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Rezumat: Monitorizarea calitatii energiei electrice care circuld intre retelele producatorilor, transportatorilor,
distribuitorilor §i furnizorilor acestui produs, constituie una dintre problematicile moderne ale pietei interne de
energie, reglementate de Directive ale Parlamentului gi Consiliului European. Articolul prezinta principalele notiuni
referitoare la calitatea energiei electrice (componentd, indicatori de calitate etc.), definite in unele dintre cele mai
cunoscute lucrari de specialitate si publicatii din domeniu, precum i posibilitatea laboratorului Marimi Electrice de
a simula perturbatii ale tensiunii din retelele publice de alimentare cu energie electricd, ai caror parametri de
calitate sunt reglementati de SR EN 50160. Acest standard are la baza standardul european elaborat si publicat de
Comitetul Tehnic 8X al CENELEC. In acest scop, articolul prezintd rezultatele obtinute cu ajutorul unui instrument
declarat de producator ca fiind de clasa A, conform cu cerintele SR EN 61000-4-30, la masurarea parametrilor de
calitate pentru goluri de tensiune. Perturbatiile au fost generate cu ajutorul unui etalon de putere cu injectie de
armonice, trasabil la SI in conformitate cu certificatele de etalonare emise de un laborator acreditat UKAS.

Cuvinte cheie: calitatea energiei, gol de tensiune

Abstract: Monitoring the electricity circulating through the producers, transporters, distributors and delivers
networks of this product, is one of the modern issues of the intern electricity market, regulated by directives of The
European Parliament and Council. The paper presents the main notions concerning the power quality (component,
indices of quality etc.), defined in some of the best known specialized works and publications in the field, and the
possibility for the Electrical Quantities laboratory to simulate perturbations of the voltages from the public
electricity supplying networks, whose power quality parameters, are regulated by SE EN 50160. This norm is based
on the European Norm issued and published by the Technical Committee 8X of CENELEC. For this purpose, the
paper presents the results obtained by using an instrument declared by the producer as being of class A, conforming
the requirements of SR EN 61000-4-30, for the measurements of the quality parameters for the voltage dips. The
perturbations were generated using a power standard with harmonics injection, traceable to SI, in accordance with
the calibration certificate issued by an UKAS accredited laboratory.
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11. INTRODUCERE

Calitatea energiei electrice reprezintd o
notiune care cuprinde, in general, urmatoarele
aspecte [1]:

- calitatea alimentarii (determinata de
evaluarea continuitatii in alimentarea cu energie
electricd);

- calitatea tensiunii (determinatd prin
evaluarea abaterilor de la forma sinusoidala a
curbelor méarimilor electrice, a abaterilor de la
simetria marimilor pe cele trei faze, a abaterilor
fatd de frecventa nominala si fatd de tensiunea
nominald);

- calitatea comercialda (determinata de
evaluarea  relatiei  dintre  furnizorul  si

1. INTRODUCTION

The power quality (PQ) is a notion generally
including the following problems [1]:

- the quality of the supply (determined by
the evaluation of the continuity of electricity
supply);

- the quality of the voltage (determined by
the evaluation of the deviations from the sin
form of the electrical amounts curves, of the
deviation from the balance of the three phases
quantities, of the deviations from the nominal
frequency and from the nominal voltage);

- the commercial quality (determined by
the evolution of the relation between the



consumatorul de energie electrica).

Dupa cum este prezentat in [1] si [2],
calitatea energiei electrice poate fi perturbatd de
fenomenele electromagnetice, definite si
descrise in seria de publicatii 61000 ale CT 77
[3] din cadrul CEI [4]. Din acest punct de
vedere, cele mai importante perturbatii de natura
electromagneticd sunt: abaterea de frecventa,
abaterea de tensiune, fluctuatiile de tensiune,
golul de tensiune, intreruperea de lungd durata,
intreruperea de scurtd duratd, supratensiunea
tranzitorie, efectul de flicker, armonicile si
interarmonicile de tensiune si de curent,
nesimetria de tensiune.

