
 
Copyright © 2018Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

 

International Journal of Engineering & Technology, 7 (4.38) (2018) 355-359 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET 
 

Research paper  

 
 
 

The Mutual Influence of Signals from the Location Monitoring 
Equipment and Technological Communication in the High-

Frequency Path of Power Transmission Line 
 

Renat Minullin1*, Ilshat Fardiev2 
 

1Kazan State Power Engineering University, Krasnosel'skaja 51 St., Kazan, 420066, Tatarstan Republic, Russia  
2JSC "Grid Company", Bondarenko St., 3, Kazan, 420094, Russia 

*Corresponding author E-mail: minullin.r1@mail.ru 
 

 
Abstract 
 
The paper describes the main characteristics of equipment used for technological communication by means of overhead electric transmis-
sion lines: high-frequency relay protection, command transmission of emergency control, high-frequency communication for the trans-
mission of telemechanics and telephony signals, as well as equipment for a location equipment for monitoring the condition of electric 
transmission lines. The results of experimental studies on the mutual influence of the signals from the location monitoring equipment and 
technological communication in the high-frequency path of overhead transmission lines are presented.  It shows a lack of effect of signals 
from location monitoring equipment on the work of technological communication equipment. Methods are proposed to reduce the influ-
ence of technological communication signals on the operation of location equipment: the method of signal accumulation and the method 
of digital filtering of signals. Analysis of the results of joint operation of the location monitoring equipment and high-frequency commu-
nication equipment under various conditions and operating modes on operating 35-330 kV overhead lines confirms their full compatibil-
ity. 
 
Keywords: electric transmission line; High-frequency path; Equipment for location monitoring; Equipment for technological communication; Mutual 
influence. 
 

1. Introduction 

High-voltage transmission lines with a voltage of 35 kV and 
above are widely used to transfer technological information neces-
sary for the management and operation of power systems. 
At the same time, relay protection signals, emergency control 
automatics and high-frequency communication with the transmis-
sion of telemechanics and telephony signals are transmitted [1-3] 
Simultaneously, high-frequency paths of power lines are used to 
monitor power line wires in order to detect damage on them in the 
form of breaks and short circuits, as well as the detection of ice 
formations [4-10]. 
The mentioned equipment of technological communication works 
in the frequency range of 16 - 1000 kHz, which is allowed for use 
by power engineers for industrial purposes. The transmission of 
technological communication signals is carried out in the pass 
band of 3.4 kHz. Transmitter power can reach 80 W, which corre-
sponds to an output signal amplitude of approximately 80 V at a 
load of 75 Ohm. The sensitivity of the receivers is approximately 
40 dBm. The duration of the signal transmission is in the range of 
10-25 ms [11-12]. 
Let us consider brief characteristics of the equipment used for 
technological high-frequency communication. 

2. Characteristics of the Equipment of Tech-
nological Communication 

With high-frequency relay protection, two types of protection are 
mainly used: 
- remote with high-frequency blocking; 
- differential-phase. 
The signals of the high-frequency relay protection are the sending 
of one frequency, i.e. the communication channel is single-
frequency. 
The action of differential-phase protection is based on comparing 
the phases of the currents along the ends of the protected line. 
Transmission of the phase of the current of this end to the opposite 
end of the line is carried out on the high-frequency channel by the 
method of amplitude manipulation of the carrier frequency of the 
transmitter in the range 16-1000 Hz. Manipulation is carried out 
with a voltage of an industrial frequency of 50 Hz, proportional to 
the short-circuit current. The pulses of the carrier frequency are 
transmitted during certain half-periods (positive or negative) of 
this voltage and for a duration of 10 ms. The optimum bandwidth 
of the receiver for relay protection channels is 1200 - 1400 Hz. 
The equipment for transmitting the commands of the emergency 
control system is single-frequency. The transmission of com-
mands is usually carried out by a single-pulse frequency code 
(each command corresponds to a signal of a certain frequency 
within a 3.5 kHz band), but can also be formed by a two-
frequency parallel or sequential code. The carrier frequencies are 
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in the range 16 - 1000 Hz with a bandwidth of 3.5 kHz. Up to 32 
(64) teams can be transferred. The command transmission time is 
25 ms, the accuracy of the start and end of the command is 1 ms. 
High-frequency communication equipment for the transmission of 
telemechanics and telephony signals is intended for the organiza-
tion of operational dispatch and technological control channels, 
telemechanics, data transmission in the electric power industry. 
For carrier transmission, a frequency range of 20 to 1000 kHz is 
used with a bandwidth of 0.3 to 3.4 kHz, a modulation type of 
TDMA. Voice information is transmitted in the frequency band 
0.3-3.3 kHz. The telemechanics channels have passages of 150 Hz 
with a pulse duration of 10 ms and during transmission occupy a 
frequency band in the range 2.3 - 3.4 kHz. 
The equipment of the location complex generates probing pulses 
of a rectangular or triangular shape with a duration of 1-10 μs with 
an amplitude of 20-50 V in a transmission band of 1000 kHz. [1-9] 
The amplitudes of the signals of the pulsed location complexes 
and the equipment of the high-frequency technological communi-
cation are approximately the same, their maximum values can 
reach 100 V. The duration of the signals is very different. The 
durations of the pulses of the location complex are in the range 1-
10 μs. It is 1000-10,000 times less than the duration of the signals 
of the technological communication equipment, which is within 
10-25 μs. In this case, pulse signals use a bandwidth of 1000 kHz, 
and high-frequency signals - 4 kHz. 
Thus, the signal voltage per unit bandwidth in 1 Hz is 1х10-10 V / 
Hz for the location complex, and for the high-frequency commu-
nication equipment it is 1х10-4 V / Hz. 

