Nahid MUFIDZADA ', Gulgaz iSMAYILOVA ?

"2Azerbaijan State Oil and Industry University, Power Faculty,
"Electroenergetics" department, Baku, Azerbaijan
ORCID: 0000-0003-4063-2128, 0000-0003-0063-2020

doi:10.15199/48.2023.10.18

Determination of the place and degree of damage insulation
in cables

Abstract. A new method has been developed to determine the location and degree of insulation damage in cables. An electrical circuit is defined,
using which this task is performed. According to this scheme, one end of the cable is connected to a pulsed voltage source through a small
resistance, and the other end is grounded through a resistance equal to its wave impedance. By measuring the voltages at the beginning and at the
end of the cable, curves are drawn depending on the ratio of voltages at the end and at the beginning of the cable from the distance between the
point of damage and the beginning of the cable, with various degrees of damage to the insulation in it. Using the curves of this dependence a=f(x/l),
the location and degree of insulation damage in cables is determined.

Streszczenie.Opracowano nowg metode okre$lania miejsca i stopnia uszkodzenia izolacji w kablach. Definiowany jest obwdd elektryczny, za
pomocg ktérego wykonywane jest to zadanie. Zgodnie z tym schematem jeden koniec kabla jest podigczony do pulsujgcego Zrodta napiecia przez
maty op6r, a drugi koniec jest uziemiony przez opér rowny jego impedancji falowej. Mierzgc napiecia na poczatku i na koricu kabla, rysuje sie krzywe
w zalezno$ci od stosunku napiec na korcu i na poczatku kabla z odlegtosci pomiedzy miejscem uszkodzenia a poczatkiem kabla, przy rézne stopnie
uszkodzenia izolacji w nim. Korzystajgc z krzywych tej zalezno$ci a=f(x/l) okre$la sie miejsce i stopieni uszkodzenia izolacji w kablach. (Okreslenie

miejsca i stopnia uszkodzenia izolacji w kablach)
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Introduction

Increased requirements are imposed on the reliability of
cable lines and, consequently, on their insulation, since a lot
of time and money are spent on finding the place of damage
and, especially, on eliminating it in underground lines.

Causes of defects in cables are very diverse. Defects
appear mainly in the weakest elements of cable insulation in
the form of air inclusions, in which such dangerous
processes as ionization and partial discharges develop.
Determining the location and degree of damage in a cable
line is a very important task, the relevance of which is
currently confirmed by numerous studies by scientists from
different countries [1,2,3,4].

Carrying out preventive tests can not always accurately
determine the nature of the malfunction, and in some cases
may not determine the presence of damage at all. Tests can
only determine the presence of a fault in cables if its
insulation level is reduced by at least 80 - 90% [5].

At the moments of an accident, cables often receive
secondary damage. By type, such damage is divided into
short circuits (in networks with isolated neutral) and breaks
[6].

To determine the distance from the end of the cable to
the point of damage in case of wire breaks and interphase
and single-phase short circuits, the impulse research
method is widely used [2,4].

The inevitable material and financial losses caused by
the failure of the cable line (CL) force us to look for the most
effective and minimizing these losses ways to eliminate
damage. The correct choice of the method and equipment
for searching for damage sites determines the quality of the
solution to the problem, i.e. the maximum probability of
correctly determining the location of the damage and the
minimum time spent on this [8].

Analysis and purpose of the work.

The presented article provides a method that can also
be called a pulse method for determining the location and
degree of cable damage. The determination of the location
and the degree of damage to the insulation, as well as the
location of the phase wire break during impulse effects on
the cable, are considered. To do this, a pulsed voltage is

applied to the cable input, which can be used as a pulsed
standard wave of 1.2/50 uys of small amplitude through a
sufficiently small resistance so that the cable input does not
have a constant voltage equal to the applied voltage, and
also be able to measure the current in that part. The end of
the cable should also be grounded through a resistance to
measure current and voltage in this part of the cable. In
order to avoid the influence of the reflected wave at the end
of the cable, the values of this resistance should be taken
equal to the characteristic impedance of the cable.
Otherwise, there will be two points in the cable (the point of
insulation damage and the end of the cable), at which
reflection and refraction of the wave will occur, leading to
the complication of the wave process in the damaged cable.
The design scheme is shown in Figure 1.

