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CABLE LINE EQUIVALENT CIRCUIT PARAMETERS DETERMINATION
USING THE INSTANTANEOUS POWER COMPONENTS

Purpose. Development of a method for determining the cable line substitution scheme parameters based on the components
of its instantaneous power.

Methodology. Determination of unknown parameters of the cable line mode using the harmonic balance method. Determina-
tion of the U-shaped substitution scheme elements parameters is performed using power harmonics and their balance at the cor-
responding frequencies. For frequency-dependent elements, it is taken into account that the same power harmonic can be formed
by different current and voltage harmonics.

Findings. A method for determining the parameters of the cable line substitution scheme using the power components of its
elements is proposed, which is distinguished by the fact that the total number of system equations for determining the parameters
can be increased due to the use of power. The study of the proposed method for determining the cable line substitution scheme
parameters based on the power components, based on the model compiled in the visual programming package, allowed us to es-
tablish that the largest parameter determination error is characteristic of active conduction.

Originality. With the instantaneous power determination of the cable line substitution scheme reactive elements, it was found
that during the calculation of the instantaneous power there is a peculiarity of taking into account the voltage harmonic number
depending on the combination of harmonic numbers.

Practical value. The proposed method can be developed on the sectioning of the U-shaped line substitution scheme to deter-
mine the change in the cable line substitution scheme parameters during its operation without disconnecting the line, unlike

existing methods.

Keywords: cable line, power, voltage, harmonics, orthogonal components, harmonic frequency

Introduction. Cable lines are the main element for trans-
porting electricity. Monitoring the technical condition of cable
lines is a very important process, as a line failure will cause a
power outage, and in large enterprises, this will lead to a shut-
down of technical equipment, which in turn will cause signifi-
cant economic losses. Monitoring the technical condition of a
cable line in an enterprise can be quite difficult or impossible
due to the lack of physical access to the line or its section.

To monitor the condition of a cable line, methods are usu-
ally used where the line is disconnected from the network,
such as the travelling wave method, where a pulse is launched
into the line, and the reflected wave, by its shape and time of
receipt, indicates the type of damage and approximate loca-
tion [1]. However, this solution is sometimes impossible due to
certain reasons. Therefore, to prevent complex damage, it is
rational to monitor the condition of the line by changing the
parameters of its replacement scheme during operation.

This method allows you to monitor the cable line technical
condition and work in tandem with the protection system to
ensure timely operation of the latter.

Given that visual inspection or diagnostics of most cable
lines requires significant preparatory and dismantling work,
this issue is relevant.

Literature review. The study of the state of insulation of
high-voltage cable lines by monitoring dielectric losses at the
cross-insulation connection was carried out in [2, 3]. Data are
collected using current sensors installed in grounding boxes.
The calculation is based on the study of impedance changes in
different parts of the cable line. The disadvantage of this solu-
tion is that it can be used only for high-voltage networks and
additional structures must be introduced to use it.
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In [4, 5], the state of insulation is analysed by observing the
manifestation of partial discharges. The work is based on the
principle that a direct current is applied to the line and the
change in the electric field in the insulation is observed. How-
ever, during transient processes, the data obtained may differ
from the AC electric field. The study is performed using diag-
nostics in an automatic uncontrolled manner based on an al-
gorithm for separating noise from partial discharges.

An operational method for assessing the relative dielectric
losses in cross-linked polyethylene high-voltage cables with
cross-coupling was developed by the authors in [6]. This
method uses data from industrial frequency leakage current
sensors. To improve the measurement in the mode without
disconnecting the cable line, an error analysis was carried out,
including the characteristics of current sensors, data acquisi-
tion accuracy, synchronisation error, and system frequency
fluctuations. The calculations are based on the actual value
measurement of the leakage current in the relevant areas.

There are also works in which the authors investigate the
state of the cable line using replacement schemes. For exam-
ple, in [7], based on the model of a power line with distributed
parameters at a line length of 500 km, the number of segments
sufficient to obtain voltages and currents with high accuracy
was analysed.

