficiency to the supervision of
the distribution network. Mounted in telecommanded transformer substations (TS) or on
telecommanded reclosers mounted on poles, which by the means of current and voltage
transducers detect:
+ the passage through a phase of fault currents higher than a preset value
(function 51);
 the passage and direction of homopolar currents in the presence of homopolar voltage
due to the simple grounded (function 67N);
» the passage of homopolar currents in the presence of homopolar voltage due to the
double grounded (function 67N);

- presence /absence of voltage on MV phases.

5.2 MV network automation
In MV distribution networks, auto reclose cycle (RAR) is usually provided with one or
more delayed resets. The RAR device used as an automation for interrupters of an MV line,
must be programmed to perform the following cycles:
« for cable power lines: one rapid and one slow reset;

+ for aerial/mixed power lines: one quick and two slow resets.
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To activate the automation along the MV line, the transformer substations must be equipped
with:

* remote control terminals connected to the telecontrol system;

« the presence of fault indicators;

+ generating the signal for the presence of voltage on the bar;

» presence of at least one telecontrolled circuit switcher.
These logics can be programmed, activated, deactivated and cancelled by appropriate
messages.The automation logics trigger the detection and selection of faults on MV lines
taking into account two signals:

» presence / absence of voltage on the line;

* intervention of the fault detector.
The automations associated with each recloser (IMS) can be cancelled or put into operation
by telecommand. In normal regime it is provided on average the automation of three
transformer substations for each line.

Table 5.4 - MT line with automation using fault indicators

Stages /timing Actions Figure
automation RAR activation
in function 0~ .O ‘Q *.Q OQ_
RAR with two Y7 R
cycles
30sec./50sec.
RAR the IMSs are
cycle 1 automatically opened
30 sec. where the inductors are
traversed by the current
fault search, close line switch, o
the presence of | command automation » = »
voltage 4 sec. closing IMSs in turn ! * J.
fault found line trigger after H7
RARcyclel | closing IMS on fault W ' NN
50sec. | | M
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fault insulation | opens the IMS for fault s Mesa sontan

break RAR insulation and locks in - .@’ @. m/_’ * Jo—
i +

cycle 2 the open position | |

Table 5. 5 - Duration of isolating a fault

-93%
Il MANUAL (maintenance team) T 140 min
SCADA
Il ACTIVE AUTOMATION 110 min
45 min 46 min
L4 v
f . . \ 8 min . 10 min .
0 0 0 Imin <1min dmin <1 min =<2 min 3 min
Time the fault occurs - the First maneuver First partial power Fault location Integral power supply
MT line trips on the line supply of the line

It shows the results obtained over a six-month period in 2018, where three possibilities were
considered for maneuvers on MV fault lines, namely by the maintenance team (manual), by
using SCADA or if the line has active automation. We notice first hand maneuver
improvements on the MV line triggered:

- manual was done after 45 minutes;

- telecontrol was done after 3 minutes;

- automation was done under 1 minute.

5.3 SMART TECHNOLOGIES IN THE LV NETWORK

The remote control system for the MV network provides the possibility to represent the LV
network connected in the secondary of a MV / LV transformer, by means of the LV line
switches. With the help of this remote control system and the RCTs already existing in
transformer substations, it is possible to achieve for the switching equipment installed in the
LV network:

» automatic closing;

» closing / opening by remote control,

« triggering by protection in case of overload or fault.
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Figure 5. 1 - TS remote controlled both on the MV side and on the LV side
Stare Optiunl Funcli M UL B

The energy management systems of residential homes of various types are being conducted
today in an increasing number, as the distribution networks in the home area are modernized.
They will effectively become the consumer-oriented part of the smart grid. In order to
implement the "smart meter" at the customer, we need their power supply, namely TS to be
modernized including the LV part, because from this place begins the intelligent management

of customer consumption.