2. DEFINITII PRIVIND GOLURILE SI
INTRERUPERILE DE TENSIUNE

Articolul prezinta rezultatele obtinute la
masurarea parametrilor de calitate pentru golul
de tensiune, pentru care, in publicatiile [5], [6],
[7] sunt definite urmatoarele notiuni:

- gol de tensiune: o reducere brusca a
tensiunii intr-un anumit punct al unei retele
electrice de alimentare sub un anumit prag
specificat, urmatd de o revenire dupad un scurt
interval de timp;

- Intrerupere de scurtd durata: o reducere
bruscé a tensiunii sub o valoare de prag, pe una
sau mai multe faze, intr-un anumit punct al
retelei de alimentare, cu revenirea tensiunii in
banda admisd, urmatd de o revenire dupda un
scurt interval de timp;

- tensiune de referinga: valoare specifica pe
baza careia adancimea golului, pragurile si alte
valori sunt exprimate In procente; tensiunea
nominald sau tensiunea declaratd contractual
(Uc) este deseori aleasa ca tensiune de referinta;

- prag de start al golului de tensiune (Ugar):
valoare efectiva a tensiunii retelei de alimentare
specificata In scopul de a defini inceputul unui
gol de tensiune; valorile tipice utilizate pentru
acest prag sunt situate Intre 85% si 95% din
tensiunea declarata (Uc) ;

- prag de stop al golului de tensiune (Usqp):
valoare efectivdi a tensiunii sistemului de
alimentare specificatd cu scopul de a defini
sfarsitul unui gol de tensiune;

- prag de intrerupere de tensiune (Uinierupere):
valoare efectiva a tensiunii retelei de alimentare
specificatad cu scopul de a defini o limita, astfel
incat, un gol de tensiune care scade sub aceasta
este clasificat ca o intrerupere de scurta durata;

- tensiune reziduald (U,,): valoare minima a
valorii efective a tensiunii de faza in timpul unui
gol de tensiune sau a unei intreruperi de scurta
durata;

- addncime (AU,): diferenta dintre tensiunea
declarata (Uc) si tensiunea reziduala (Us,) ;

- durata golului de tensiune (Aty): durata de
timp dintre momentul initial (t;) in care tensiunea
intr-un anume punct al retelei de alimentare

deliverer and the consummer of electricity).

As shown in [1] and [2], the power quality
may be perturbed by some of the
electromagnetic phenomena, defined in the
series of publication 61000 of the TC 77 [3]
from IEC [4]. From this point of view, the
most important disturbances of electromagnetic
nature are: the frequency deviation, the voltage
deviation, the voltage fluctuations, the voltage
dips, the long-term interruption, the short-
term interruption, the transient over voltage,
the flicker, the voltage and current harmonics
and interharmonics, the voltage unbalance.

2. DEFINITIONS CONCERNING THE
VOLTAGE DIPS AND INTERRUPTIONS

The paper presents the results obtained
during the measurement of power quality
parameters for the voltage dip, for which, in the
references [5], [6], and [7] are defined the
following notions:

- voltage dip: sudden reduction of the
voltage at a particular point on an electricity
supply network below a specified threshold
followed by its recovery after a brief interval ;

- short interruption: sudden reduction of the
voltage on all phases at a particular point on an
electricity supply network

below a specified threshold followed by its
restoration after a brief interval ;

- reference voltage: value specified as the
basis on which depth, thresholds and other
values are expressed in percentage terms ; the
nominal or declared voltage (Uc) of the supply
network is frequently selected as the reference
voltage ;

- voltage dip start threshold: root-mean-
square value of the voltage on an electricity
supply network specified for the purpose of
defining the start of a voltage dip;

- voltage dip end threshold: root-mean-
square value of the voltage on an electricity
supply network specified for the purpose of
defining the and of a voltage dip;

- interruption threshold: root-mean-square
value of the voltage on an electricity supply
network specified as a boundary such that a
voltage dip in which the voltage falls below it is
classified as a short interruption ;

- residual voltage: minimum value of the
r.m.s. voltage recorded during a voltage dip or
short interruption

- depth ( AUy: difference between the
reference voltage and the residual voltage

- duration: time between the instant at



scade sub pragul de start si momentul final (t) in
care creste peste pragul de stop.

Golurile sunt perturbatii bidimensionale [1],
caracterizate de [6]:

- amplitudine sau adancime: ( 10 %Uc¢ <
AU,<99%Uc) ;

- durata: (10 ms< At, < 1 min).

Intreruperile de scurtd durati sunt goluri de
tensiune, in care Ur, < 1 % Uc si 10 ms < At, <
3 minute.

In figura 1 este prezentata forma simplificata
de reprezentare a unui golul de tensiune, in
conformitate cu definitiile de mai sus.

which the voltage at a particular point on an
electricity supply network falls below the start
threshold and the instant at which it rises to the
end of the threshold.