The study of a line with distributed parameters was also
carried out in [8]. The analysis is carried out by comparing the
frequency characteristics of the replacement circuits with dis-
tributed parameters with different numbers of segments. This
is used to limit the dimensionality of the line cascade to the
number of segments at which the error will have a negligible
effect on accuracy.

Determination of cable line damage was performed in [9].
The algorithm for determining the damage to the line is per-
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formed by determining the change in the voltage of the for-
ward and reverse sequences along the line. However, it should
be noted that this method can give a false result in conditions
of non-sinusoidal voltage, which is a significant drawback.

A method that uses a system of equations of complex vari-
ables in the A-form to determine the parameters of a transmis-
sion line is described in [10, 11]. A similar approach is used in
[12], which investigates the method of fault localisation in
one-way direct power supply systems for electric traction.
Based on a model of distributed transmission line parameters,
the authors determine the position of the short circuit using
the measured current and voltage values at the ends of the
traction line under study. Additionally, the authors investigate
the effect of transient resistance and locomotive position on
fault location. These methods are quite simple as they do not
require the use of complex integral operations, but the use of
such methods in conditions of non-sinusoidal current and/or
voltage is impossible.

In [13, 14], a model of a three-phase cable is presented for
modelling transients in power supply systems. The model is
based on concentrated parameters and is represented by cas-
caded m-sections. The modal transformation method is used in
the proposed model. The frequency-dependent elements of the
corresponding modal transformation matrices were equipped
with rational functions. The calculation of the corresponding
modal transformation matrices was implemented using the
Levenberg-Marquardt algorithm. As a result, the parameters of
the cable transmission line circuits were reduced by the authors
to the well-known u-shaped substitution scheme.

Thus, the problem of determining the parameters of the
cable transmission line replacement scheme has certain solu-
tions, but is still relevant, especially in conditions of non-sinu-
soidal current and/or voltage.

The purpose of the work. Development of a method for de-
termining the parameters of a cable line replacement scheme
by its instantaneous power components.

Main material and research results. Depending on the type
of transmission line, different replacement schemes are used.
In some cases, when the wavelength is proportional to the
length of the line, line schemes with distributed parameters are
used, in other cases — with concentrated parameters. In the
latter case, the most complete substitution scheme, which
takes into account the active resistance, inductance of the
wire, and insulation properties, is the U-shaped substitution
scheme (Fig. 1). It has a structure that corresponds to the
physical processes for lines of relatively short length and allows
for mode calculation. However, even such a substitution
scheme is difficult from the point of view of the inverse prob-
lem — determining the scheme parameters from known mode
parameters. Given the known input and output currents and
voltages, the presence of an RL section in a U-shaped replace-
ment circuit complicates the task due to the unknown voltage
distribution in the section.

To determine the parameters of the substitution circuit, we
will use a method based on the instantaneous power balance
[15] under the condition of non-sinusoidal and periodic cur-
rents and voltages. To do this, write the power equation of the

circuit
{pfp'_p2 , )
P=DPgtDPc+PrtPL
/; R A
AU
il ¢ 6l ¢ %

Fig. 1. U-shaped substitution scheme

where p, is power at the input of the replacement circuit; p, —
power at the output of the replacement circuit; ps=pg + P —
the sum of powers at the input and output conductive ele-
ments; pc = pey + P — the capacities sum at the input and
output elements of the tank; p — power of the active resistance
element; p; — inductor element power, which in general are
determined as follows.

In accordance with the accepted method [16], the deter-
mination of the U-shaped substitution scheme elements pa-
rameters is performed using power harmonics and their bal-
ance at the corresponding frequencies. In the trigonometric
form, power harmonics are reflected in two forms of recording
that are identical: using the amplitude and harmonic phase;
using orthogonal harmonic components. In other words, an
arbitrary power harmonic of an element can be represented as
follows

s = P cos(sof —y,) =
= P, cos(y,) cos(sw?) + P, sin(y,) sin(sof) =
= P, cos(swt) + P, sin(swf),

where P, is harmonic amplitude; s — harmonic frequency; ® —
angular frequency; ¢ — time; y, — phase shift; P, — harmonic
amplitude cosine component; P, — harmonic amplitude sine
component.

