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Abstract. The paper presents a possibility to determine the electrical
patterns for the electrical loads through nonintrusive monitoring of their
operating regimes.

The electrical patterns are determined on the basis of the electrical
parameters acquired for each load from the electrical network analysed. The
determination of the electrical patterns is useful for the management of electrical
energy consumption.

The easiness of the nonintrusive monitoring technique is determined by the
possibility of acquiring the electrical parameters from a single measurement
point from the electrical network. From the electrical parameters acquired can be
obtained information for electrical loads consumption recognition and their
operating regimes, for certain time intervals, and it can be established the
technical condition for each load.
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1. Introduction

The dynamics of the development of the electrical system imply
requirements to ensure a high level of monitoring efficiency for the functioning
regimes for electrical equipment.

The internal services of the power substations represent a set of
electrical equipment (asynchronous motors, converters, relays, heating resistors,
lighting installations, etc.) powered in alternating and continuous current which
ensure proper functioning of the power substation (Micu, 2016; Micu, 2020).

For the monitoring of the electrical loads from the internal services it
can be used nonintrusive monitoring based on the electrical patterns of the loads
(Micu, 20193, b).

The parameters that define the electrical pattern are: applied voltage and
the absorbed current, harmonic components extracted from the alternating
current signals, the phase shift between voltage and current, the power level and
the energizing intervals for each load (Micu, 2020; Temneanu, 2012).

For the electrical installation analyzed, the determination of the
electrical pattern of the loads starts from the acquisition of the current and
voltage evolution for certain time intervals, on the basis of which is determined
the power level, the harmonic components and the phase shift. Therefore, the
loads are classified into different categories (inductive, inductive-resistive, or
resistive).

In order to establish the profile for each load, the paper includes the
simulation in the EMTP - Electromagnetic Transient Program, of these loads
and the correlation of the information extracted from the program with the
experimental results.

The electrical installation utilized for the experiment contains a heating
resistor and a synchronous motor used in the internal services circuits. These
loads are powered in alternating current. The electrical data acquisition is
realized with the MavoWATT energy analyzer.

The information regarding the applied voltage, respectively the
absorbed current is obtained using voltage and current transducers.

With the energy analyzer it was determined: the instantaneous values
for current and voltage; active and apparent powers; the phase shift between
voltages and currents; currents harmonics; connecting and disconnecting time
intervals.

The numerical results obtained in the simulation were compared with
the experimental results in order to validate the loads models used in the
simulation.
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2. Mathematical Model

The mathematical model presumes the determination of the phase shift
and the harmonic components.

A sinusoidal signal can be described by the following mathematical
relation:

X (t) = Xgsin (wt + @) 1)

where: X, represents the signal amplitude, o = 2xf represents the pulsation
and ¢ represents the phase shift of the sinusoidal signal from the origin
(Micu, 2020).

The sinusoidal signal described in the relation (1) can be represented
by a vector that rotates counter clockwise with a certain amplitude, frequency
and with a particular phase shift from the origin (Micu, 2020; Nanda, 2016;
Mondal, 2014).

In Fig. 1 is represented the evolution of the instantaneous value for a
sinusoidal signal as angular position on the trigonometric circle.
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Fig. 1 — Phasor representation of the instantaneous value of a sinusoidal signal.

The amplitude of the sinusoidal signal with the pulsation w is described
in the relation X, = X,v2, where X, represents the effective value of the
sinusoidal signal.

In the electrical systems, more often, the evolution of the electrical
parameters is non-sinusoidal, the sinusoidal signal represents the ideal case.

A non-sinusoidal signal, can be decomposed, according to the Fourier
theorem, into a series of sinusoidal signals of frequencies integer multiple of the
fundamental frequency described in the following relation (Adam et al., 2004;
Baraboi et al., 2007; Varvara, 2007; Gursoy, 2009).

X(6) = Xy + z X sin (kot + vi) @)
k=1
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where X, represents the continuous component, X, represents the amplitude of
the k order harmonic, y, is the initial phase of the k order harmonic, for k = 1 it
is obtained the fundamental signal.

3. Case Study

The paper presents a possibility of determination the electrical patterns
for the electrical loads from the internal services of the power substation, by
nonintrusive acquisition of the electrical parameters for a motor with a power of
0.5 kW and a heating resistor with a power of 700 W.

In the paper were validated the simulation data performed in EMTP tool
for an electrical installation within the internal services of the power substation
which includes one motor and one heating resistor.

The loads are powered in alternating current, at network voltage, with
the frequency of 50 Hz, according to the simplified electrical diagram presented
in Fig. 2.

Current Transducer

‘ Voltage Probe

Source @ } Heatin
Motor

resisto

l Energy Analyier

Fig. 2 — Simplified electrical diagram.

To data acquire from the electrical circuit the diagram uses the energy
analyzer which reads the information regarding the absorbed current and the
applied voltage for each load. The electrical data were acquired using voltage
and current transducers. Therefore, by using the energy analyzer were
determined the instantaneous and effective values for the voltage and current
signals, apparent power, the amplitude of the harmonic components and the
phase shift - the relation between the voltage and current signal reported to the
fundamental frequency (50 Hz), according to the Fourier theorem.

The profile for each load is identified by the phase shift determination,
and the loads are classified into the following categories: inductive, inductive-
resistive or resistive.