The dips are two-dimensional disturbances
[1], characterised by [6] :

- amplitude or depth: ( 10 %Uc < AU, <
99%Uc)

- duration: (10 ms< At, < 1 min).

The short-term interruptions are dips, for
which Ui, < 1 % Uc and 10 ms < At, < 3
minutes.

In figure 1 is presented the simplified
representation form of a voltage dip, in
accordance with the above definitions.

At
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Fig. 1: Forma simplificatd a unui gol de tensiune
Fig. 1: Simplified form of a voltage dip

3. PREZENTAREA MODULUI DE LUCRU
SI A REZULTATELOR OBTINUTE

Lucrarea se refera la determinarile efectuate
asigura trasabilitatea la SI a instrumentatiei
utilizate la masurarea parametrilor golurilor si
intreruperilor de tensiune.

In acest scop, au fost comparate valorile
programate/afisate si generate de etalonul de
putere cu injectie de armonice [8] din dotarea
laboratorului, cu valorile afisate de un
instrument specializat [9], alimentat de la
bornele acestui etalon.

3. PRESENTATION OF THE PROCEDURE
AND OF THE OBTAINED RESULTS

The paper refers to the determinations
performed for the study of the laboratory
possibilities of assuring the SI traceability for
the instrumentation used to measure  the
parameters for voltage dips and interruptions.

For this purpose, the programmed/displayed
and generated values from the laboratory own
power standard with harmonics injection [§]
were compared to the displayed values of a
specialized instrument [9], that was supplied
from the front connectors of this standard.



3.1. Caracteristicile tehnice si metrologice ale
etalonului

Pentru simularea efectului de gol de
tensiune, a fost utilizat etalonul de putere cu
injectic de armonice [8], cu caracteristicile
tehnice reprezentative pentru aceasta lucrare:

- valori efective ale tensiunii periodice
generate: 1...1008V;

- numdrul de armonice programabile: 100
(inclusiv cea fundamentald);

- adancimea maxima a golului de
tensiune generat: 0% din tensiunea de referinta
selectata;

- exactitatea adancimii golului: + 0,25 % din
nivel;

- durata golului de tensiune: 1 ms...1 minut.

3.2. Programarea etalonului de putere cu
injectie de armonice

Fenomenul de gol de tensiune a fost
programat de la tastatura calibratorului etalon cu
injectic de armonice, in conformitate cu
instructiunile de la 4-38 din [10].

In figura 2 este prezentatd forma de undi a
golului modelat conform acestor instructiuni,
iar in figura 3 este prezentatd forma golului de
tensiune afisatd pe ecranul calibratorului,
obtinutd In urma programarii acestuia.

uv) A

3.1 Technical and metrological specifications
of the standard

For the simulation of voltage dip was used
the power standard with harmonics injection [8],
having the following technical specifications
that are representative for this work:

- root-mean-square values for the generated
periodic voltage: 1...1008V;

- number of programmable harmonics: 100
(including the fundamental one);

- maximum depth of the generated voltage
dip: 0% selected reference voltage;

- accuracy of the voltage dip depth: + 0.25
% from the level,;

- duration of the voltage dip: 1 ms...1 min.

3.2 Programming of the power standard with
harmonics injection

The voltage dip phenomenon was
programmed from the keyboard of the power
standard with harmonics injection, according to
the instructions given in 4-38 from [10].

Figure 2 shows the waveform of the voltage
dip modeled according to these instructions, as
well as in Figure 3 is presented the voltage dip
form shown on the power standard screen,
obtained after its programming..
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Fig. 2: Parametri de programare a golului de tensiune generat de calibratorul cu injectie de armonice
Fig. 2: The programmed parameters of the voltage dip generated by the power standard with
harmonics injection
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Fig. 3: Afisajul etalonului de putere cu injectie programat pentru a genera un gol de tensiune
Fig. 3: The display of the power standard with harmonics ijection programmed to generate a voltage dip

3.3. Caracteristicile tehnice si metrologice ale
instrumentului  utilizat la  masurarea
parametrilor golului de tensiune

Maisurarea parametrilor pentru golul de
tensiune simulat in cadrul laboratorului cu
ajutorul etalonului de putere [8] a fost efectuata
cu instrumentul [9], declarat de producator ca
fiind in conformitate cu cerintele standardului
international CEI 61000-4-30 [7]. Principalele
caracteristici tehnice ale acestui instrument
sunt urmatoarele :

- valori efective ale tensiunii periodice
masurate: 1...1000 V;

- adancime a golului de tensiune masurat:
0,0% ...100% din tensiunea de referinta
(tensiunea declarata Uc);

- exactitate de masurare a adancimii golului:
0,25% din tensiunea de referintd (tensiunea
declarata Uc).