With known harmonics (k € K) voltage and harmonics
(n € N) current, the power caused by them will take the form

Dy, =U, sin(kor+¢,,)-1, -sin(not +¢,,) =
((k—=mot)-(U,,1,,+U.,-1,,)+
+0.5-cos((k+m)wt)-(U,,-1,,-U,,-1,.)+ ()
+0.5-sin((k—nyot)-(U,, - 1,,~U,,-1,.)+
+0.5-sin((k+n)wt)-(U,, - 1,,+U,,-1,,),

=0.5-cos

where k is voltage harmonic number; » — current harmonic
number; ¢, , — k” harmonic voltage phase shift; ¢;, — n" har-
monic current phase shift; U, — voltage harmonic amplitude;
1, — current harmonic amplitude; U, , — voltage harmonic co-
sine component amplitude; /,, — current harmonic cosine
component amplitude; U, , — voltage harmonic sine compo-
nent amplitude; 7, , — current harmonic sine component am-
plitude.

Given that the current and voltage at the input and output
of the circuit are known, and the voltages in the circuit branch-
es are known, the currents in the circuit branches are un-
known. Determination of power pg(f), pe(?) is straightfor-
ward and can be performed using the appropriate voltages and
element parameters. Accordingly, the current and voltage har-
monics on the conductor are related as follows

ic=u-G="U,-sin(hot+9,,) - G, A3)

where /4 is harmonic value; G — substitution circuit element
active conductivity.
Current and voltage at the capacitor

[C:C.%:ZUh-cos(hcothM)-B , (4)
h

where B = Ch® — capacitive conductivity of the substitution
circuit element.

In the case under consideration, the active resistance R
and the inductance L are related quantities since their com-
mon voltage can be determined Au(?) = u,(#) — u,(f) whose ar-
bitrary harmonic is equal to

AU, -sin(hot+@,, ) =1, , -sin(hot +@, ., ) - R+

5
+1y; , -cos(hot + @, 5, ) - L-ho, )
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where AU, is the voltage amplitude on the RL elements of the
h™ harmonic; Iy, , is the current amplitude on the RL ele-
ments of the A" harmonic; ¢,, , — voltage 4" harmonic phase;
©; rs — the A™ current harmonic phase. Based on this ap-
proach, we will immediately consider the power pi and p;
through their total value pg; = pg+ p;.

Based on (5), the relationship between the 4" current har-
monic orthogonal components and the A" voltage harmonic
orthogonal components for the RL section can be expressed as
follows

AU, - sin(hot) + AU, , - cos(hot) =
= Igp.an - SiN(h?) + Ipp ) - cOS(hoE)) - R+ (6)
+ (Igp.an - COS(hwt) — Iy - sin(hot)) - L - ho,

where U, ;, = AU, - cos(q,,) is sinusoidal orthogonal voltage
component amplitude; AU, , = AU, - sin(@,,,) — cosine or-
thogonal voltage component amplitude; Iz ., = gy %
x cos(@,, ;) — sinusoidal orthogonal current component am-
plitude; I, 4, = Irr ) - Sin(@u,,) — cosine orthogonal current
component amplitude.

Performing simple transformations, grouping of sine and
cosine components, and simplifications, we obtain a matrix
form of the relationship between current and voltage ampli-
tudes through parameters for the RL section

IRL.hﬂ _ R L-ho ) AUhﬂ (7)
Trins \-Lho R AU,, )
Then the currents in (2) for the RL elements of the section

will take the form
R-AU,,-L-ho-AU,,

I =

RL.h.a R2 + (L -hm)2 (8)
7 _RAU,,+L ho-AU,

RL.hb — R2 +(L ~hw)2

After completing the transformation link, we will enter the
following components as active G and reactive B; conductiv-
ity of the RL section for an arbitrary harmonic

G- R
R? +(L-ho)? ©)

_ Lho

LT R4 (L hw)?