6 CHECKING PRIMARY EQUIPMENTS IN ELECTRICAL
DISTRIBUTION NETWORKS

The most important equipment in the distribution network are power transformers and neutral
point treatment systems and their long-term unavailability affects the stability of the energy
system. The power transformers used in electrical distribution networks are three-phase,
mounted in metal vats and usually insulated in oil. The windings on both the primary and the
secondary side are made inside, so inaccessible, and the ends of the windings are accessible
through insulators on the transformer vat. Due to the environment in which they are installed,
deficiencies may occur in their operation, and measuring the insulation resistance helps to
establish whether their values are corresponding to. The verification of power transformers
consists in:
* measuring the insulation resistance between:
c) windings - vat;
d) windings;
* measuring the resistance of the windings;

* measuring the transformation ratio;
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Figure 6. 1 - Scheme fitting checking the primary and
Secondary resistance of the transformer

7 MODELING AND SIMULATION OF NEUTRAL POINT
TREATMENT IN SIMULINK

The electrical network to be modeled was made in such a way as to be able to compare the
case in which the neutral point of the transformer is connected directly to ground, the case in
which it is connected by a resistor or by Petersen system (arc suppression coil in parallel with
the resistance). For this we used four ideal switches, controlled from a signal generator block.
The signal generator also controls the moment when the single-phase fault occurs, on the
phase marked with A.

Figure 7. 1 - Model block diagram distribution network

a) Transformer parameters in Simulink;
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Figure 7. 2 - Transformer parameter

Three-Phase Transformer (Two Windings) (mask) (link)
This block implements a three-phase transformer by using three single-phase transformers. Set the
winding connection to 'Yn' when you want to access the neutral point of the Wye.

Click the Apply or the OK button after a change to the Units popup to confirm the conversion of
parameters.

Configuration ~ Parameters
Units pu -

Nominal power and frequency [ Pn(VA) , fn(Hz) ] \[ 63e6, 50 ]

Winding 1 parameters [ V1 Ph-Ph(Vrms) , R1(pu), L1(pu) ] \[1.1e+05*0.6 0.0019 0.0875]

Winding 2 parameters [ V2 Ph-Ph(Vrms) , R2(pu) , L2(pu) ] \[10500 0.0019 0.0875]

Magnetization inductance Lm (pu) \201.2461

\
\
\
Magnetization resistance Rm (pu) ‘1800 ‘ :
\
\

Inductance L0 of zero-sequence flux path return (pu) \5.6255

Saturation characteristic [ i1, phil; i2, phi2;...](pu) [0 0;0.0014253 8.0182;0.59389 10.156]

Cancel Help Apply

b) Power line parameters in Simulink;

Figure 7. 3 - Power line parameter

Distributed Parameters Line (mask) (link)

Implements a N-phases distributed parameter line model. The rlc parameters are specified by
[NxN] matrices.

To model a two-, three-, or a six-phase symmetrical line you can either specify complete [NxN]
matrices or simply enter sequence parameters vectors: the positive and zero sequence
parameters for a two-phase or three-phase transposed line, plus the mutual zero-sequence for
a six-phase transposed line (2 coupled 3-phase lines).

Parameters

Number of phases [ N ]: ‘3 ‘ H

Frequency used for rlc specification (Hz): ‘50 ‘ i

Resistance per unit length (Ohms/km) [ NxN matrix ] or [ r1 r0 rOm ]: |[0.01273 0.3864] H

Inductance per unit length (H/km) [ NxN matrix ] or [ 1110 10m ]: [[0.9337e-3 4.1264e-3] |

Capacitance per unit length (F/km) [ NxN matrix ] or [ c1 c0 cOm ]: |[12.74e-9 7.75e-9]

Line length (km): ‘50 ‘ i

Measurements None <

Cancel Help Apply

c) Parameters of the single-phase fault in Simulink;



Figure 7. 4 - Parameter of the single-phase fault

Three-Phase Fault (mask) (link)

Implements a fault (short-circuit) between any phase and the
ground. When the external switching time mode is selected, a
Simulink logical signal is used to control the fault operation.

