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Abstract: The work is devoted to the features of propagation of electromagnetic signals (20-1000
kHz) along multi-wire overhead transmission lines. For monitoring the status of overhead power
lines, a location method can be used. For connection to power lines, the connection equipment is
used, which forms the high-frequency path of the power line, which has a limited frequency
bandwidth. To select the optimal signals of location probing, it is necessary to investigate the
impact of high-frequency path on the pulsed signals. This paper investigates the distortion of
pulsed location signals in high-frequency paths. The influence of elements of the high-frequency
path is studied using a simulation model of the high-frequency path of an overhead transmission
line developed in the PSCAD software environment with subsequent experimental verification.
Elements of high-frequency path of the developed simulation model are described. The influence of
duration of the probe pulses on the shape and spectrum of the reflected signals is analyzed. It was
established that during the passage of microsecond pulses, their differentiation occurs, the
reflected signal is a combination of responses from the rising and falling edges of the probe pulse.
With this in mind, criteria are proposed for optimizing the duration of the location pulses. During
formation of ice deposits on the overhead lines wires, additional distortion of the pulse signals’
shape occurs. Using the experimental data, the distortions of the reflected pulsed signals and their
spectra are analyzed as ice deposits grow on the wires of overhead power lines. The established
patterns of pulse shape distortion and the developed criteria for optimizing the pulse duration are
used for location probing of overhead power lines to control ice deposits on the wires and to
detect damage.
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Pesrome: Paboma noceawena 0cobeHHOCMAM pACNPOCMPAHEHUs. INEKMPOMASHUMHBIX CUSHANO8
(20-1000 xI'y) no mHo20NPOBOOHBIM 6030VUIHBIM TUHUAM dJeKkmponepedayu. [isk MOHUMOpuHaa
COCMOAHUSL 8030V UIHBIX TUHUL INEKMPONEPeOa iy MOXCem UCHOIb308AMbCA TOKAYUOHHBIL MEeMOO.
Hnsa nooxmouenus K JTUHUAM IAEKMponepeoauu UCHOIb3Vemcs annapamypa npucoeouHeHus,
00pa3yIoWyIo  6LICOKOYACMOMHBIL  MPAKM  TUHUY  dJeKmponepeoaul, KOMOpbvlll  umeem
OCPAHUYEHHYIO HACMOMHYI0 NOAOCY NPONYCKaHus. [na  6bl00pa OnMUMANbHbIX CUSHANO8
JIOKAYUOHHO20 30HOUPOBAHUA HEOOXOOUMO UCCIe008amb GIUAHUE bICOKOYACMOMHO20 MPAKMA
HA — UMNYIbCHble — cucHaavl. B pabome  uccnedyiomcs — uUcCKadceMus  UMHYIbCHLIX
JIOKAYUOHHBIXCUSHANIO8 8 BLICOKOUACTNOMHBIX MPAKmMax. Bauanue snemenmos 8uicokouacmomnozo
mpakma ucciedyemcs ¢ HOMOwblo  paspabomannou 6 npoepammuou cpede PSCAD
UMUMAYUOHHOU MOO€NU 8bICOKOUACTHOMHO20 MPAKMA 6030YWHOU JUHUU DNIeKMponepeoavu ¢
nocnedyiowetl SKcnepuMeHmanvHoll nposepkou. Onucvleaiomes d1eMeHmyl 8blcOKOYACOMHO20
mpakma paspabomanHoll UMUMAYUOHHOU MoOenu. Ananusupyemcs 6eausHue OnumenbHOCHU
30HOUPYIOWUX UMNYILCO8 HA POPMY U CHEKMP OMPANCEHHBIX CUSHANO8.YCMAHOBNEHO, Mo npu
NPOXOAHCOCHUU MUKPOCEKYHOHBIX UMNYIbCO8 NPOUCXOOUM UX OughpepeHyuposanue, ompaxceHHbull
CUSHAN ABNAEMCA KOMOUHayuell OMKIUKO8 Om nepeoHe20 U 3a0He20 (POHMO8 30HOUPYIOUEe20
umnynoca. C  yuemom 2mo20 npeonasarmcs Kpumepuu — ONMUMUZAYUU  ONUTNETbHOCIU
JIOKAYUOHHBIX UMNYIbCos. [Ipu 06pazoeanuu 20101e0HbIX OMLONCEHUL HA NPOBOOAX 8030VUIHbIX
MUHUL  NPOUCXOOUmM — OONOTHUMENbHOE — UCKAdiCeHue QOopMbl  UMNYIbCHBLIX  cueHanos. Ilo
IKCNEPUMEHMATLHBIM OAHHBIM AHATUSUPYIOMCS UCKANCEHUS OMPAICEHHBIX UMNYIbCHBIX CUSHANO8
U UX CHeKmpo8 Npu HAPACMAHUU 20]0NEOHbIX OMIOMCEHUN HA NPOBOOAX G030VUIHLIX NUHULL
aekmponepedayy. Ycmanosnennvie 3aKOHOMEPHOCMU UCKANCEHUS (DOPMbL  UMRYILCOS U
paspabomannvie Kpumepuu ONMUMUZAYUU OTUMETLHOCU UMNYILCOS UCTIONLIVIOMCA  HpU
JIOKAUUOHHOM 30HOUPOBAHUU B030YUIHbIX JUHULL JJeKmponepeoayu O KOHMPOIs 20101e0HbIX
OMI0JHCEHUTI HA NPOBOOAX U OOHAPYI’CEHUSL NOBPENCOCHU.