Cable Ry

Fig/ 1. Design scheme

In the study, a cable with paper insulation and viscous
impregnation was used, with a cross section of 120 mm?
with a rated voltage of 35 kV [8]. The length of the cable
was assumed to be 1000 m. The study can be applied to
metal cables of all types.

In calculations, the cable is represented by a traditional
equivalent circuit in the form of a chain consisting of 30
elements.

Insulation damage and phase wire breaks were
considered separately at 15 points located at distances of
0.067'n from the beginning of the cable, where n are the
numbers of these 15 points, 0.067 is the relative length
between two adjacent sections. Determinations of the
degree of insulation damage were carried out for cases of
insulation damage of 30, 50, 60, 70, 80, 90, 95 and 100
percent.
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Results and Discussion

The calculations were carried out using the algorithmic
language OrCAD-17.

The results of calculations for determining the location
and degree of insulation damage are shown in Table 1 and
in Figure 2 - 5.

As can be seen from Table 1, regardless of the degree
of damage to the insulation and its location in the cable,
there is a slight change in the voltage values in the section
(0 - 0.4) | of the cable, and in the section (0.4 - 1.0) | the
voltage does not change. The deterioration of the insulation
affects the voltage at the beginning of the cable, only for
faults very close to the beginning of the cable.

As for the voltage at the end of the cable, this voltage
along the cable varies in a very narrow limit for each value
of the degree of damage, but with an increase in the degree
of damage, starting from a value of 80%, this voltage
decreases ( Table 1).

To generalize the obtained results, the dependence of
the voltage ratio at the end and at the beginning of the

cable (a = Ui) on the distance of the damage point from

the beginning of the cable, i.e. dependence a=f(x/l). This
dependence for all considered degrees of insulation
damage, except for 100% damage, is shown in Figure 2.
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Fig/ 2. Dependence of the ratio of stresses at the end and at the
beginning cable from the distance of the fault from the beginning of
the cable.

At 100% insulation failure, the remaining part of the
cable between its end and the damaged point is short-
circuited at the fault, and therefore the current and voltage
in the shorted part of the cable become zero.

In Figure 2, curves - 1, 2, 3, 4, 5, 6 and 7 refer to the
degrees of damage respectively 30, 50, 60, 70, 80, 90 and
95 percent.

As an example, Figure 3 shows the voltage curve at the
beginning and at the end of the cable with a degree of
damage to its insulation of 90% in the middle of the cable.

According to Figure 2, determination of the degree of
insulation damage and its place in the cable is possible if
the insulating properties of the cable are reduced by at least
80% (curves - 1, 4 and 7). At lower degrees of insulation
damage, the corresponding curves are located very close to
each other, which makes it impossible to determine either
the degree of insulation damage or its place in the cable.

According to Figure 2, determination of the degree of
insulation damage and its place in the cable is possible if
the insulating properties of the cable are reduced by at least
80% (curves - 1, 4 and 7). At lower degrees of insulation
damage, the corresponding curves are located very close to
each other, which makes it impossible to determine either
the degree of insulation damage or its place in the cable.
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Fig. 3. Voltage curves at the beginning and at the end of the cable
if its insulation is damaged by 90% in the middle of the cable

The degree of insulation damage and its location in the
cable are determined according to the value of a.

The values of currents in the cable are similar to the
values of voltages in it. According to these values, the ratio
of currents at the beginning and at the end of the cable is
also determined, and the dependence of this ratio on the
distance of the fault point from the beginning of the cable is
plotted for various degrees of damage in it, i.e. the
dependence B =l,,,/Ix is similar to the dependence
a = Uy/Upom.. Dependence B = 1, /Iy is shown in Fig.4.

Like the dependence a = f;(x/l), the dependence
B = f>(x/l) also shows that the excessive proximity of the
curves related to lower degrees of damage (up to 80%)
does not allow determining the degree of insulation damage
and the location of the damage in the cable . A slight
discrepancy between these curves exists only in the initial
part of the cable in the section (0 - 0.15) I, and in the rest of
it they practically merge.

Such a merging of the curves shown in Figs. 2 and 4,

corresponding to the degree of insulation damage by less
than 80%, makes it possible to replace them with one curve.
This allows all faults below 80% to be considered as 80%
fault and to locate them in the cable using the 80%
insulation fault curve.
The shape of the dependency curves a = fi(x/l), B =
f2(x/1), shown in Figures 2 and 4 show that to determine the
degree of insulation damage and its location in the cable,
the use of curves in Figure 2 (curves related to voltages) is
more convenient.

