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UTILIZAREA SISTEMELOR DE
ACHIZITII DE DATE PENTRU
MONITORIZAREA SI ANALIZA
SITUATIILOR CU PROBLEME iN
RETELELE ELECTRICE
IMPAMANTATE EFICIENT
CONECTATE iN STEA

Petrov Peter, Georgi Velev, Krassimir
Ivanov
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REZUMAT: Aceasta lucrare sustine dezvoltarea
capacitatilor sistemelor de achizitii de date, instalate
in substatii de putere (industriale). Sistemul de
monitorizare ar putea fi folosit pentru diferite tipuri de
greseli de inregistrare, cum ar fi. agravarea
rezistentei impamdntarii, o etapd la defectele de
cadre, o etapa la greselile pamdntului, scurt-circuite,
si sarcini ne-simetrice. Pentru fiecare caz, curentul de
impamantare ar putea fi definit folosind expresii
analitice, sugerate mai jos, in cazul in care valoarea
de rezistenta a impamdntarii este cunoscutd. Atunci
cand curentul este cunoscut, valoarea admisa de
tensiune RMS ar putea fi usor definitd.

Cuvinte cheie: sistem de achizitie de date,
rezistenta impamantarii, retele electrice

Introducere

Sistemele de achizitii de date au fost
regrupate, de asemenea, ca sisteme de
arhivare pentru a putea corela cu datele
obtinute de citre alte sisteme. In acest fel,
functia de analizda a sistemelor a fost
imbunatatita.

Pe langa sistemul de energie electrica,
sistemul de impamantare este de altfel o alta
problema cruciald. Asigurand securitatea si
functia de referinta la nivel electric, sistemele
de Tmpamantare ar putea fi de asemenea o
cale majora de zgomot si chiar ar putea
induce  probleme EMI  (interferenta
electromagnetica). Astfel, trebuie avutd o
grija deosebitd cand sistemul de impamantare
este construit, folosit si intretinut. In ultimii
ani, multe eforturi au fost facute pentru
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ABSTRACT: This paper submits expanding the
capabilities of DATA acquisition systems, installed in
(industrial) power substations. The system for
monitoring could be used for different kinds of faults
registration, as an example: grounding resistance
aggravation, one phase to frame faults, one phase to
earth faults, short- circuits, and non-symmetrical
loads. For each case, the grounding current could be
defined using the analytical expressions, suggested
bellow, when the grounding resistance value is known.
When current is known, the permissible RMS voltage
value could be easily defined.
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Introduction

DATA acquisition systems have been
merged also as archiving systems to be able
to correlate with data obtained by other
systems. In that way, the analysis function of
the systems has been enhanced.

Beside the electrical power system, the
grounding system is another crucial issue
besides. Providing the safety and electrical
reference level function, the grounding
systems also could be a major electrical noise
path and even induce EMI (electromagnetic
interference) problems. Thus, special care
must be taken when the grounding system is
constructed, employed and maintained. In the
last years, many efforts have been made for
grounding improvement.
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imbunatatirea Tmpamantarii.
Actualitatea problemei

Functia electrica de sigurantd a instalatiilor
de Tmpamantare consta in limitarea tensiunii
admise unei persoane care contacteazd cu
rame metalice impamantate de masini si alte
echipamente electrice in cazuri de situatii cu
probleme (o faza la rama cu probleme sau
contactul fazei conductorului cu
impamantare) .

Actuality of the problem

The electrical safety function of the
grounding installations consists of limiting
the admissible voltage of a person, who
contacts with grounded metal frames of
machinery and other electrical equipment in
cases of fault situations (one-phase to frame
fault or contact of phase conductor with
ground).
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Fig. 1 O faza la rama cu probleme intr-o retea
electrica impamantata eficient, conectatd in
stea, cu tensiunea nominala peste 1kV, unde
I- putere de transformare; 2 — putere de
consum

Fig. 1 One-phase to frame fault in effectively
grounded star-connected electrical power
networks with rated voltage above 1 kV,
where 1- power transformer; 2 power
consumer

Fig. 1 ilustreazd distributia potentialului
electric U in zona transformatorului de
alimentare cu energic — 1, si putereca de

consum - 2 ca rezultat al curentului Lo de
impamantare.

Daca o persoand este situatd in zona

curentului de impamantare, sunt posibile
urmatoarele riscuri §i pericole:
- Contactul cu rama metalicdi a unui
echipament electric, situat intr-un loc fix de
la electrozii de lucru de impamantare de
lucru — Rgg. in acest caz, persoana in cauza
este sub atingere de tensiune, lucru care ar
putea fi periculos si anume:

Fig. 1 illustrates the electrical potential U
distribution in the area of the power supply
transformer — 1, and the power consumer- 2
as a result of the current /, flowing

through earth.

