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Abstract. The development of a combined leakage current sensor of a suspended insulator is presented. Negative fac-
tors of the influence of partial discharge currents on suspended insulators are described. The relevance of the devel-
opment is justified. The requirements for the block diagram of a combined current sensor consisting of a background
current sensor and a partial discharge current sensor are formulated. A block diagram of a combined leakage current
sensor of a suspended insulator has been developed. A constructive solution for mounting a combined current sensor
is proposed. Experimental studies of the upgraded current sensor were carried out. The main components of its layout

are presented.
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Introduction

Currently, when transmitting electricity from the
north to the south of Kazakhstan, aerial high-voltage
power transmission lines (AHVPTL) with a voltage
of 500 kV are used.

The main elements of the AHVPTL are cur-
rent-carrying wires, supports, suspended insulators,
lightning rods and electric arc air arresters. Supports
come in various modifications, but most of them are
structurally portal-type supports. The supports con-
sist of reinforced concrete vertical uprights, horizon-
tal traverses, cable ties, anchor bolts for fixing the
supports and a ground loop [1].

The failure of one of the elements of the lines
leads to large economic losses for the organization
operating these power lines [2].

Suspended insulators are designed for mechan-
ical fastening of live wires and isolating them from
the grounded horizontal traverse of the support. The
main characteristics of insulators are mechanical
strength and insulating properties [3]. In the process
of reducing the insulation properties of suspended
insulators, leakage currents increase, which leads to
an increase in active losses of the entire line. Glass
or polymer suspended insulators are used on AH-
VPTL with a voltage of 500 kV in the Republic of
Kazakhstan.

Specialists of the Department of APP of Karagan-
da Technical University named after Abylkas Sagin-

ov together with employees of the company operat-
ing power lines, JSC «KEGOC», identified the main
negative factors that have a significant impact on the
reliability of structural elements and active losses
of the AHVPTL: leakage current of the suspended
insulator, icing of the current-carrying wires of the
AHVPTL, as well as electrochemical corrosion of the
fastening elements of portal-type supports located
underground.

In order to reduce active losses and reduce the
search time for failed suspension insulators, it is
necessary to implement current monitoring of leak-
age currents and timely localize the damage sites by
means of control and indication sensors. To develop
combined leakage current sensors, it is necessary to
analyze the physical properties of leakage currents
[4].

The leakage current of the suspended insulator
has two components: the background current charac-
terizing active losses, as well as the current of partial
discharges, when exceeding the maximum permissi-
ble value, which causes an electric arc overlap of the
suspended insulator, which, in turn, leads to discon-
nection of the power line from the energy source [2].

One of the most common reasons why insulators
lose their insulating abilities are climatic and man-
made factors. The value of the background current
increases during the operation of insulators due to

their contamination. When the insulator is moist-
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ened, a surface conductive layer is formed, which is
the main reason for the increase in background cur-
rent. The energy of the background current of the in-
dustrial frequency of 50 Hz is spent on heating the
suspended insulator.

Partial discharges are electric arc discharges along
the insulator surface, the energy of which is spent on
ionization of the insulator surface and ambient air,
which lead to a decrease in its electrical strength and,
as a consequence, to an increase in active electricity
losses. Additionally, partial discharges form an ion-
ized conductive channel, which leads to an electric
arc overlap of the suspended insulator, followed by
an emergency disconnection of the line section from
the power source.

A number of negative influences, in addition to
the above, should also include thermal heating and
mechanical destruction of the glass insulators them-
selves, as well as the formation of microcracks in the
glass due to sudden temperature changes in which
dust and dirt accumulate.

Currently, to combat contamination, it is recom-
mended to use periodic washing and wiping of the
surfaces of insulators in order to remove them. To
strengthen the external insulation, the number of in-
sulators in the garlands is increased. These measures
require additional economic costs when installing and
operating power transmission lines. Practice shows
that in order to increase the insulating properties of
suspended insulators, it is required to apply hydro-
phobic coatings to the insulator surface [5], but in the
Republic of Kazakhstan this method is ineffective,
since the properties of such coatings decrease due to
strong winds, dust storms containing abrasive sand.
The most promising means of reducing the negative
impact of leakage currents of suspended insulators
is their current control. Therefore, the development
of means of current control of leakage currents is of
great practical importance and is relevant.