3. Results of Experimental Studies 

In other words, in the 4 kHz frequency band used by the high-
frequency apparatus, the signal energy of the location complex 
equipment is six orders of magnitude (a million times) lower than 
the signal energy of the high-frequency communication equipment. 
Naturally, localized pulses with such low energy cannot cause 
significant distortion of the signals of the high-frequency commu-
nication equipment, which can lead to their false triggering. As 
calculations and experiments have shown, the pulsed signals of the 
location complex, due to their small power, do not affect the oper-
ation of high-frequency equipment of technological communica-
tion, which maintains relay protection systems, telemechanics, 
emergency automatics and telephony. 
Studies on local monitoring of power transmission lines have been 
conducted by theoretical and experimental methods by the staff of 
Kazan State Power Engineering University under the guidance of 
professor Renat Minullin for 23 years, since 1995. Regular meas-
urements on existing power lines began in 2007 at the substations 
Bugulma-110 and Kutlu Bukash (Tatarstan Republic), and in 2013 
measurements began at the substations Shkapovo (Bashkortostan 
Republic) and Baksan (North Caucasus). Locating systems are 
working properly and reliably to this day, servicing power lines 
with a voltage of 35 - 330 kV, over which over 500 thousand re-
flectograms were taken during the elapsed time. 
The problem of mutual electromagnetic compatibility of the loca-
tion complex with high-frequency equipment for technological 
communication was studied in detail in 2007-2009 by theoretical 
means and was accompanied by measurements on existing power 
transmission lines, including power lines departing from the 
Bugulma-500 substation. This problem was successfully solved by 
a group of Kazan State Power Engineering employees under the 
guidance of Professor Renat Minullin 10 years ago in 2007-2009. 
For 10 years of experiments on existing 35 - 330 kV lines and 
engineering solutions, there has never been a situation where sig-
nals from location complexes interfered with the operation of 
high-frequency equipment for technological communication. Dur-
ing the entire operation of these transmission lines, there were no 
comments from the services of relay protection, emergency con-
trol and communications. 

Below are the results of experimental studies performed in 2007-
2009 by the Kazan State Power Engineering University staff [13-
15]. 
Let us consider, as examples, the results obtained on operating 
power lines and clearly characterize the signals of the location 
complex and high-frequency technological communication 
equipment. Technological communication is carried out over high-
frequency paths of power lines, which includes a high-frequency 
cable (HC), a connection filter (CF) with a high-voltage coupling 
capacitor (CC) and a high-frequency choke (HFC). 
Example 1. In high-frequency channels, the amplitude of the sig-
nals of the high-frequency equipment is always higher than the 
location pulses, as can be seen in Figure 1. 
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Fig. 1: Comparison of a random discrete packet of fluctuation jamming 
and a localized pulse on a 35 kV line with a length of 22 000 m: a - line 
diagram; b - a trace of the line with interference from the RF equipment 
and a local impulse reflected from the OT at the end of the line at point B 
(indicated by an oval) 