If a person is situated in the current
flowing to earth area, the following risks
and cases of hazards are possible:

- Contact with the metal frame of an
electrical equipment, situated at a fixed
spot from the working grounding
electrode —Rgg. In that case the person is
under touch-voltage which could be
hazardous i.e.:
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u,=U,-U

(1)

unde: Vo - Potentialul electric al
electrodului de Impamantare; u .

Potentialul electric al locului fix, unde
persoana a fost situata,

Tensiunea-pas, cauzatd de posibila
diferentd de potential intre 2 puncte in zona
de curent de impamantare.

Curentul de  impamantare i
distributia potentialelor electrice periculoase
pot sa apara si in urmatoarele cazuri:

Faza nesimetrica incarca sistemul de
energie electrica trifazat si compensarea

curentului de Impamantare ca un
rezultat, a carui magnitudine ar putea fi
semnificativa;

Scurt-circuit intre conductori de faza,
ceea ce duce la efectul de mai sus;
Cadrul metalic, o faza catre cadrul gresit
(izolare intrerupta);

Agravarea rezistentei de impamantare

e, care ar putea duce la cresterea
potentialului electric la o valoarea
periculoasd, chiar dacd compensarea

curentului de Tmpamantare are o valoare

admisibila.
Cazurile specificate mai sus sunt frecvent
intdlnite in practica, care este o premisd
reald pentru accidente. Iatd de ce problema
pentru monitorizarea continud a retelelor
electrice Tmpamantate eficient, conectate in
stea este de o mare importanta.
Implementarea sistemelor de achizitii de
date trebuie sa permitd controlul neintrerupt
a valorii potentialului electric - U in locul in
care instalatia de Tmpamantare este montata
in legatura cu cazurile periculoase
comentate mai sus.

Obtinerea semnalelor de diagnosticare

In functie de tipul solului, in cazul in
care electrodul de impamantare este
ingropat, urméatoarele tipuri de tije pentru
impamantarea electrodului sunt utilizate:

- Tija de Tmpamantare verticala a
electrodului - utilizata Tn soluri omogene de
adancime;

u,=U0,-U

(1)

where: U, - Electrical potential of the
grounding electrode; U - Electrical

potential of the fixed spot, where the person

has been situated;

Step-voltage, caused by the potential
difference between 2 points in the current
flowing to earth area.

The current flowing to earth and the

hazardous electrical potentials distribution

could appear in the following cases too:

Non-symmetrical phase loads in the

tree-phase electrical power system and

compensation current flowing through the
earth as an result, which magnitude could
be significant;

Short-circuit between phase

conductors, which leads to the above

effect;

Metal frame one-phase to frame

fault(insulation break-down);

- Grounding  resistance R,
aggravation, which could lead to
increasing the electrical potential to

hazardous value, even if the compensation

current through earth has admissible value

[1].
The cases specified above are frequently
met in the practice, which is a real
prerequisite for accidents. That’s why the
problem for continuous monitoring of
effectively grounded star-connected
electrical power networks is of a great
importance. The implementation of DATA
acquisition systems shall allow
uninterruptible control of the electrical
potential value — U in the place, where the
grounding installation is mounted in relation
with the hazardous cases commented above.

Obtaining diagnostics signals

In dependence on the soil’s kind, where the
grounding electrode is buried, the following
kinds of grounding electrode rods are used:
vertical grounding electrode rod —
used in homogeneous in depth soils;
horizontal grounding electrode rod -
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- Tija de Tmpamantare orizontala a
electrodului - utilizatd in soluri cu strat
ingust.

Distributia potentialului electric la tija
de Tmpamantare verticald a electrodului ar
putea fi definitd analitic In functia [2]:

(7 )
()

U=U_-—= =

¢ («/roz +17 +lo)
In| —nuw—"uw-—7%
(‘/rg 2 —10)

Fig. 2 arata distributia potentialului electric
a Tmpamantarii tijei verticale in functie de
distanta de operare - ”; U=f() in
dependentd de diferite potentiale electrice

ale instalatiei de impamantare - Ug

(U =(24,65,100,150,220),Vy 41 caz de

dimensiuni geometrice constante ale tijei de
impdmantare.

