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A METHOD FOR DETERMINING LOCATION OF VOLTAGE FLUCTUATIONS
SOURCE IN ELECTRIC GRID

Purpose. The purpose of work is development of a method of definition of the location of a source of fluctuations of voltage.
Methodology. The reasons of emergence of fluctuations of voltage at an arrangement of a source both in power lines, and in the
consumer's networks, are connected with changes of consumption and active and reactive capacities. As criterion for definition of
the location of a source of fluctuations of voltage we choose change of size of the active power received by reception substation on
equivalent communication with system. The source of fluctuations of voltage is external for the consumer if emergence of fluc-
tuations of voltage leads to the coordinated changes of tension and consumed in the area of active power that corresponds to a
condition of the positive regulating effect of active loading on voltage (1). The source of fluctuations of voltage is internal for the
consumer if emergence of fluctuations of voltage leads to counter changes of tension and consumed in the area of active power
that resembles a condition of the negative regulating effect of active loading on voltage superficially (6). Results. The method of
definition of the location of a source of fluctuations of voltage in an electric network which, works by the principle of an assess-
ment of correlation of change of power and tension in a power supply network is developed. The method allows to consider shift
between extrema of curves of change of voltage of U(®) and power of P, (t). Originality. The method of definition of an ar-
rangement of a source of fluctuations of voltage is developed. Practical value. The answer to this question where the source of
fluctuations of voltage (in the territory of the consumer is located or in an external network) confirmed with the determined cal-
culation, can form a basis of the expert opinion for the solution of legal disputes at an assessment of the damages caused by poor
quality of electric energy. References 5, figures 4.

Key words: quality of the electric power, indicators of quality of the electric power, fluctuation of voltage, source of
fluctuation of voltage, curve of change of voltage, curve of change of active power, definition of responsibility.

Ilpeonosicen memoo Koppenayuu Konedanuii MOUWHOCMU U HANPANCEHUA, KOMOPbLI NO360IAEM ONpedensims Mecmo pacnono-
JHcenun UCMOYHUKA KOJIeOanuil HAnPANCEHUA 8 cucmeme nekmpocuabicenun. bubn. 5, puc. 4.

Knrouesvie cnosa: Ka4ecTBO 3JEKTPOIHEPrUHU, NOKA3ATEIU KAYECTBA 3JIeKTPOIHEPIHHU, KoJIe0aHUsl HANPSKEHHs, HCTOYHHK
KO0JIe0aHUsI HANpsKeHHsl, KPUBas M3MEHEHHUsl HANpSKeHHWsl, KpPUBasi M3MeHeHHsl AKTHBHOH MOIIHOCTH, ONpejeeHHst
OTBETCTBEHHOCTH.

Introduction. In terms of defining the subjects par-
ticipating in the responsibility for violation of require-
ments of power quality (PQ) in determining the source of
voltage fluctuations (VF) in the system of power supply
to consumers, with a light load, the main issue is the loca-
tion of the VF source: on the territory of the consumer or
in the external network. The answer to this question, con-
firmed by a deterministic calculation, can be the basis of
expert opinion to resolve legal disputes in the assessment
of damages caused by the poor quality electrical energy.

We are talking about systematic VF which are recur-
ring in nature, and which may be at some interval measur-
ing time 7 to characterize by the number of voltage
changes m, voltage repetition changes rate Fs;; and other
indicators relevant VF [1].

Sources of VF are powerful power-consuming
equipment with a pulse, sharply changing nature of con-
sumption of active and reactive power: arc and induction
furnaces; electric welding machines; electrical motors
during starting.

Problem definition. From the consumer’s point of
view the VF source may be placed in its electric networks
or networks of other users. In the first case, if the system-
atic VF exceed the allowable value, the consumer must
take action to reduce the level of fluctuations. In the sec-
ond one — VF at consumer external factor identified as
coming to him through the networks of electricity sup-
plier. In this case, responsible for carrying out measures
to reduce the level of the VF is a supplier.

The goal of the work is the development of a
method for determining the location of the VF source.

The information necessary for determining the posi-
tion of the VF source can be obtained by analyzing the
parameters of the current mode of the power supply. As it
is known, the regulatory effect of the active load voltage
is almost always positive [2]

aPload/aU>0' ey

Therefore, reducing the voltage decrease caused by
external factors will reduce the load active power. Ac-
cordingly, an increase in voltage caused by external fac-
tors, will lead to an increase in the load active power.
With regard to reactive power, the regulatory effect of the
reactive load voltage is also positive (0Quq / OU > 0) if
the voltage exceeds a critical value (U > U,,). With deep
voltage brownouts (U < U,,) regulating effect of reactive
load voltage becomes negative (00, / 0U<0). Taking
into account that for the tires 110 kV critical voltage can
reach values of the order 0.8U,,, [2], the use of reactive
power change as a criterion must be confirmed by addi-
tional research.

If the voltage change is caused by internal factors,
then the object in question the voltage drop do not cause
changes in other parameters of the regime, but the conse-
quence.