Knroueevie cnoea: 6030ywHas JIuHUSA ~ 2NeKMponepeoavu;  GblCOKOYACMOMHbIL — MpPAKm,
JIOKAYUOHHOE — 30HOUPOBAHUE; UMNYAbC, opma, CcneKmp;, OAUMENbHOCHb;  UCKANCEHUS,
UMUMAYUOHHASL MOOETb,; 20JI0JICOHbLE OMIONCEHUSL.

Bnazooapuocmu: Mamepuanvl 0151 nyoauxkayuu noO20mMosienvl npu QUHAHCOB0U NOOJepicKe
Munucmepcmea nayku u evicuieco oopazoeanuss P® no Coenawenuio Ne 14.574.21.0141 om 26
cenmsibps 2017 200a, ynukansnvii uoenmugurxamop npoexkma RFMEF157417X0141.

Introduction

Overhead power lines (OHPL) are the least reliable elements of a power system, as they are
long, and are exposed to atmospheric and human impacts. During their operation, dangerous impacts
on their elements can appear that are not provided by the conditions of normal operation and lead to
damage and, consequently, to serious accidents. In addition, in some cases the reliability of the
overhead line operation is reduced due to the existing deterioration of electrical equipment.
Therefore, the issues of OHPL monitoring, timely preventive control of wires condition, rapid
detection and elimination of accidents consequences are urgent tasks for power engineers around the
world.
According to the high voltage classes, the most massive and extended class of 110 kV brings the
largest number of technological violations. A significant contribution to the accident statistics of
overhead lines is made by glacial accidents occurring due to the formation of glaze deposits of excess
size. For example, in the autumn-winter period of 2017-2018, the share of accidents caused by ice
was about 15% of the total number of accidents™.

Location monitoring of overhead lines

! All-Russian meeting “Results of the autumn-winter period of 2017-2018” Ministry of Energy of the

Russian Federation 2018. Available at: https://minenergo.gov.ru/node/7822 Accessed: 14 Apr 2019.
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One of the promising methods for remote monitoring of the overhead power lines state is
the method of location probing [1-5]. This method provides early detection of the beginning of the
icing process on the wires, followed by monitoring the dynamics of the growth of ice deposits,
determining the moments of the beginning and end of ice melting. In case of an accident, this
method determines the distance to the place of damage.