From the evolution of the power absorbed by each load are extracted
information regarding the operating regimes of the loads as: starting transient
regime or the normal functioning regime of the motor, connection or
disconnection of some loads, etc.
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The data obtained from the simulation are compared with the data
obtained from the experimental setup in order to determine the deviations
related to each load.

In Fig. 3 is represented the apparent power S in VA for the motor.
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Fig. 3 — Power absorbed by the motor.

The apparent power determined from the experiment, S = 457 VA, and
the apparent power determined from the simulation is S = 462 VA.

The evolution of the current signal for the starting transient regime for
the motor is presented in Fig. 4.
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Fig. 4 — Starting transient regime for the motor.

The maximum instantaneous value for the absorbed current from the
starting regime, measured from the experiment, and from the simulation, for a
single phase is | = 16 A.

In Fig. 5 are presented the evolutions of the current and voltage signals
determined for the normal functioning regime for the motor, and the current and
voltage phasors.
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Fig. 5 — Evolution of current and voltage signals and phasor diagram from the
experimental setup.
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The motor absorbs a current with the effective value of | = 1.89 A, and
the effective value of the applied voltage is 242 V.

The voltage signal is out of phase before the current signal with 81
electrical degrees.

In Fig. 6 is presented the evolution of the current and voltage for each
phase, determined from the simulation for the normal functioning regime for the
motor.
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Fig. 6 — Evolution of the voltage and current signals and the phase shift determined
from simulation.

The phase shift between the applied voltage and the absorbed current,
determined from the simulation is 83 electrical degrees.

From the phasor diagram of voltage and current phasors it can be
observed the inductive — resistive character of the motor.

The harmonic components evolution, determined for a single phase for
the motor is presented in Fig. 7.
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Fig. 7 — The evolution of the harmonic components for the motor.

From the measurements made, it can be observed that the predominant
harmonic is 50 Hz, approximately 90% due to the nonlinear character of the
magnetic circuit and also 90% for the harmonic analysis determined from the
simulation.

In Fig. 8 are presented the evolutions of the apparent powers for the
heating resistor, determined with the energy analyzer respectively from
simulation.
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Fig. 8 — Apparent power for the resistor.

The resistor absorbs an apparent power S = 700 VA. Form the simulation
made, the value of the power determined is 703 VA. The apparent power was
measured for an interval of At = 500 s and it can be observed a decrease of the
value due to the modification of the resistance as a function of temperature. In
the case of the simulation the power remains constant over time due to the
linearity of the model.

In Fig. 9 is presented the evolution of the applied voltage and the
absorbed current for the resistor, determined experimental and respectively from
simulation.
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Fig. 9 — Evolution of the electrical parameters and the phasor
diagram for the resistor.

The voltage and current signals are in phase, the phase shift is null, the
resistor has resistive character.

The effective values for the absorbed current respectively for the
applied voltage, determined from the experiment are: 1 =2.87 Aand V =244 V.

The effective values for the electrical parameters, voltage and current,
determined from the simulation are: 1 =3.07 Aand U =229 V.

In Fig. 10 is represented the evolution of the harmonic components
determined from the experiment respectively from the simulation, for the

resistor.
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Fig. 10 — Evolution of the harmonic components for the resistor.

The predominant harmonic component for the resistor is 50 Hz,
approximately 95% determined from the experiment respectively 99%
determined from simulation.

In Table 1 are presented the values of the electrical parameters for the

loads.
Table 1
Electrical Parameters of the Loads
Experimental Simulation
Load S lrms Urwms Phase S lrms Urwms Phase
VA) | (A V) Shift (VA) (A) V) Shift
@) @)
Motor 457 1.89 242 81 462 2.02 | 229 83
Resistor | 700 2.87 244 0 703 3.07 | 229 0

The deviations from the values determined from the simulation
compared with those determined from the experiment indicate the need to
improve the models in the simulation.

The deviations are determined by the nonlinear characteristic of the
magnetic circuit of the motor, and by the modification of the resistance as a
function of temperature in the case of the resistor.

4, Conclusions

The paper presents a nonintrusive method for the determination of the
electrical patterns for the loads from the internal services of the power
substation.

The electrical pattern consists in the determination of the phase shift
between the absorbed current and the applied voltage, harmonic components
which identify the distortion variations from the electrical installation analysed,
power consumed and the connection and disconnection time intervals of the
loads.
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By comparison the data obtained from simulation with the data obtained
from experimental data, are validated the loads models used in numerical
simulation.
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DETERMNAREA NEINVAZIVA A AMPRENTELOR ELECTRICE
ALE CONSUMATORILOR
(Rezumat)

Lucrarea prezinta o posibilitate de determinare a amprentelor electrice ale
consumatorilor prin monitorizarea neintrusiva a regimurilor de functionare ale acestora.
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Amprentele electrice sunt determinate pe baza parametrilor electrici achizitionati pentru
fiecare consumator din schema electricd analizata. Determinarea amprentelor electrice
este utila pentru managementul consumului de energie electrica. Usurinta monitorizarii
neintrusive este determinata de posibilitatea achizitiei parametrilor electrici dintr-un
singur punct de masura din instalatia electrica. Prin intermediul parametrilor electrici
achizitionati se pot obtine informatii privind recunoasterea consumatorilor si regimul de

functionare al acestora, pe anumite intervale de timp, si se poate stabili starea tehnica a
lor.
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