Results of investigations. We represent the power
supply of the consumer in the form of equivalent circuit
(Fig. 1) in which E, is the equivalent EMF of the sys-
tem; U is the voltage on the busbars of the receiving sub-
station; Zg is the equivalent resistance of the connection
with the system; Z, is the equivalent resistance of the
load of the enterprise.
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Fig. 1. Equivalent circuit of the customer power supply

Changing of the voltage U on the tires of the receiv-
ing substation caused by external to the electrical network
of the consumer exposure, it can be seen as a consequence
of changes in the EMF of the system E|,,,. On the assump-
tion of the immutability of the load resistance (Zj,y =
const) Ej,, reduction reduces the current / on the load
lines and power consumer P44, raising E,,, — to increase
of I and Py, In fact, when changing the voltage U the
load resistance Z;,,; may vary somewhat, but in general,
this change corresponds to a positive regulatory effect of
active load by voltage [4, 5].

If the source of the VF is located in the electrical
network of the consumer, the voltage U changes in the
tires of the receiving substation is due to varying load at
constant EMF of the system (£, = const). The voltage U
is determined by the loss of voltage on resistance of the
connection with the system Z,, [5]. If we neglect the
transverse component of the voltage drop, which is typi-
cal of the distribution networks, we can write:

Pload Fsyst + Qload *Xsyst

U = ESySt - U s (2)

where P4, Oiaa are the powers of active and reactive
consumer’s load.

In accordance with (2) a prerequisite to reduce the
voltage U tire receiving substation at E,,, = const is to
increase the voltage loss in the equivalent connection with
the system and, hence, the numerator in the fractional part
of the formula:

|_(Pload + Apload ) rsyst + (Qload + AQload ) xsyst J_
- Pload Tsyst +Qload “Xsyst >0,

where APjyuq t jAQ)aa 18 the increment of power caused
VF

)

The increase of U will be observed in the case when
the inequality (3) will change its sign. This is possible if
the power increments will be negative (4P;,4<0;
4 Qload<0)~

This implies changes in the conditions of the power
load, causing the VF. At a negative voltage change AU:

AU < 0; )
Apload Fsyst + AQload “Xsyst >0,
At a positive voltage change AU:
AU > 0;
)
APload syst + AQloaa' “Xsyst <0.

Condition (5) is necessary for the emergence of the
VF at the source location in the networks of the con-
sumer, but is not sufficient. Conclusion sufficient condi-
tions for the task is not required, since the aim is not to
establish the fact of VF (VF is fixed by measurement),
and the definition of the source location.

The causes of VF at the location of the source in the
power network, and the network user, are associated with
changes in consumption and active and reactive power.
As a criterion for determining the place of supply VF

location chosen change in the active power received by
the receiving substation for connection with an equivalent
system.

VF source is external to the consumer, if the occur-
rence of the VF resulting in consistent voltage changes
and consumed active power line that corresponds to the
condition of a positive regulator of active load voltage
effect (1).

VF source is internal to the consumer, if the VF oc-
currence leads to changes in the counter-voltage and con-
sumed active power line that resembles the condition of
negative regulatory effect of active load by voltage:

aPloaa’/aU<0 : (6)

Conditions (1) and (6) correspond to the static load
characteristics and can be used in the absence of load the
motor component of the consumer. In general, with the
dynamic characteristics of the engines, the criteria for
determining the location of the source VF requires clarifi-
cation as voltage curves of the U(f) and active power
P,.(t) may have a time shift 7. k, factor which takes into
account dynamic characteristics unlike the static, usually
in the range k; = 0.7+1 [3]. The physical meaning of the
coefficient — the ratio of acceleration (or deceleration)
durations k; =t,/ts, defined by static (¢,) and dynamic
(tayn) characteristics. At the conditions of regular VF in
distribution networks when the swing changes 6U; voltage
is not so large to cause equipment failures, and constant
inertia is much lower than on the interconnections, should
expect k, values close to unity. At the same time, at inter-
vals averaging close to extrema instead of criterion (1) the
criterion (6) may be falsely recorded. The probability of
error increases with the frequency of recurrence Fjy, of
voltage changes.

To take into account for a possible shift between the
extremes of the curves of changes of the voltage U(f) and
power P,,,(?) it is advisable to make a parallel analysis of
these characteristics. We consider a characteristic of
change in the rms of the voltage U on the consumer tires
To simplify the analysis we assume that the curve U(¢) of
voltage change is continuity of an arbitrary shape (Fig. 2).
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Fig. 2. Characteristics of voltage fluctuations U(%),
the first U'(¢) and the second U’(¢) voltage derivatives

The smoothed shape of oscillations, in varying de-
grees, it is assumed in any case, as the information is re-
ceived will be the integration of Instant Mode parameters
for the averaging interval z. The minimum value of
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should be sufficient to convert the instantaneous voltage u
in the rms U (of the order of one period of the fundamen-
tal frequency).