Figure 1 shows a diagram of connection of location equipment to an overhead power line at
the Kutlu-Bukash substation (SS) using a coupling capacitor (CC) and a connection filter (CF). To
prevent shunting of substation buses, a high-frequency stopper (HFS) is used, which together with
the overhead lines form a high-frequency (HF) overhead line path. A connection filter FPM-6400
(passband of 51-1000 kHz) with a coupling capacitor SMP-110v3-6400 and a supression filter
VZ-630-0.5 (suppression band is 160-1000 kHz) are installed on this overhead line.

SS “Kutlu-Bukash” OHL 110 kV 40 SS “Rybnaya Sloboda”
HFS HFS
- I
—_—CC

[\/\/\/\\ Al
VAL e

Fig. 1. Connection diagram of the location device to the wires of the 110 kV “Kutlu-Bukash —
Rybnaya Sloboda” OHPL (a), reference reflectogram (b)

The transmitter of the location device emits a probe pulse to the overhead power line,
which after reflection from the inhomogeneities of the wave resistance of the overhead line (for
example, the line end, branch, damage) is received by the receiver of the location device. In this
case, the propagation time and amplitude of the reflected pulse characterize this inhomogeneity
and the propagation conditions of pulse in the line.

Most commonly, a location device works in parallel with technological high-frequency
communication equipment, which imposes a number of requirements on the mutual compatibility
of equipment [6], and on the methods used to extract location signals among technological RF
communication signals [7]. The existing simulation models of overhead power lines either do not
take into account the influence of the connection equipment [8, 9], or describe the line wires using
a phase-independent frequency model [10], and this is a reason why there is a discrepancy between
the model and experimental results.

Simulation model of an overhead power line

To study the features of distribution of location signals along the HF paths of the overhead
lines, a simulation model was developed in the PSCAD software environment. The model of the
HF path of the overhead line includes: multi-wire lines near the earth surface (phase wires and
ground wearers of the overhead line); connection devices consisting of connection filters with
coupling capacitors, HF cables; processing devices, consisting of high-frequency stoppers -
separation circuits, which are a particular case of separation filters; high-voltage equipment of
substations, located behind the high-frequency stopper (it is presented by an equivalent active
resistance and capacity).
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The RF path circuit starts with a pulse generator and ends with a “connection device”,
simulated by a 75 Ohm load. Consider the process of setting the parameters of the elements of the
RF path.

1. The pulse generator is a standard component from the PSCAD component library and
allows one to get a pulse of a given duration and amplitude. The following basic parameters are set
for the generator: the start time of the pulse generation, duration, pulse amplitude and output
resistance. The probe pulse duration of location probing can be set in the range from 1 to 200 ps,
the pulse repetition period is from 0.1 to 100 ms. The pulse generator is connected directly to the
HF cable. An oscilloscope is connected to the same point, which enables recording probe and
reflected signals with a given time step, and this is a way to measure the reflectogram.

2. The connection device consists of a high-frequency cable (HFC), a connection filter and
a coupling capacitor. The RC-75 high-frequency coaxial cable is a standard component from the
cable library. The main parameters specified for this component are: cable length, radius of the
current-carrying core, radius of the insulating layer, radius of the protective coat, specific
resistance of the core, specific resistance of the ground, frequency range. The high-frequency cable
is connected to the connection filter (Fig. 2).

| 1
A {1 .
0.54 [mH] 6 4-9 [F] KB_phA
o B 1 Cable 2
5 igy.} 0.0115 [mH] 39.82e-9[F] ||
E{ f o 0 [ohm]

Fig. 2. Wiring diagram of the RF cable to the connection filter

The connection filter performs the following functions: compensates the reactance of the
coupling capacitor at operating frequencies; grounds the lower lining of the coupling capacitor at a
frequency of 50 Hz; serves as a matching element between the RF cable and the linear path. FPM-
6400 connection filter is installed at the 110 kV overhead line “Kutlu-Bukash — Rybnaya
Sloboda”. The coupling capacitor SMP-110 is represented by a capacity of 6400 pF.