Using the power balance in the circuit of (1) as
Py =Py =Pg1 + Pga + Pei + Pea + Py, =i (DG, +u3 (NG, +

10
(1) d‘g;’ )¢, +u2(1)%C2 AUy (). (10

Let us write down the power of each of the circuit ele-
ments (Fig. 1), taking into account the method described in
[17, 18], separating the current and voltage harmonics, as
follows:

- power at the input of the circuit

b :%' ;Z[(COS((IC —mNU, i gy YU iy p)

+cos((k+mon)(U, i1, 4, =Uy gidy0n)+ (11)
+sin((k =mo) (U, , 11y 4, U, 11y o)+
+ Sll’l((k + n)mt)(Ulﬂk 11 bnt U14b4k [lAa.n )]’

where k is voltage harmonic number; » — current harmonic
number; U, ,, — input voltage k-harmonic cosine component
of the; U,,, — input voltage k-harmonic sine component;
1, ,, — input current n-harmonic cosine component; /, ,, —
input current n-harmonic sine component;

- power at the output of the circuit

1
D= 52 Z[COS((k =M, 4Ly 00+ U4 idrp.,)+
k n

+eos((k+mon) Uy, 1 1y =Us aidran) + (12)

+sin((k —mo)(Uy 41540 =Uspidran) +

+8in((k +mON Uy Ly pn +Uspitran )],
where U, ,, is output voltage k-harmonic cosine component;
U, — output voltage k-harmonic sine component; /,,, —
output current n-harmonic cosine component; /,,, — output
current n-harmonic sine component;

- active conductivity power at the beginning and end of the
line

1
Por = 2. 2 €os(k=mONUy 4 Uy +UpsUr) +
k n

+eos((k+mo) (U, ,, U, 4, U, 04U 00+ (13)
+sin((k —mot)(U, , Uy, =U, 1 Uy )+
+sin((k +mot)(U, , U, 4, +U, U, ,a.n)j| Gy;

1
Per = EZZ[COS((]‘ - n)mt)(UZ.a,kUZ,a.n U, Uz, ) +
k n

+COS((k + n)o‘)t)(UZ,b.kUZAb.n “U,4Usn ) + (14)
+ Sin ((k - n)o‘)t)(UZ.a,kUZ.b.n - U2.b,kU2,a.n ) +
+ Sin ((k + n)o‘)t)(UZ.a.kUZ.b.n + U2.b.kU2.a.n ):I GZ’

- is capacitor power at the beginning and end of the line

1
Dcy = 52 Z[COS((k —mot)(U, ,, U, ., =U, U0+
k n

+eos((k +mot)(U, Uy, +U 4, U,
+sin((k -myot)(U, , U
+sin((k +myor)(U, , U

an) ¥ (15)
tan~UipaUip)+

+U 1 Uy )} Cyno;

la.n

1
Per = EZZ[COS((/C —mot) (U, 4, Uy 4 =Us 0 sUs ) +
k n
+cos((k +mwt)(U, U, ,+U,,,U,
+sin((k —myot)(U, , U
+sin((k + myot)(U, , U

an) ¥ (16)
ran~UspiUspn)+
AUy Us )} Cyno;

2.a.n

- is the RL site power, taking into account (6 and 8)

Pre :%ZZ[COS((k —mot) (AU, AU, , +AU, AU, )Gg+
k n

+cos((k—mwt)(AU, AU, ,—-AU, AU, ,)B, +
+cos((k+nmwt)(AU, AU, ,—AU, AU, )G, +
+cos((k+nmwt)(AU, AU, ,+AU, AU, )B, + (17)
+sin((k—-n)ot)(AU, AU, ,—AU, AU, )G+
+sin((k—n)ot)(AU, AU, ,—AU, AU, )B, +
+sin((k+n)ot)(AU, AU, ,+AU, AU, )G, +
+sin((k +n)ot)(AU, AU, +AUb,kAUb,,,)BLJ-

Power balance is performed for each power harmonic or-
thogonal component s = (k = n) on each circuit element. Let
us take two sections G,C; and G,C, for equivalent to the ele-
ments G, =G,=Gand C,=C,=C.