Acest instrument masoara si afiseaza, atat
variatia In timp a valorii efective a tensiunii
periodice prin intermediul unui grafic trasat in
timp real, cat si parametri de calitate pentru
fenomenele de gol sau intreruperi de tensiune.

De asemenea, In timp ce instrumentul
masoard un semnal de tensiune si detecteaza o
perturbatie de tensiune (ex. gol sau intrerupere
de tensiune), poate afisa in ferestre diferite,
deschise prin actionarea tastelor de la baza
ecranului, urmatoarele informatii:

- data si ora la care a avut loc evenimentul;

- tipul evenimentului (ex.: gol/intrerupere);

- tensiunea de referinta;

- tensiunea minima la un gol de tensiune;

- durata evenimentului, cu rezolutie de 10
ms.

In figura 4 sunt prezentate informatiile
afisate de instrumentul de masura [8], alimentat
de la bornele de tensiune ale etalonului de putere
[9] programat, conform 3.2.

3.3 Technical and metrological specifications
of the instrument used for the measurement of
voltage dip parameters

The measurement of the voltage dip
parameters simulated in the laboratory with the
help of the power standard [8] was performed by
the instrument [9], declared by the producer as
being in conformity with the requirements of the
international norm IEC 61000-4-30 [7]. The
main technical specifications of this instrument
are:

- root-mean-square values of the measured
periodical voltage: 1...1000 V;

- measured depth of the voltage dip:
0.0%...100% from the reference voltage
(declared voltage Uc);

- accuracy of the depth of the voltage dip:
0.25% from the reference voltage (declared
voltage Uc).

This instrument measures and displays the
variation in time of the periodic voltage r.m.s.
through a graph plotted in real time as well as
the quality parameters for the phenomena of dip
or voltage interruption.

While the instrument is also measuring a
voltage and is detecting a voltage perturbation
(e.g. voltage dip or interruption), it can display
in different windows, opened by the pushing of
the key placed below the display, the following
information:

- date and hour when the event took place;

- type of event (eg: voltage dip/interruption);

- reference voltage;

- minimum voltage in the case of a dip;

- duration of the event, with 10 ms
resolution.

In figure 4 are given the informations
displayed by the measuring instrument [8],
supplied from the voltage terminals of the power
standard [9] programmed in accordance to 3.2.
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Fig. 4: Forma golului masurat cu instrumentul declarat de fabricant conform cu cerintele clasei A din

EN 61000-4-30 [7]

Fig. 4: The form of the dip measured with the instrument declared by the manufacturer as being in

3.4. Rezultatele masurarilor efectuate

In cadrul lucrarilor efectuate la compararea
celor doud mijloace de masurare, [8] si [9],
pentru parametri de calitate ai golurilor de
tensiune, au fost obtinute rezultatele prezentate
sintetic in Tabelul 1.

conformity with the class A requirements from EN 61000-4-30 [7]

3.4 The results of the performed measurements

The values obtained within the comparison
of the two measuring instruments [8] and [9] for
the quality parameters of the voltage dip, are
presented in Table 1.

Tabelul 1: Valori ale marimilor caracteristice golului de tensiune, programate la etalonul de putere in

conformitate cu indicatiile de la 4-38 din [10] si masurate cu instrumentul [9]

Table 1: — Values of the voltage dip parameters, programmed to the power standard according to the
indications given in 4-38 [10] and measured with the instrument [9]

Punct Valori programate la etalon (E) Tensiune de Tensiune Durata golului
masurare Programmed values to the standard referinta reziduala de tensiune
Measuring Reference Residual voltage | Voltage dip
point voltage Uz (V) duration
Ud(V) t; (s)
tl(S) t (S) t3 (S) t4 (S) ts (S) Urez (V) Uc (E) Uc (X) Urez (E) Urez (X) t3(E) t3(X)
1 1,00/ 0,01 | 1,00 | 0,01 | 1,00 | 80 (%)Uc | 230,0 | 230,1 | 184,0 183,9 | 1,00 | 1,01
2 4,00| 4,00 | 4,00 | 4,00 | 4,00 | 60 (%) Uc | 230,0 | 230,1 | 137.8 137,6 |10,00| 10,19
3 4,00| 6,00 | 1,00 | 6,00 | 4,00 | 40(%) Uc | 230,0 | 230,1 | 92,0 91,7 |11,00| 11,17