Parameters
Initial status: 0 B
Fault between:

Phase A 1 Phase B [ Phase C Ground

Switching times (s): [60.2/50 100/50] :| ] External

Fault resistance Ron (Ohm): |1000 [H

Ground resistance Rg (Ohm): |3 |E|

Snubber resistance Rs (Ohm): |inf ||ﬂ

Snubber capacitance Cs (F): |inf ||ﬂ

Measurements |None v|
| oK | | Cancel | | Help Apply

d) Load parameters to have a stabilized load,;

Figure 7. 5 - Simulink load parameter

Three-Phase Series RLC Load (mask) (link)
Implements a three-phase series RLC load.

Parameters  Load Flow

Configuration |Y (neutral) '|
Nominal phase-to-phase voltage Vn (Vrms) | 10.5e3 ||ﬂ
Nominal frequency fn (Hz): |50 ||ﬂ

] Specify PQ powers for each phase

Active power P (W): |1e3 E

Inductive reactive power QL (positive var): |2&2 E

Capacitive reactive power Qc (negative var): | 100 E
Measurements |None - |

| 0K H Cancel H Help Apply




7.1 ANALYSIS AND INTERPRETATION OF RESULTS IN
SIMULINK
I calculated the capacitive current by subtracting from the current entering the distribution
power line, the current coming out of it. Basically, what is lost can only be the capacitive
current; below is the calculation scheme for each phase:

Figure 7. 6 - Capacitive current measurement block diagram

i_traf_nul
M/ i_traf_nul

[i_traf_sec]

— Curenti3
i_capacitiv_a

‘ i_capacitiv_b
Lt B Ll

[i_sarcina]

i_capacitiv_c

i_traf_nul

Curenti1

[ i_traf_nul

Black blocks are measuring blocks. All measure the phase-to-ground voltage in three-phase
mode. A block simulating a fault is connected in parallel with the load. Through it connects

one or more phases to ground via configurable circuit elements.
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Figure 7. 7 - Transformer neutral point directly

grounded
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Figure 7. 9 - Transformer neutral point connected by a resistor
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Figure 7. 11 - Transformer neutral point connected by arc suppression coil in parallel
with the resistance
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Figure 7. 12 - Currents in the case of neutral point connected by arc suppression coil

in :arallel with the resistance
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Figura 7. 13 - Currents detailed representation in the case of neutral
point connected by arc suppression coil in parallel with the resistance

ple based | T=2.200

Ready

Figure 7. 14 - Comparison of capacitive and null currents between the three types of
treatments
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8 CONCLUSIONS, ORIGINAL CONTRIBUTIONS AND
FURTHER DEVELOPMENTS

Through this thesis | analyzed the optimization of the electrical distribution system
having as final goal a “smart” electrical distribution service by modifying the neutral point
treatment method in the MV distribution networks and by the intelligent technologies used in
the MV and LV networks.

The main scientific contributions | brought by this doctoral thesis are:

« conducting an analysis on the main means of monitoring the electrical distribution
network;

« performing a comparative analysis of the methods used to treat the neutral point of
MV electrical networks, highlighting the advantages and disadvantages of each
method;

» modeling and simulation of neutral point treatment in Simulink;

+ methods for limiting the isolation time of a fault in the MV distribution network;

+ distribution system optimization methods.

The research undertaken in this doctoral thesis focuses on the treatment of the secondary
neutral point of the transformers in the MV distribution networks which represent a reference
point for the three-phase voltage system. There are different ways of grounding in MT
distribution networks and the reasons for such diversity are mainly historical, because the
technical-economic choices that established them were made decades ago. As anticipated in
recent years, attention has been focused on the quality and continuity of electrical distribution
service and the need to re-evaluate the treatment of neutral point is current, due to significant
changes in both the structure of networks and regulations in force. The grounding of the
neutral point in a MV network has a direct effect on the fault current, on the transient
overvoltages and on the extinguishing/ re-ignition of the electrical arc phenomena, as
mentioned in this thesis. Based on these aspects of the electrical network | was able to make a
comparison between the various ways of grounding of the neutral point.