D6 = Dg1 + Por =@y (1) +u,(1)))G;
dd]c a8

Pc=Pci1tPca :(”1 ai a

As a result, it is possible to draw up a system of equations
with a total number of § = K + N by the corresponding power
harmonics s
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Pro~Pro=PcotPcot Poro™t Paro
D= Pr1 =Pt Pcat Porit Para

(19)

Pis —Prs=PsstPcstPorstPors

Grouping powers accordingly and reducing trigonometric
functions sin(k + n)wz = sin(sw?) and cos(k + n)wt = cos(sw?), it
becomes possible to write a system of equations for the circuit
elements orthogonal power components amplitudes of the for
the corresponding power frequencies s
PBoo=Pao=Fou0t Peaot Foraot Porao
B0 Poso=Fop0+ Fenot Forvot+ Prrso
PP =Foai+Fouit Forar+ Poras
Popi— Py =P+ Popi+ Fopp i+ Parpy - (20)

Bos—Prus=Foas+tFoastForast Poras

Pos—Poys=Fops+Feps+Forsst Prrss

The formation of elements orthogonal power harmonic
components of the replacement circuit whose parameters do
not depend on frequency does not present any difficulties [19,
20]. At the same time, there is a certain peculiarity for fre-
quency-dependent elements. Let us consider it for the capaci-
tance power. First, it should be borne in mind that the same
power harmonic can be formed by different current and volt-
age harmonics, for example

{s-k—n—5—1—4

s=k+n=1+3=4 @D

At first glance, this combination does not raise any ques-
tions. But, if we consider the process of forming capacitor
power harmonics, for example C,

Pers=0.5 D Uy4,U, 4, =U, 04Uy, )N ocos(sot) +
s:(k/érin)
+0.5 Z UraiUrpn T Uy 50U
s:(klé’in)
+0.5 Z (A e U )I%n’msin(smt) +
s:((k”in)
+0.5 Z U1.04U, 00 +U, 54Uy )N 05in(500),
I3

N
s=(k+n)

,'a'n)N,n*cocos(smt) +

(22)

i.e. for the above example n~ = 1, a n* = 3. Thus, when forming
power amplitudes, it is necessary to take the of the second pa-
rameter harmonic value.

Let us assume the voltage and current spectrum to be such
that it allows us to form power harmonics 2, 4, 6, which is suf-
ficient to compose six equations according to system (20). Giv-
en the large volume, for example, let us write one of them for
the cosine orthogonal component of the s = 4 power harmonic

Pios—Pros=Pgas+ Poos+ Poras+ Poros
Poa—Pos= Z U ardyan*Uipidipn)+

k,n
(k—n)=4

+ z (Ul4b4k ]l.b.n - Ul.u.k ]14a4n) -

k,n
(k+n)=4

- z sy antUspidrpn)—
k,n
(k-m)y=4

- z Uspidiopn =V asdran)s

k,n
(k+n)=4

Foos= Z Uy oiUsan+U154U15.,)G +

(kfff)l=4
+ z U151V150=U1aiU1 00)G1 +
(kfr’z')’:4
+ Z Us.0iUsan+U24U25.,)G, +
(kfh’)':4
+ kz: U151V250 = Us.04U3.00)G5
(k+m)=4
Peaa= kZ U15Y1.00 = U1 0sUy5.0)Ci100+
(k-n)=4
+ Z W, 04U1 40 +U 1 Uy ) Cino+
(kfh’;:4
+ Z U2iUs.0n =Us.04Unp.)Cono0+
(kf}x’)':zt
+ z U104 Usp.n + U2 ,U,5 4 )Cone;
(kfff)l=4
PGR<a.4 = Z (AUa.kAUa.n +AUb.kAUb.n )GR +
(kff):zt
+ Z (AUb.kAUb.n -AU,, AU, ) Gy;
(kf;:n):4
Popaa= Z (AU, AU, ,—AU, AU, B, +
(kf;zr;:ét
+ > (AU AU, +AU, AU, B, .
(kf;:)l:4

Let us simplify the entry form by introducing intermediate
notation
_172 2
P o= Praa=Ug1 o401+ UG,y 4G5 +
+ U2 04C + U8, 1 4Cy +AUGR 4G + AU, 4B, .
Then the system of equations (20) can be written in matrix

form, taking into account the way the amplitudes of the or-
thogonal components of power harmonics are formed

P=UxY, (23)

where Y is conductivity matrix; U — matrix of voltage orthogo-
nal components products; P — matrix of circuit orthogonal
power components.