In this case, the location pulses from the REIS-105R reflectometer 
2 μs long are much smaller than the pulses of the AST-RS equip-
ment  and cannot affect the operation of this apparatus. 
Example 2. In Figure 2 shows a reflectogram taken at the operat-
ing line "Bugulma-500-Pismyanka" with a voltage of 220 kV, 
where the equipment for the relay protection of the high-frequency 
blocking (HFB) is installed (in Figure 2 it is not indicated). On the 
reflectogram of Figure 2, b, the signal of the high-frequency 
equipment is visible, against the background of which it is impos-
sible to detect the pulse of the locational complex reflected from 
the end of the line. The application of averaging of reflectograms 
makes it possible to isolate the local impulse in point B, as can be 
seen in Figure 2, c. 
The presence of a local impulse with a voltage of 22 V and a dura-
tion of 4 μs for the operation of the high-frequency blocking does 
not affect. 
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Fig: 2. Selection by the averaging method among random interference from the 
equipment of the high-frequency pulse of the local sounding on the 220 kV line 
with a length of 33 800 m: a –circuitline; b - reflectogram of the set of signals of 
the equipment HFB and REIS-205; c - averaged trace of 15 measurements with a 
dedicated location pulse reflected from the OT at the end of the line at point B 
(indicated by an oval) 

Example 3. The measurements were carried out on an air line of 
220 kV "Bugulma-Pismyanka" with a length of 33.8 km without 
ice. On the line there is a channel for relay protection of the high-
frequency blocking type equipment. The sounding was carried out 
by the REIS-205 reflectometer, which was connected to the RF 
cable as can be seen in Figure 3. 
In the reflectometer, the following pulse parameters were set, the 
amplitude: U = 22 V, τ = 4 μs, averaging 10. 
As the measurements have shown, the location signals do not 
affect the operation of the relay protection equipment regardless of 
the time reflectogram registration. 
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Fig. 3: Selection by averaging method among the interference from the equip-
ment of the high-frequency sounding signals of the local sounding reflected 
from the HFC at the end of the 220 kV line 33 800 m at point B (indicated by 
an oval) on different probing days: a - line diagram; b - the reflectogram regis-
tered on January 28, 2008; c - a reflectogram registered on February 15, 2008 

Example 4. In Figure 4 shows the reflectograms taken at the 
current power transmission line "Bugulma-500-Bugulma 110" 
with a voltage of 110 kV, where the high-frequency blocking 
equipment was installed. On the reflectograms of Figures 4, b 

and 4, c there are cases of recording signals of the location 
complex in the absence and in the presence of ice on the wires 
of the current transmission line. The connection of the location 
complex does not affect the operation of the high-frequency 
blocking equipment. 
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Example 5. Detection of the short-circuit on the wires of the 
"Rybnaya Sloboda-Kamskaya" power line with a voltage of 
110 kV was carried out by means of local sounding with the 
ABC high-frequency communication equipment. On the reflec-
togram of Figure 5, the impulse reflected from the place of a 
short circuit, because of its smallness, cannot be detected on 
the background of the signals of the ABC equipment. It can be 
detected only by averaging 10 or 30 reflectograms. For the 
operation of the ABC equipment, the pulses of the local sound-
ing by the REIS-205 reflectometer with an amplitude of 22 V 
and a duration of 3 μs do not influence. 
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equipment ABC-TSM and REIS-205; c, d - averaged reflectograms with a 
dedicated pulse reflected from the point of short circuit at point B (indicat-
ed by an oval), with averaging of 10 and 30 reflectograms, respectively 
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At the same time, the application of the averaging method 
makes it possible to reliably isolate the pulses of the local 
sounding among random noise, which are the signals of the 
technological communication equipment for the location 
pulses, and thus neutralize their influence on the local meas-
urements. 
Example 6. In Figure 6 it is shown an example of the selection on 
the reflectogram of pulses reflected from the place of a short cir-
cuit. Figure 6, b shows the reflectogram obtained on the "Rybnaya 
Sloboda-Kamskaya" transmission line with 110 kV voltage in the 
presence of transmission line pulses of local sounding from the 
REIS-205 reflectometer and the signals of the ABC transmitters. 
Against the background of the signals of the transmitters, the puls-
es of the local sounding, reflected from the short circuit at a dis-
tance of 17,700 m from the beginning of the line, are practically 
impossible to detect. 
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Fig. 6: Selection of the local sounding pulse reflected from the place of a 
two-phase short circuit on the 110 kV line with a length of 29 700 m 
among systematic disturbances from the ABS-TSM equipment from the 
ABS-TSM equipment: a - line layout; b - reflectogram of the set of signals 
of the equipment ABS-TSM and REIS-205; c - the spectrum of the reflec-
togram;  d - processed and reconstructed reflectogram with a dedicated 
pulse reflected from place of fault at point B (indicated by an oval); f - 
processed spectrum of the reflectogram after digital filtration 