In

2)

used in cases of narrow layer soils.
The electrical potential distribution upon
vertical grounding electrode rod could be
defined analytically according [2]:

(\/rz +12 +lo)

In
(Vo + 82 =1
u=U, = =
( 7+l +lo)
In
(Vo +82 =1
(2)
Fig. 2 shows the electrical potential

distribution of vertical grounding rod in
function with the operating distance - r;

U=f(r) in dependence on different
electrical potentials of the grounding
installation - U

8gr

(U, =(24,65,100,150,220),7") in case of

constant geometrical dimensions of the
grounding rod.

A

A
v

Fig.2 U=f(r) pentru tija de impamantare
verticald

Expresia urmatoare este folositd pentru
definirea potentialului electric a tijei de
impamantare orizontala [3]

50

25 — Ugr=24V
— Ugr=65V
40 Ugr=100 V
35 — Ugl"=1 50V
Ugr=220V

Fig.2 U = f(r) for vertical grounding rod

The following expression is used for defining
the electrical potential of horizontal
grounding rod [3]
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_Ye NP +d> +2-r
2. P +d?+2-r-2-1

Fig.3 ilustreaza dependenta U=f(r) pentru
tija de impamantare orizontala.

U

v

Fig.3 U=s(r) pentru tija de impamantare
orizontala

In practica bulgara, este folosit otelul nichelat
zinc-argintat cu o sectiune 1In cruce
rectanghulard (axb) pentru impdmantarea
tijelor de electrod. In acest caz, in expresia
(3) ar putea fi inlocuit cu diametrul
echivalent, obtinut din urmatoarea ecuatie:

a-b
d=2 - 4)
Fig. 2 si Fig. 3 arata ca, daca ambele probe
auxiliare (elecrozii) “a” si “b” sunt situati la o
distantd exacta de tija de electrod impamantat

care lucreaza, un semnal de tensiune cu o

valoare RMS exacta — (Uab) poate fi obtinut
si masurat, in dependintd de potentialul

Uy si

anume Ua =/(U,) valoarea RMS a U
poate fi folositd ca un semnal de intrare,
aducand o informatie pentru operatiunea
normald sau situatia gresitda in reteaua de
energie electrica.

electric pe electrodul impamantat -

U_Ug, I NP +d® +2-r
2. P +d*+2-r-2-1

Fig.3 illustrates the dependence U = f(r) for
horizontal grounding rod.

40

—— Ugr=24V
—— Ugr=65V
Ugr=100 V
— Ugr=150 V
Ugr=220 V

36 |
|
32 I
|
|
|

28

24

20

S
o
g _\*\
|
4 |
|
0 4
25 30 35 40 45 50

Fig.3 U = f(r) for horizontal grounding
rod

In the Bulgarian practice zinc-plated
steel busbars with a rectangular cross-section
(a x b) for grounding electrode rods is used.
In that case, in expression (3) could be
substituted with the equivalent diameter,
obtained from the following equation:

(4)
T

Fig. 2 and Fig. 3 shows, that if both auxiliary
probes (electrodes) “a” and “b” are situated at
certain distance from the working grounding
electrode rod, a voltage signal with certain
RMS value — (U, ) could be obtained and

measured, in dependence on the electrical
potential upon the grounding electrode - U,
Le. U, =f(U,).The RMS value of U,

could be used, as an input signal, bringing an
information for normal operation or fault
situation in the electrical power network.

d=2.|%b
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Definitia practica a valorii standardizate a

Uy (in conditii normale de lucru) in cazul
unei locatii exacte a electrozilor auxiliari.

Valoarea rezistentei de impamantare R, 4

fost reglementatd normativ pentru caz
concret [1]. Aceasta valoare este controlata
anual. Valoarea tensiunii de atingere admisa

Ur este de asemenea reglementatd normativ

[1]. (Valoarea RMS a Ur nu trebuie si
depdseascd 65 V la frecventa de sistem
stabilita / =501z & 24 v pentru copii si
animale domestice). Conform celor de mai

sus, curentul care trece prin electorul de lucru

1

impamantat - "¢ ar putea fi definit:

Iy == ()
U poate fi obtinutd ca in

Ig

Valoarea limita a

”

schema electricd afisatd in Fig. 4, unde

este definit la (5). Valoarea lui Iy este
ajustatd in functie de pozitia reostatului R.
Este necesar ca valoarea rezistentei de

Rg, sa fie definita in

avans pentru o calculare exactd a I,

concret.

instalare a Tmpamantarii

in caz

Practical definition of the standardized
value of U, (in normal working

conditions) in case of concrete location of
the auxiliary electrodes.