Matrix Y elements parameters consists of U-shaped sub-
stitution scheme, represented through conductivities, and has
the form

Y=(G, G, C G Gp By L (24)

Matrix U
Uél.a.z Ucz;z,a.z Uél.a.z Uéz.a.z AUéR.aZ AU?}L.az
Uémz Uéz.b.z Uémz Uéz.b.z AU%R,M AU%‘L.[)Z
Ué].m UC2?2.a.4 Ué].a.4 U(,Z“Z.a.4 AU(Z;R.M AUlziL.a4
Uéum Uélb.zt U él,m ngm AU, éR,bzt AU §L4b4

2 2 2 2 2 2
UGl.a.6 UGZ.u.G UCl.a.6 UC2.a.6 A[]GR.aS A(]BL.(16

. (29

2 2 2 2 2 2
Usise Ucrve Ucivs Ucivs AUgrss AUppsg
Matrix P

P1a2
A

A P2¢12
,—P
Pla.4

b2 2.b.2

—Ps
. a4 | (26)
Pl.b 4= I)Z.b.4
Pl.a 6 _P2A0.6

Pos—Prss
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Thus, the unknown conductivity matrix is determined by
Y=U'!xP. (27)

The proposed method will be tested using a model of an
electrical installation with a three-phase controlled semicon-
ductor rectifier supplied by a 6 kV cable line. The model was
synthesised in a visual programming package (Fig. 3). The
semiconductor converter is powered by a three-phase trans-
former. The transformer is connected to the power source by a
cable line (represented by a substitution diagram in accordance
with Fig. 1). The current and voltage are monitored at the be-
ginning and end of the cable line. The system is supplied with a
voltage of 6 kV and the line length is assumed to be 10 km. Oth-
er consumers are not included. The line is made according to
the U-shaped substitution scheme with the following parame-
ters: R = 0.346 (Ohm/km); L = 0.109 (mH/km); C =
=0.0696 (uF/km); /=10 (km); N=5; G=0.348 (MOhm /km);
a load consisting of a thyristor converter with a load in a DC
circuit of RL type, with parameters R = 0.63 (Ohm); L =
=5 (mH).

Time diagrams of current and voltage at the beginning and
end of the cable line are shown in Figs. 3 and 4, these diagrams
are the initial information used for further calculations. The
obvious current distortions caused by the thyristor converter,
taking into account the line and system parameters, lead to
voltage distortions. Analysing the voltages and currents shown
in the figures, the first thing that can be noticed without using
additional mathematical operations is a slight drop in voltage
and an increase in the steepness of the pulses. As for the cur-
rents, the most noticeable thing is the absence of damped os-
cillations in the output currents.

Fig. 5 shows the changes in voltage and current at the be-
ginning of the line relative to its end. In both cases, these
changes are quite complex and are extremely non-sinusoidal.

The graphs clearly show that the voltage difference takes on
a form that corresponds more to the alternating current, with the
only difference being the appearance of sharp drops at the time
of stabilisation. Such changes lead to the conclusion that voltage
losses directly depend on the amount of current flowing. At the
same time, the current difference has a more pronounced fun-

Toup
Impedance Measurement = Signal
_
K powergui
Signal Builder alpha_deg
a Discrete,
N AB Ts = 1e-05
BC uiseg
i A
S$Ra $RbSRe ?La éLb%Lc - II]_,BMK
E: 3
Vv sync Pulse generator g
— +|
Alea[A A A a A
Clesa|C ¢ ——a[Cc Cva vatC c ’
POWER SUPPLY Measwement Iw Measurement Transformer Tirystor
block 6kV first G1 a% ;IL' Cla GZa# ;\’; Cc2a block 6kV second 6000/430 converter
-||—n_1_ r ||}-n—1— r
Glb % Cib G2b £ 3 C2b
el peld
I I
61.c$ ;% Clc G2c ,$ 3+ c2c
el el

Fig. 2. Three-phase power supply system diagram
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Fig. 3. Cable line input voltages and currents
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Fig. 4. Cable line output voltages and currents
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Fig. 5. Difference between input and output voltages and currents of the cable line

damental harmonic shape and also has a high level of damped
oscillatory processes that appear approximately at the moments
of impulsive changes in the input and output voltages, i.e. the
change in currents is more influenced by the change in voltage.