As you can see, in Figure 4 there is no curve related to
100 percent damage to the cable insulation. As noted
above, with 100% insulation damage, the current and
voltage at the end of the cable are zero. Therefore, for this
case, the dependence of the ratio of the current at the
beginning of the cable, corresponding to shorts at its
various intermediate points, and the current at the end of
the cable, in the absence of shorts, on the distance of the
fault point from the beginning of the cable is considered.
Such dependence is shown in Figure 5.
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Table 1. Voltage values at the beginning and at the end of the cable at various degrees damage to its insulation at various points

X/ Insulation damage
30 % 50 % 60 % 70 % 80 % 90 % 95 %
U, U, U, U, U, U, U, U, U, U, U, U, U, U,
V v v V V v V v v V V v V v
0,033 40,124 41,640 39,061 41,813 38,247 40,758 36,795 41,860 34,208 39,203 33,685 35,111 33,532 26,441
0,1 41,117 41,601 41,123 40,773 41,016 41,645 41,061 41459 41,013 39,039 40,937 32,420 40,852 26,530
0,167 41,197 41,058 41,190 41,222 41,192 41,330 41,191 40,436 41,240 40,120 41,235 33,869 41,260 26,435
0,3 41,219 41,797 41220 41,549 41,221 40,745 41,214 41,247 41,226 39,481 41,236 33,380 41,241 25,073
0,433 41,216 42,378 41,216 42,124 41,216 40,641 41,216 40,768 41,216 39,704 4,216 33,030 41,216 24,596
0,5 41,216 41,901 41,216 41,093 41,216 41,929 41,216 40,122 41,216 40,337 41,216 33,277 41,216 24,446
0,633 41,216 40,675 41,216 42,141 41,216 41,234 41,216 42,373 41,216 39,911 41,216 33,439 41,216 24,922
0,767 41,216 41,762 41,216 41,638 41,216 41,854 41,216 39,774 41,216 39,232 41,216 33,477 41,216 24,906
0,9 41216 42,545 41216 41,562 41,216 41,584 41,216 40,798 41,216 38,915 41,216 33,429 41,216 25,368
0,967 41,216 42,005 41,216 41,141 41,216 41278 41,216 41,079 41,216 39,130 41,216 33,617 41,216 25,324
3 increases, the voltage at the beginning of the cable
decreases monotonically. This shape of the curve also
25 makes it easy to determine the location of the phase wire
2 | break.
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Fig 4. Dependence of the ratio of currents at the beginning and at
the end cable from the distance of the fault from the beginning of
the cable.

In this case, as the insulation damage point moves away
from the beginning of the cable, the current at the beginning
of the cable decreases monotonically due to an increase in
distance and, accordingly, resistance.

According to Figure 5, the location of 100 percent
insulation failure in the cable is easily located.

To determine the location of the wire break of the
phases in the cable, a corresponding calculation was made,
in which the wire break was considered at the above 15
points of the cable during the impulse action on the cable,
and the voltage at the beginning of the cable was
measured.
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Figure 5. The dependence of the ratio of current at the end of the
cable and current in the absence of damage in it from distance of
the fault from the beginning of the cable

According to the results of the calculations, the
dependence of the voltage ratios at the beginning of the
cable with breaks and in the absence of a break in the
phase wire in it was plotted on the remoteness of the wire
break in the cable. This dependence is shown in Figure 6.

As can be seen from Figure 6, as the distance of the
phase wire break point from the beginning of the cable
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Figure 6. Dependence of the ratio of the voltage at the beginning of
the cable with a wire break at various distances from the beginning
of the cable and the voltage in the absence of a break on the
distance of the wire break in the cable

Conclusions

1. A new method has been developed to determine the
location and degree of insulation damage, as well as the
location of the phase wire break in cables.

2. An electrical circuit has been selected, according to
which the location and degree of insulation damage are
determined, as well as the location of the phase wire break
in the cables.

3. Considering insulation damage of varying degrees at
different points of the cable, curves were drawn depending
on the ratio of voltages at the end and at the beginning of
the cable on the distance between the point of damage and
the beginning of the cable, with various degrees of
insulation damage - a=f(x/l), which allow you to determine
the location and the degree of damage to the cable
insulation.

The possibility of determining the location of the wire break
of the cable phases is considered using the dependence of
the voltage ratio at the beginning of the cable when the wire
is broken at its various points and in the absence of a break
on the distance of the wire break from the beginning of the
cable.
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