3. The processing device consists of VZ-630 high-frequency stopper. The stopper is cut
into the line working wire between the connection point of the coupling capacitor and the
substation buses. In this range, it is possible to form the following tuner configurations: single-
frequency, double-frequency, single-frequency blunt, double-frequency blunt, broadband. The
diagram of VVZ-630 stopper is shown in Fig. 3.

0.21 [mH]

. m] 7
: TE
| { {

Fig. 3. Electrical circuit of the high-frequency stopper.
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4. The linear RF path is formed by the OHPL phase wires and ground wearers, if the
overhead line is double-circuit, then the phase wires of the second circuit are also taken into
account. Power line wires are presented in the form of a coaxial cable with a zero thickness of the
insulating layer and a protective coat, although the PSCAD software environment has standard
libraries for Tline overhead lines. This choice of model is due to the fact that in this model it is
possible to set the core cross section of the steel-aluminum wire. The 110 kV overhead line
“Kutlu-Bukash — Rybnaya Sloboda” in the model is represented by the Line09 element (Figs. 4,
5). The terminal ends of the three phase wires and ground wearers at the substations “Kutlu-
Bukash” and “Rybnaya Sloboda” are designated as C1, C2, C3 and C4. The ends of the ground
wearers C4 are low-resistance grounded.

The main parameters specified for this component are: the overhead line length, the
location of the wires in vertical and horizontal directions relative to the ground, the steel core
radius, the aluminum coil radius, the insulating layer radius, the wire resistivity, the ground
resistivity, the frequency range.

e “"hneas 2 5 Lineagkl s
KE_BhA ine3d ¢ & Line AS_phA

Te8[F] ., . 2=8[F

— =4 8 & e

1e-6 [F]

=3 ¢ & et

] 3
(4] [ ]
- e o
g— Line® g— 55 R.Slcbods

55 Bukash

Fig. 4. Elements of the model of the 110 kV overhead power line.

5. The input resistance of the substation at the ends of the HF path, at the places of HF
bypass and at the taps is set by the equivalent capacitance, the value of which is determined in
accordance with the recommendations set out in the Methodological guidelines for calculating the
parameters and choosing high-frequency path circuits for 35-750 kV AC power lines (Standard of
PJSC FGC UES STO 56947007-33.060.40.052-2010. - Access mode:
http://www.fskees.ru/upload/docs/sto_56947007-33.060.40.05.05-2010_red.pdf.  (Access date
12/20/2018).).

Simulation procedure

In the developed model of the 110 kV “Kutlu-Bukash — Rybnaya Sloboda” overhead line,
the optimal parameters of the probe pulse were determined by simulation. The expected shape of
the received reflected pulses was obtained upon reflection from the end of HF path to supply the
highest amount of probe pulse energy to the HF path and optimization the measurement results
processing. In addition, this model allows one to simulate the detection of damage on the overhead
power lines wires using the location method [11].

The results of calculating the pulse shapes and the corresponding frequency spectra during
the passage of a rectangular pulse of 2 ps duration through the HF elements of the “Kutlu-Bukash-
Rybnaya Sloboda” overhead line are shown in Fig. 6.
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Fig. 5 The layout of the 110 kV overhead power line wires relative to the earth

The rectangular pulse (Fig. 6, a) after passing through the high-frequency cable remains
practically unchanged: there is a slight increase in the duration of the fronts (Fig. 6, b). After
passing through the connection filter, the pulse turns into a response (Fig. 6, c), which is
approximately similar to one and a half period of a sinusoidal signal of approximately 15 ps. In
this case, the constant component disappears, since the signal passes through the coupling
capacitor, and the amplitudes of the low-frequency components (harmonics) sharply decrease, the
maximum of the spectrum is in the region of 120 kHz.