Fig. 6 shows time diagrams of the change in the power of a
cable line over time, as the difference in instantaneous power
at the line’s input and output. This power is highly non-sinu-
soidal, indicating the effect of higher harmonics amplification
in the line itself.

Consider the power distribution in the cable line replace-
ment circuit elements. The power of active conduction G
(Fig. 7) has a familiar constant character, because it is an ac-
tive power. The degree of distortion of this power relative to the
distortion of the total line power is lower, and is related to the
degree of voltage distortion according to expression (13).

Due to the accumulation of charge, the capacitance C
leads to an increase in energy consumption. Also, the insula-
tion leads capacitance to additional ways of energy leakage
through the insulation, which further affects the growth of the
insulating conductivity.

The resulting graphs show how changes in the voltage lead
to sharp current fluctuations, i.e. the voltage affects the ca-
pacitance not so much by its quantitative change as by the rate
of change of the processes that occur in it. If we take into ac-
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Fig. 7. Power on conductive elements G in three phases

count the fact that current changes mainly occur in the ca-
pacitance, let us consider the power graph arising in the cable
line on this element (Fig. 8).

In contrast to the power of the conductivity G, the power
in the capacitance C enters the negative region, i.e. the charge
accumulated by the capacitance is constantly changing but
with different intensity, power graph which causes asymmetry
with respect to the time axis.

Similarly to the conductivity element G, the power in the
active resistance of the line R is familiarly constant (Fig. 9). As
can be seen from the power level, this power is dominant, and its
average value corresponds to the level of power losses in the line.

The cable line power diagram inductance L is shown in
Fig. 10. As can be seen from the diagram, significant current
change fronts cause large power pulses, while under the influ-
ence of a significant non-sinusoidal current, power fluctua-
tions are sharply variable.

According to the method described above, we will identify
the cable line parameters by power components. The identifi-
cation results are summarized in the table below.

The Table analysis shows that the largest error in deter-
mining the parameter is inherent in the active conductivity G,
which may be due to the low value of this parameter and the
corresponding low power value.
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Fig. 8. Power on the capacitance element C in three phases

P

1.1E4

8.8E3

6.6E3

4.4E3

22E3

|
|
L ! d '
0 0.004 0.008 0.012 0.016 0.02
mH4 HB NC

Fig. 9. Power on resistance elements R in three phases

ISSN 2071-2227, E-ISSN 2223-2362, Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2024, N 2 101



P
3.5E3

2563 ——-

1.5E3

500

-5001~

-1.5E3

Fig. 10. Power on inductor elements L in three phases

Table
Results of identifying the parameters of the substitution
scheme
Parameter Output value | Calculated value Error, %
Phase A
G,, uS 2.874 3.08 -6.69
Cy, uF 0.696 0.696 0.00
R,, Ohm 3.46 3.462 -0.06
L,, mH 1.09 1.099 -0.83
Phase B
Gp, S 2.874 2.65 7.79
Cp, uF 0.696 0.698 -0.29
Rjz, Ohm 3.46 3.471 -0.32
Lz, mH 1.09 1.087 0.28
Phase C
Ge, 1S 2.874 3.047 -6.02
Ce, uF 0.696 0.699 -0.43
R¢, Ohm 3.46 3.462 -0.06
L¢, mH 1.09 1.071 1.74

Conclusions and direction of further research. Based on the
analysis results of known studies, it has been established that
existing methods for determining the parameters of a cable
line replacement scheme require its disconnection from the
power supply and load systems.

A method for determining the parameters of a cable line
replacement scheme using the power components of its ele-
ments is proposed, which differs in that the use of power can
increase the total number of system equations for determining
the parameters.

When determining the instantaneous reactive elements
power of the cable line replacement scheme, it is found that
when calculating the instantaneous power, there is a feature of
taking into account the voltage harmonic number, depending
on the combination of harmonic numbers.

The study of the proposed method for determining the
cable line replacement scheme parameters by power compo-
nents, based on the model created in the visual programming
package, allowed us to establish that the largest error in deter-
mining the parameters is inherent in the active conductivity.