Also | presented new challenges for the electrical distribution system, namely the
digital transformation of the electrical distribution network and the concept of smart electrical
network. The subject is extremely important given that electrical power has become a service,
and the continuity and quality of it provided to the customer determines the efficiency of their

activities and therefore profit.
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Further Development

Smart technologies bring important benefits through better management of the electrical
distribution system as well as its remote control, but in the process of integrating them, must
be given importance to the final consumer to prevent unwanted events that may affect the
activity. The strong presence of electrical producers, especially from renewable sources, can
lead to increasing challenges for DOs regarding the management and use of the electrical
network. The new network users will be active and passive, which will lead to a radical
change in the design of unidirectional energy flows of the electrical distribution system,
which from now on will have to ensure a system of management and quality control of
services at current standards. The optimization of the electrical distribution system is a theme
always developed and studied by DO for an efficient management and a quality service of the
electricity. The use of directional fault indicators can be considered a main protection of the
MV electrical distribution network. Directionality is therefore a necessary requirement for
increasing the selectivity of interventions and for eliminating the problems arising from the
reversal of energy flows, improving the quality of the services provided. Overall, the new
technologies have clear advantages but also bring possible disadvantages if the
implementation is incomplete or defective, especially from the perspective of the current
sanctions, from the perspective of which the optimization effort without security of the energy
system can create great damage.

In concrete terms, it becomes necessary to re-evaluate the way of treating the neutral point
in the MV distribution networks, in order to establish the new type of neutral point treatment,
a measure that is the basis for a good optimization of the distribution system.

Another approach aims at implementing automation systems along the MV lines
starting from the proven flexibility in the use of fault current indicators.

This doctoral thesis is also a starting point for LV distribution networks that provide
electrical power to an impressive number of customers and | find that the amount of
information collected from these networks is small and the duration of obtaining information
is long and expensive. In order to optimize the network and to obtain the efficiency of the
distribution system, it is necessary to continuously monitor the customers with intelligent
systems that allow a proper analysis of the consumption. Thus, the implementation of
intelligent systems will become a necessity in order to achieve the economic objectives

pursued by both DO and the customer which is increasing profit.
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competences

Organisational skills and
competences

Technical skills and
competences

Attestation and awards

Computer skills and
competences

Driving license

More informations

Romanian

Understanding Speaking Writing
Listening Reading Spoken Spoken
interaction production

B2 Independent B2 Independent B2 Independent B2 Independent B2 Independent

User User User User User
B2 Independent B2 Independent B2 Independent B2 Independent B2 Independent

User User User User User
A2 Basic User |A2| Basic User |A2| Basic User [A2| Basic User |A2 Basic User

Leadership skills, distributive attention, attention to detail, emotional stability, oral and
written communication skills, the ability to share experience and knowledge gained,

Ability to analyze and synthesize in information evaluation, logical thinking, speed of
reaction, ability to develop and implement a project, ability to coordinate work teams,
ability to take initiative and respond positively in crisis situations, work organization
and working time, delegation and setting priorities.

Engineering design skills;

Authorized for the position Chief Shift MV Network Dispatcher DEDL (Bucharest
Local Energy Distribution Dispatcher);

Technical skills related to electrical equipment for electricity distribution and
information technology;

ANRE Gr IIl A + B authorization.

Training course in the field of occupational safety;
Course "Thinking for solutions";
Course "Specialization in automatic equipment for lighting networks"

AutoCAD, MathCad,
MS Office Suite (Excel, Powerpoint, Word, Acces and Outlook)
Hardware knowledge

B Category

Married, 3 children
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