After the pulse signal passes through the connection filter, damped oscillations appear (Fig.
6, ), as was indicated above. The HF stopper partially shunts these oscillations (Fig. 6d) and their
amplitude decreases. Under the influence of HF trap, a maximum of the spectrum appears in the
region of 60 kHz, due to the occurrence of “ringing effect” of the HF stopper. After the signal
passes through the line wires, the maximum of the spectrum appears in the region of 140 kHz, and
a pulse delay of 135 us appears, which is determined by the covered distance of 40 km. When the
pulse passes back and forth twice (Fig. 6, f), a delay of 270 us appears, and the signal amplitude
decreases by about 10 times. The amplitude of the reflected signal (marked by a solid oval in Fig.
6, f) becomes comparable with the amplitude of the “ringing" (marked by a dashed oval in Fig. 6,
f) of the stopper.
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Fig. 6. Changes in the shape of the location signal (a) of a 2 ps duration (left column) and its spectrum
(right column) after passing through the elements of the HF path: b - HFC; ¢ - HFC and CF; g - HFC, CF and
HFS; d - after passing the HF path (HFC, CF, HFS and line wires) in one direction; e - after two-fold passing

the HF path back and forth; the solid oval marks the reflected signal, and the dashed line indicates the
“ringing” of the HFS

Distortion of various-duration pulses

The pulse energy is determined by its amplitude and duration. In the simulation model,
studies were conducted of the passage of rectangular pulses with a duration of 2—-12 us through the
40 km long HF path of the “Kutlu-Bukash — Rybnaya Sloboda” overhead line (Fig. 7).
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280 300 320 340 .
1, s / f.kHz
Fig. 7. Changes in the shape of location signals (left column) with durations of 2 (a), 4 (b), 6 (c), 8 (d), 10 (d),
12 ps (f) in the HF path of the 110 kV “Kutlu-Bukash — Rybnaya Sloboda” OHPL and their spectra (right
column); the solid oval marks the reflected signal, and the dashed line indicates the “ringing” of the HFS

500 1000

When changing the duration of the probe pulse, the shape of the reflected pulses changes.
At the minimum studied pulse duration t = 2 ps, the amplitude of the reflected pulse does not have
time to reach its possible maximum (Fig. 7, a), in contrast to pulses with long durations (Fig. 7, b-
C).

According to fig. 7, the probe pulse, when passing through the HF tract, “differentiates”, as
shown in Fig. 6. In this case, the pulses turn into responses in the form of several periods of
sinusoidal oscillation. In addition, damped oscillations (“ringing") are superimposed on the
reflected signals, marked by dashed ovals in Fig. 7(a—€), which are caused by a high-frequency
stopper, as was shown in Fig. 6.

With an increase in the pulse duration of more than 6 ps, the amplitude of the reflected
signals decreases (marked by solid ovals in Fig. 7), which is caused by the fact that the responses
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from the falling and rising edges of the probe pulse begin to diverge in time, turning into separate
responses.

Thus, pulses with T = 2—-6 ps, having the largest amplitude of the negative burst, are optimal
for high-voltage lines with a length of 40 km, which makes it easier to separate them from the
noise constantly present in the high-frequency path of power lines. An increase in the pulse
duration from 2 ps to 8 us causes an increase in the amplitude of the “ringing” of the airspace, with
a further increase in the pulse duration, the amplitude of the “ringing" practically does not change.

Moreover, the correlation coefficients of the reflected signals obtained experimentally and
during simulation for the durations of the probe pulses of 2-12 ps are at least 0.9, which confirms
the adequacy of the developed simulation model.

To study the responses from the falling and rising edges of the pulse, model studies of passage
of pulses with a duration of more than 200 us were performed (Fig. 8). For such duration of the probe
pulse, the response from the falling edge comes after the oscillatory processes caused by the leading
edge of the pulse have completely decayed.

U, pu. S, p.u.
0.z 0.04 y

0.02 §

[
280 200 220 340 b 0 500 1000
t, s /. kHz
Fig. 8. Responses to the rising (a) and falling (b) edges of the probe pulse with a duration of 200 ps in the HF
path of the 110 kV “Kutlu-Bukash — Rybnaya Sloboda” OHPL (left column) and their spectra (right column);
the solid oval marks the reflected signal, and the dashed line indicates the “ringing” of the HFS

As it is seen from fig. 8, the reflections of the rising and falling edges of the probe pulse
differ only in polarity, while their spectra also completely coincide. In this regard, by varying the
pulse duration, it becomes possible to suppress the HFS "ringing™ or to increase the amplitude of
the reflected signal to a maximum.