The proposed method can be developed for sectioning U-
shaped line replacement schemes to determine changes in the
cable line replacement scheme parameters during its operation
without disconnecting the line, unlike existing methods.
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Merta. Po3poOka MeTony BUBHAUEHHS MapaMeTpiB CXeMuU
3aMillleHHsT KabeabHOI JIiHii 3a CKJIalOBUMU ii MUTTEBOI MO-
TY>XKHOCTI.

MeTtoauka. BuzHaueHHs HEBITOMUX MMapaMeTpiB pexkxumy
KaOeJIbHO1 JIiHiT 3 BAKOPUCTAHHSIM METOly TapMOHiiHOTO 0a-
snaHcy. BuznaueHHst napamerpiB ejieMeHTiB [1-momioHoi cxe-
MU 3aMillleHHS BUKOHYETBbCSI 3 BUKOPUCTAHHSIM TFapPMOHIK
MOTYXXKHOCTEH Ta iXx 6ajaHCy Ha BiAMOBiAHUX yacToTax. s
YaCTOTHO-3aJIe>KHUX €JIEMEHTIB ypaXoByBaHO, 1110 OAHA i Ta
caMa rapMOHiKa MOTY>KHOCTi MOXe OyTH YyTBOpEHa Pi3HUMU
rapMOHiKaM¥ CTPyMy il HampyTu.

PesyabraTn. 3anpornoHOBaHO METON BU3HAYEHHS Mapa-
METPiB CXEMHU 3aMillleHHsI KaOeIbHOI JIiHil 3 BUKOPUCTAHHSIM
CKJIaIOBUX TIOTY>KHOCTI 1i €JIeMEHTIB, SIKWI BilIpi3HSEThCS
TUM, 10 32 PaXyHOK BUKOPUCTAHHSI MOTYKHOCTi MOXe OyTh
30iJIblIIEHA 3arajibHa KiJIbKiCTh PiBHSIHb CUCTEMU TSI BU3HA-
YeHHs mapameTpiB. [JocHimkeHHsI MPOMOHOBAHOTO METOLY
BU3HAUYEHHS MapaMeTpiB CXeMU 3aMillleHHST KaOeJIbHOI JIiHil
3a CKJIAJOBUMU TMOTY>KHOCTI, Ha MiJACTaBi MOJEi CKIAAEHOI Y
MakeTi Bi3yaJIbHOTO MpPOrpaMyBaHHS, TO3BOJU BCTAHOBUTH,
110 HaOUIbIIA TTOXMOKA BU3HAUYEHHS TTapaMeTpiB BIacTHBa
AKTUBHill POBiITHOCTI.

HaykoBa HoBu3Ha. 32 yMOBM BU3HAYEHHSI MUTTEBOI TIO-
TY>XXHOCTI PEaKTMBHUX E€JIEMEHTIB CXeMU 3aMillleHHSI Ka-
0esIbHOI JIiHii BUSBIEHO, LIO MiJ 4YaC PO3PAXYHKY MUTTEBOL
MOTY>XXHOCTi BUHMKA€E OCOOJMBICTb ypaXyBaHHsS HOMeEpY
rapMOHIKM HampyTu B 3aJIEXKHOCTI Bill KOMOiHallil HOMEpiB
rapMOHiK.

IIpakTyna 3HaummicTh. [IpomoHOBaHMIT MeTO# MOXe
OyTU PO3BUHYTHUI Ha ceKlioHyBaHHi [1-moaioHi cxemu 3aMi-
LLEHHS JIiHil 1S BUBHAYEHHS 3MiHU MapaMeTpiB CXeMU 3a-
MillleHHsT KabesIbHOl JIiHil Mmig yac ii eKcruryaraliii 6e3 Bin-
KJIIOUEHHS JIiHi1, Ha BiIMiHY BiJl iCHYIOUMX METO/IB.

KiniouoBi cioBa: kabeavha ainis, nomyxcHicms, Hanpyea,
2aPMOHIKU, OPIMO2OHANbHI CKAA008I, YACMOMA 2APMOHIKU
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