The spectrogram of the set of signals present in the high-
frequency path of the power line is shown in Figure 6, in 
against the background of the components of the spectrum of 
the probe pulse. The carriers with side components of the sig-
nals of the ABC transmitters operating at frequencies of 894 
kHz and 938 kHz are clearly visible.  Figure 6, d shows the 
same spectrogram (with amplification of the spectrum compo-
nents), but with the "cut out" sections on the frequency axis 
using digital filters. The boundaries of the cut out sections are 
indicated in Figure 6, d vertical dashed lines. The cut out sec-
tions overlap portions of the spectra with harmonic compo-
nents of the signals of the ABC transmitters near the frequen-
cies of 894 and 938 kHz. Thus, the signals of the transmitters, 
which are interference to the local sounding pulses from the 
spectrum, have been removed. 
On the basis of the transformed spectrum of signals, the reflecto-
gram of the local sounding, shown in Figure 6, d has been recon-
structed. On the reconstructed reflectogram, the signals of the 
ABC transmitters are completely absent, and at a distance of 
17700 m at point B there is clearly a negative pulse reflected from 
the place of short circuit on the line, with traditional accompany-
ing oscillations with a damped amplitude. 
Thus, the influence of the signals of the technological 
communication equipment (systematic interference for the 
local channel) on the selection and recognition of localized 
pulses is neutralized. Experimental studies have shown that 

signals reflected from line inhomogeneities (short-circuit 
places of wires) can be reliably identified against the back-
ground of technological signals of the high-frequency tract 
by spectral analysis of current reflectograms. 
Let us estimate the influence of local impulses on the operation of 
the equipment for technological communication. 
The ratio of the amplitude of the carrier signal of the transmitter 
ABC at 894 kHz, located at point A, and the amplitude of the 
115th harmonic of the reflectometer pulse corresponding to this 
frequency, is 40/1. The ratio of the amplitude of the carrier signal 
of the transmitter at a frequency of 938 kHz, located at the point A, 
and the amplitude of the 120th harmonic of the reflectometer pulse 
corresponding to this frequency, is 20/1. 
Analyzing these ratio, it can be concluded that the impact of the 
pulse of the REIS-205 is practically absent, since the energy of the 
reflectometer pulse entering the receiving channel having a band-
width of 4 kHz is negligible. This conclusion applies to both re-
ceivers of ABC equipment located at points A and C. 
Thus, the differences in the spectrograms of the broadband prob-
ing pulse of the reflectometer and the narrowband signals of the 
ABC transmitter are clearly visible in Figure 6. These differences 
can be used, using digital filters, to separate these signals, if they 
are in the same high-frequency path, which is done during the 
operation of the location complexes on the operating power lines 
35-330 kV. 
The analysis of the results of joint operation of the monitoring 
equipment and high-frequency communication equipment under 
various conditions and operating conditions on 35-330 kV lines 
confirms their complete electromagnetic compatibility.  

4. Conclusion  

Our location equipment has been successfully operating to date 
from 2009 on 2 substations "Kutlu Bukash" and "Bugulma-110" 
(Tatarstan), and also since 2013 at the substations "Shkapovo" 
(Bashkortostan) and "Baksan" (Northern Caucasus), without inter-
fering with the equipment of high-frequency technological com-
munication [16-19]. 
Many years of experience in high-voltage transmission lines 
shows the lack of influence of location complexes on the operation 
of high-frequency technological communication systems [20-25]. 
Analysis of the results of joint operation of the monitoring equip-
ment and high-frequency communication equipment under various 
conditions and operating conditions on 35-330 kV lines confirms 
their complete electromagnetic compatibility. 
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