In the considered problem we should focus on the
averaging interval 7 that according to GOST [1], complies
with the requirements for other indicators of quality of
electric energy, which are long-lasting changes in voltage
characteristics (voltage asymmetry coefficients for re-
verse K,y and zero Ky sequences ratio distortion sinusoi-
dal voltage curve Ky coefficient of the n-th harmonic
component of voltage Ky).

Whatever the curve of the voltage U(?) at regular VF
it is inherent in the existence of local extremes (see Fig. 2)
availability of extremum conditions are known [4]. A
necessary condition of the extremum of the function U(f)
at the point ¢ is the fact that its derivative at this point
U'(¢,) is either zero or does not exist.

If at the point ¢ the function U(f) has an extreme,
and this is the maximum, then going through the # point f
the derivative changes sign from positive to negative; If at
the point ¢ = ¢ function U(¢) has a minimum — from minus
to plus. If the derivative U'(f) when passing through the
point ¢; does not change sign, the extremum at the point ¢
is absent.

To estimate the extremum sign it is possible using
the second derivative. If at the point ¢ extremum is
reached, and U"(#;) < 0 then the point ¢ = ¢ the function
U(#) has a maximum; if U"(#) > 0 then the point t = ¢
function U() reaches a minimum.

Known methods of analysis of curves having local
extrema can be used to estimate the power and voltage
fluctuations, and in particular, to identify the source loca-
tion of the VF according to the criteria (1), (6) and with
the dynamic characteristics of the motor load.

We suppose that the curve of active power change
P(?) is similar to the voltage U(f) curve and is not time
shift (At4, = tan— ty = 0) defined by difference of static
and dynamic characteristics (Fig. 3). Then local extre-
mum of the curve U(¢) will corresponds to local extrema
of the curve P(f). At the points of extrema ¢ = t;, t = ¢; first
derivatives must be equal to zero:

U =U"tp=P =P p=0- O

If the source of the VF is in the system, maxima of
U(¢) will correspond to the maxima of P(f), minima — to
minima (see Fig. 3,a). Signs of first derivatives U'(f) and
P'(f) must be the same throughout the measurement time
interval T:

signU'(t;) = signP'(t;);
signU'(t ;) = signP'(t ;).

The second derivatives at the points of extrema must
match the sign:

®)

signU"'(t;) = signP"'(t;); ©)
signU"(t ;) = signP"(t ;).

If the source of the VF is in the customer network,
maxima of U(#) will correspond to the minima of P(?),
minima — to maxima (see Fig. 3,b). Signs of first deriva-
tives U'(f) and P'(f) must be opposite throughout the
measurement time interval 7

signU'(t;) = —signP'(t;);

(10)
signU'(t ;) = —signP'(t ;).

The second derivatives at the points of extrema must

be opposite by sign:
signU"'(t;) = —signP"'(t;); (1
signU"'(t ;) = —signP" (1 ;).

Accounting for the dynamic characteristics of the
motor load curve gives the power shift P(¢) with respect to
the curve of voltage U(f) at the time of the delay
Aty = ta —ty (Fig. 4). Accordingly, local extrema of the
curve P(f) will be shifted relative to the extrema of the
curve P(¢) at the time of 4¢,,,. For this reason, in the shear
zone relations shown above (see Fig. 3) can not be ob-
served and criteria (1), (6) will not work.
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Fig. 3. Characteristics of fluctuation of voltage U(¢) and active
power P(2), their first U'(¢), P'(¢) and second U"(¢) and P'(¢)
derivatives at the VF source placement:

a — in the power supply system; b — in the customer network
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It should be noted that the shift can be observed by
the consumer load motor at the location of the source of
VF in the system. If the source of VF is located in the
customer network the VF are the results of changes in
load power (2). The constant of the electromagnetic tran-
sient in the power line distribution network is small, the
shift can be ignored.

In general case, to determine the position of the
source of the VF, apparently, should be carried out paral-
lel analysis of the curves of voltage U(f) and active power
P(t) over the entire time interval of the measurement T’
tracking and comparing features of their change.

In the practical analysis of information on the re-
gime parameters coming from the registrar in the form of
discrete recording of instantaneous values of current and
voltage with discrete intervals, providing a given accuracy
class, and, consequently, the final amount of measure-
ments (e.g. ANTES AP-3F — 100 measurements per pe-
riod). Use the information on the rms voltage and active
power can be selected for the averaging interval 7. Meth-
ods of determining the place of location of the VF intends
to use the basic signs of change (7)+=(11) of the power
curve P(¢) with respect to the curve of voltage U(?) at their
the discrete implementation.
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Fig. 4. Account of dynamic characteristics of the motor load
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Conclusions.

1. A method for determining the location of the source
of VF in the electrical network, which operates on the
principle of evaluating the correlation of power and volt-
age changes in the power supply network is developed.

2. The method allows to take into account the shift be-
tween the extrema of the curves of changes of the voltage
U(¢) and power Pp,.4(1).
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