3.5. Interpretarea rezultatelor

In [1]si [5], se arata ca, evaluarea golurilor
si a Intreruperilor de tensiune de scurta durata se
obtine, 1n principal, prin utilizarea metodei
esantionarii pentru determinarea valorii efective
a tensiunii pe o jumatate de perioada. Aceasta
valoare, notatd cu Urp, se obtine cu relatia:

\F T/2 R 2 N/2 )
= =0 o |—=

Ur T ‘!-” @O @) NDIZ“Q
unde:

- T(s)— 1/f (Hz) ; pentru f= 50 Hz, T/2 =10
ms ;

- N — numarul de esantioane pe o perioada a
tensiunii alternative ;

- U, — ,indltimea” esantionului de rang i.

Valoarea efectivi a tensiunii masuratd cu
instrumentul [9] este afisatd pe ecranul acestuia
cu o exactitate ce depinde de numarul de
esantioane achizitionat si de exactitatea de
determinare a frecventei in retea.

Conform [7], pentru un instrument de clasa
A, cerintele referitoare la incertitudinea de
masurare a parametrilor unui gol de tensiune
sunt urmatoarele:

- incertitudinea de masurare a valorii
efective a tensiunii determinatd pe o
semiperioadd nu trebuie s depaseasca + 0,2%
UC 5

- incertitudinea de masurare a duratei unui
gol de tensiune este cel putin egala cu 20 ms,
deoarece este determinatd de incertitudinea de
masurare a duratei de la inceputul golului (o
semiperioadd) si de incertitudinea de masurare a
duratei de la sfarsitul golului (o semiperioada).

Din analizarea rezultatelor prezentate in
Tabelul 1 se obsearva ca instrumentul masoara
valorile efective ale tensiunii si durata golului in
limitele cerintelor recomandate de [7].

4. CONCLUZII

Avand in vedere, ca etalonul de putere cu
injectie de armonice este trasabil la SI, in
conformitate cu certificatul de etalonare [11]
emis de un laborator acreditat UKAS [12],
rezultatele prezentate in Tabelul 1 dovedesc ca
Laboratorul Marimi Electrice din cadrul BRML
— INM dispune de posibilitatea de a etalona
instrumentatia utilizata la masurarea
parametrilor de calitate 1n cazul golurilor de
tensiune si a intreruperilor de scurtd durata.

3.5 Interpretation of the results

In [1] and [2], it is shown that the evaluation
of the voltage dips and short interruptions is
mainly obtained by using the sampling method
for the determination of the r.m.s. for a half a
period (T/2). This value is rated Ur, and is
obtained with relation:

2 T/2 5 2 N/2 5
Ur) 2\/;D‘!-” O U N%uei

where:

-T(s)—1/f(Hz); for f =50 Hz, T/2=10
ms

- N — number of samplings during one
period of the alternating voltage

- U, — ‘height’ of the i sampling order

The r.m.s. value of the voltage measured
with the instrument [9] is displayed on its screen
with an accuracy depending on the number of
samplings and on the accuracy of determining
the frequency in the network.

According to [7], for a class A instrument,
the requirements referring to the measuring
accuracy of a voltage dip parameters are the
following:

- the measuring uncertainty for the r.m.s.
value of the voltage determined for 1/2T must
not exceed + 0.2% Uc,

- the measuring uncertainty of a voltage dip
duration is at least 20 ms, because it is
determined by the measuring uncertainty of the
duration from the biginning of the voltage dip
(1/2 T) and by the measuring uncertainty of the
duration at the end of the voltage dip (1/2 T).

By analyzing the results presented in Table
1, one notes that the instrument is measuring the
r.m.s. values of the voltage dip and its duration
in the recommended limits of the requirements
from [7].

4. CONCLUSIONS

As the power standard with harmonics
injection is traceable to SI, in accordance with
the calibration certificate [11] issued by an
UKAS [12] accreditated laboratory, the results
shown in Table 1 prove that the Electrical
Quantities laboratory of the BRML — INM has
the capacity of calibrating the instrumentation
used for the measurement of power quality
parameters in the case of the voltage dips and
short-time interruptions.
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