Currently, research and development of sensors
monitoring leakage currents of suspended insulators
is underway in the CIS countries. The value of the
background current is controlled using transform-
er-type sensors or based on Hall elements. Structur-
ally and schematically, the proposed sensor options
cannot be used for direct monitoring of leakage cur-
rents of suspended insulators. Also, the issue of trans-
mitting information from sensors to the control room
has not been resolved. Sensors for partial discharge
of leakage currents are under development.

Technical implementation

The combined leakage current sensors of the sus-
pension insulators 3A, 3B and 3C are structurally lo-
cated in the upper part of the portal-type 2 support
and have a magnetic connection with the grounded
part 5 of the suspension insulator attachment (Figure
1).

The paper [6] substantiates the relevance of the
modular approach in the development of electron-

EXX] ic technology. When developing a combined cur-

rent sensor, the principle of constructive separation
of electronic components by functional feature was
used.

In order to check the operability of the combined
leakage current sensor of the suspended insulator,
experimental studies of the sensor layout were car-
ried out. In accordance with the results of experi-
mental studies, the following sensor correction was
performed: the issue of choosing the polarity of the
information signal has been schematically solved in
the current sensor matching unit of the discharge
particles; the optimal value of the time constant of
the output signal filter has been determined; a bi-
polar voltage converter with galvanic isolation is
installed to power the operational amplifiers of the
background current and partial discharge current
sensor matching units; a controller is installed that
performs the functions of converting analog signals
of the terminal cascades of sensors into digital form,
as well as testing the information signal and prepar-
ing the transmitted information; a radio modem is
installed for transmitting a telemetry signal over a
radio channel.

The appearance of the layout of the upgraded
current sensor is shown in Figure 2.

The main components of the layout of the up-
graded current sensor:

1 - partial discharge current sensor matching
unit;

2 —primary converter of the partial discharge
current sensor;

3 — primary converter of the volumetric (back-
ground) current sensor;

4 — volume current sensor matching unit;

5 — power supply voltage converter of electronic
equipment of combined current sensor;

6 — controller for primary processing of output
signals of volume current and partial discharge cur-
rent sensors, as well as preparation of the transmitted
signal by means of a radio modem;

7 —radio modem.

The primary converter of the background current
sensor 3 is made on the basis of a toroidal magnet-
ic core made of electrical strip steel. The use of such
a design makes it possible to reduce the negative
impact of the high-frequency component of partial
discharge currents and increase the amount of flow
coupling between the windings of the primary con-
verter. The electronic blocks of converters 1 and 4 are
structurally placed in shielded enclosures, which in-
creased their noise immunity. The design of the pri-
mary converter of the partial discharge current sen-
sor 2 is based on the Rogovsky Belt scheme [7], which
provides the required frequency characteristics.

The block diagram of the combined sensor of the
industrial frequency background current and partial
discharge current is shown in Figure 3.

The combined leakage current sensor consists of
four functionally complete units:

B — volumetric (background) current sensor;

C - power supply unit;
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Figure 2 — Design of the layout of the combined leakage current sensor of suspended insulators

D —block for transmitting telemetry information
over the radio channel;

E — partial discharge current sensor.

The volumetric leakage current of the suspended
insulator Iob through the winding Wp of the trans-
former T1 enters the input of the amplifier Al with
a differential input. The main harmonic of the indus-
trial frequency from the output of the amplifier Al
enters the input of the low-pass filter A2. The signal

from the output of the filter A2 through the compen-
sation winding Woc enters the resistor R1. The pres-
ence of negative feedback makes it possible to linear-
ize the nonlinear dependence of the magnetic system
of the transformer T1. The harmonic signal from the
resistor R1 enters the input of the single-half-period
precision rectifier A5. The signal from the output of
the precision rectifier A5 enters the input of the sam-

pling — storage device — C1. This ensures the conver- EZEl
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Figure 3 — Block diagram of the combined leakage current sensor of the suspension insulator

sion of the signal from the output of a single-half-pe-
riod rectifier into an analog signal proportional to the
amplitude value of the leakage current. To reduce
the influence of electromagnetic interference on the
analog output signal, it is converted to A6 in current
form. By means of resistor R2, the output signal of
the voltage-current converter A6 is consistent with
the analog input of the controller A7.

Monitoring of the current of partial discharges in
block E is carried out by means of a primary convert-
er T2, made on the basis of a transformer with an air
magnetic circuit (Rogovsky belt). The signal from the
transformer winding W1 is amplified in the amplifier
A9 with a differential input. In the precision rectifi-
er A10, a constant component of the high-frequency
signal of positive polarity is allocated. High-frequen-
cy signal filtering is implemented by a second-order
filter A11. In order to increase the noise immunity of
the partial discharge sensor, the voltage to current
converter A12 converts the output signal of the filter
All into a current form. By means of resistor R3, the
signal is scaled and matched with the analog input of
controller A7.