The grounding resistance value R, has been

normatively regulated for the concrete case
[1]. This value is controlled annually. The
admissible  touch-voltage value U, is
normatively regulated too [1].(The RMS
value of U, must not exceed 65 V at rated
system frequency f =50Hz, and 24 V for

children and domestic animals). According to
above, the current flowing through the

working grounding electrode - 7, could be
defined:
U
Igr = R—T (5)

Boundary value of U, could be obtained by
the wiring diagram shown at Fig. 4, where
I, is defined from (5). The value of 7, is
adjusted depending on the R rheostat’s
position. It is necessary the grounding
installation resistance R, to be defined in

”

advance for precise calculation of/,, in the

concrete case.

7 -

——— e — — —

Fig.4. Schema de conexiuni pentru definirea

U 1

valorii limitei Y« daca ‘¢ este cunoscut

I
I
I
|
I

Fig.4. Wiring diagram for defining the
boundary U, value if /,, is known
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Daci Ro <Rz (RgrR valoarea
rezistentei de impamantare reglementatad
normativ), valoarea cea mai mare adica Ry

este luatd in considerare in ecuatia (5) pentru

a obtine Iy Daca R

limitd a Ua este minimizata, ceea ce nu este

recomandat.

Cateva masuratori trebuie sa fie facute cu
diferite locatii de electrozi auxiliari "a" si "b"
in raport cu Tmpamantarea electrodului de
lucru. In acest fel, locul optim al electrozilor
auxiliari este definit in vederea atingerii

valorii maxime RMS pentru Uan.

In ceea ce priveste masurile de siguranti
electrica, trebuie sa fie folosit un
transformator pas-jos impartit galvanic cu
tensiunea secundard pana la 65 V si frecventa
S =50Hz

¢ este luat, valoarea

de sistem

Valorile limita ale Uw sunt definite prin

citirea voltmetrului. Reostatul "R" este folosit

pentru a adjusta Iy in functie de [5];

Realizarea sistemului pentru
monitorizarea impamantarii
Pentru  realizarea sistemului de

monitorizare pentru analiza situatiilor de
greseli in instalatiile de impamantare, ne
propunem utilizarea releelor de 1naltd
tensiune (de tip ABB REF541, LFZR-100 -
GEC ALSTHOM si altele) si multimetre de
energie electricd, ce sunt utilizate pentru
controlul, masuratorile §i monitorizarea
retelelor electrice de Tnaltd tensiune.

Concluzii:

Monitorizarea sistemului permite
inregistrarea urmatoarelor situatii gresite:
- Schimbarea 1n timp a rezistentei
electrodului de lucru de Tmpdmantare si

anume cazul Rer > Ror ;

- Greseala echipamentelor electrice cu
o faza la cadru (izolare intrerupta);

- Greseala la impamantare a
conductorului de faza;

- Scurt circuit intre conductorii de faza;

_» -normatively regulated

If R, <R,.(R,

grounding resistance value), the higher value
re. R is taken into consideration in

equation (5) for obtaining/,, . If R is taken,

grR

the boundary value of U, is lowered, which

is not advisable.

A few measurements have to be done with
different locations of the auxiliary electrodes
“a” and ”b” in relation to the working
grounding electrode. In that way, the optimal
place of the auxiliary electrodes is defined in

order achieving maximal RMS value forU , .

In terms of electrical safety precautions, a
step-down  galvanic-dividing transformer
with rated secondary voltage up to 65 V and
system frequency f =50Hz has to be used.

The boundary values of U, are defined by

the reading of the voltmeter. The “R”
rheostat is used to adjust /,, according to [5];

Realization of the system for grounding
monitoring

For realization of the monitoring system
for analysis of fault situations in grounding
installations, we propose the usage of high-
voltage relays (type ABB REF541, LFZR-
100 — GEC ALSTHOM and others) and
electric power multimeters, which are used
for control, measurements and monitoring of
High-voltage electrical power networks.

Conclusions:

The monitoring system allows
registration of the following fault situations:

- Change in time of the working
grounding electrode’s resistance i.e. the
case R, >R, p;

- Electrical equipment’s 1 phase-to-frame
fault(insulation break-down);

- fault to earth of a phase conductor;

- short-circuit between phase conductors;

- non-symmetrical loads;

The expression for 7, could be defined

analytically, for each of these cases in order
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- Sarcini nesimetrice;

Expresia pentru I, poate fi definitd analitic,

pentru fiecare din cazurile acestea pentru a

R

defini experimental U, unde valoarea Ko

este stiuta.
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