The collection, averaging, primary processing of
information, as well as monitoring the operability of
the radio channel is carried out by the A7 controller.
The transmission of telemetric information is carried
out by the RM radio modem.

In the course of experimental studies of the com-
bined current sensor, a significant negative effect of
the induced variable component in the power supply
wires of the combined current sensor was found. In
order to eliminate this negative influence, galvan-
ic isolation devices combined with power supply
voltage stabilizers are installed in the power supply
circuit.

Thus, the relevance of the development of a com-
bined leakage current sensor of a suspended insu-
lator on AHVPTL is justified. Taking into account
the safety requirements, a constructive solution for
mounting a combined current sensor in the grounded
part of the suspended insulator is proposed. A block
diagram of a combined current sensor providing in-
formation transmission over a radio channel has been
developed [8-10].
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AHOamna. Acrnasbl OKWAYAGF6IWMbIH GFbIM Kemy moeblHblH BipikmipineeH damyueiHiH, damysl kKepceminzeH. lwiHapa
pa3pAa0 MOKMApPbIHLIK ACMALI OKWAYAGFEILMAPFA dCEP emyiHiH HaFbIMCbI3 hakmopaapsl cunammasnsaH. amyosiH
e3eKkminiei Heziz0enzeH. ®oHObIK MOK damuyuzi MeH Xapmelaal pa3padmel MoK 0amyuziHeH mypamelH Apaadc MoK
0amyueiHiH KypblnbIMObIK CXeMACbIHA KOUbLAGMbIH Mananmap mycelpselMOanraH. Acrnansl OKWAaynarslumelH Gfeln
Kemy moebiHbiH, bipikmipineeH damyuziHiH KypbiabIMObIK CXeMacsl #acanosl. bipikmipineeH moK ceHcopbiH bekimy-
0iH KOHCMpYKMu8mi wewimi ycoiHbin0bl. XMaHapPMoelAFaH MOK CEHCOPbIHA IKCePUMEHMMIK 3epmmeysnep #yp2isinoi.
OHblIH, OpHANACYbIHbIH Hezi32i KOMIOHeHMmepi YCbIHbIFAH.

Kinm ce3dep: 6ipikmipinzeH mok damyuei, iwiHapa pa3pad moabl, GOHObIK aFbil Kemy MOoFbl, 31eKmMpP IHEP2UACbIHbIH
HCOFQAsYbI, ACMAbI OKWAYAAFbIW, HOFAPbI 80/bMMbl 37EKMP HEAiNepi, 31eKmp sHep2emuKacsl.
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AHHOomayus. [lpedcmasneHa pazpabomka KOMOUHUPOBAHHO20 aMYUKA MOKA ymeYKu nodeecHo2o uzoaamopad. Onu-
CaHbI HeeamueHble haKmMopbl 8AUAHUS MOKO8 YACMUYHbIX pa3psA008 Ha nodsecHble U30aamopsl. O60CHO8AHA AKMYy-
asneHocmMb paspabomku. ChopmynuposaHsl mpebosaHUA K CMPyKMypHoU cxeme KOMOUHUPOBAHHO20 OGMYUKA MOKA,
cocmosw,ezo u3 0amyuKka hoHOB8020 MOKA U OGMYUKA MOKA YACMUYHbIX pa3pAa0os. PaspabomaHa cmpyKmypHas cxe-
Ma KOMBUHUPOBAHHO20 OaMYUKA MOKA YMeYKU node8ecHo20 U30aamopd. [pedsnoneHo KOHCMPYKMUBHOE pelieHue
KpenaeHus KOMOUHUPOBAHHO20 OamMYuKa MoKa. [TpoeedeHbl IKCcnepumMeHmasbHble Ucc1e008aHUS MOOePHU3UPOBAH-
Ho20 0amyuka moka. lMpedcmasseHbl OCHOBHbIE KOMITOHEHMbl €20 MaKema.

Kniouesbie cnoea: KOMOUHUPOBAHHLIU OGMYUK MOKA, MOK YaCMUYHbIX pa3pAacos, poHO8bII MOK ymeyKu, nomepu
anekmposHepauu, NodsecHoli U30aAMop, 8bICOKOBObMHbIE 8030y WHbIe AUHUU 31eKmponepeday, 31eKmposHepaemu-
Ka.
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