Figure 9 shows the reflected signals for pulse durations of 4.8 ps and 17.6 ps. In the first
case, due to the superposition of the reflection from the rising and falling edges, an almost twofold
increase in the reflected signal amplitude is achieved (see Fig. 8). In the second case due to the
mixing of reflections from the fronts for the period of “ringing” oscillations (17.6 us) the “ringing”
from the rising edge is compensated by “ringing” from the falling edge, while the reflected signal
separates the reflections from the rising and falling edges of the probe pulse.

Investigations were carried out on the existing 110 kV “Kutlu-Bukash — Rybnaya Sloboda”
OHPL of 40 km length. A comparison of the results of model calculations with experimental data
shows that the main patterns of transformation of the reflected pulses’ shape with a change in its
duration coincide. The response from the rising edge of the signal pulse stably maintains its
position on the time axis of the reflectorgam. Moreover, it is practically independent of the
duration of the probe pulse. The reflected pulse with its short duration is the sum of two responses
from the rising and falling edges. With increased pulse duration, these responses diverge in time
and are not summed. Therefore, a subsequent increase in the pulse duration does not lead to an
increase in the amplitude of the reflected signal, but can be used to suppress the “ringing” of the
HF line path.
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Fig. 9. Reflected signals (left column) at optimal probe pulse durations of 4.8 us (a) and 17.6 ps (b) in the HF
path of the 110 kV “Kutlu-Bukash — Rybnaya Sloboda” OHPL and their spectra (right column); the solid oval
marks the reflected signal, and the dashed line indicates the “ringing” of the HFS

Distortion of reflected signals when ice deposits appear

When ice deposits appear on the wires, the conditions of signal propagation along the HF
paths of the overhead lines change: the propagation speed of electromagnetic waves decreases,
causing a delay At of the location signals, and additional attenuation Aa appears due to dielectric
losses in ice.

Figure 10 shows the change dynamics of delay At and attenuation Aa of the reflected
location signals in the HF path of the 110 kV “Kutlu-Bukash — Rybnaya Sloboda” OHPL for
December 23-24, 2016. During this period, intense icing occurred on the wires of overhead power
transmission lines. The growth of icy deposits continued around 30 hours; by 1 p.m. on December
24, the maximum thickness of ice deposits was about 8 mm. Deposits remained on the wires until
9 a.m. on December 25, after which their sizes began to decrease naturally, and in a week, the wire
line was completely cleared of ice.

Sections of seven reflectograms for the period of December 23-24, 2016 were analyzed to
study changes in the shape of location pulses during icing. The reflectogram measuring times are
marked with bold dots | — VII in Fig. 10.

Fig. 11 shows sections of reflectograms of HF path of the 110 kV “Kutlu-Bukash —
Rybnaya Sloboda” OHPL. To illustrate the changes in the reflected pulses, the intervals At;
indicate the positions of the reflected signals peaks relative to 260 ps (the beginning of the time
window for searching of the reflected signal in the reflectogram of this overhead line). In this case,
the signal delay Ar; is connected with the interval Ati via relation At; = At; — At;.

AT, us VI VII
Mhﬂm-m’
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Fig. 10. Dynamics of changes in delay At (a) and attenuation Aa. (b) of the reflected location signals in the HF
path of the 110 kV “Kutlu-Bukash — Rybnaya Sloboda” OHPL for December 23-24, 2016

Fig. 11 shows a decrease in the amplitude of the reflected signal both on reflectograms and on
their spectra. Initially, the spectrum of the reflected signal is concentrated in the frequency range 50—
150 kHz with a maximum at a frequency of 90 kHz. With the formation of ice deposits, the duration
of the reflected signals increases and the maximum of the spectrum of the reflected signal shifts to
lower frequencies by 70-80 kHz, this is due to the fact that the components of the signal at higher
frequencies decay faster than the signal components at low frequencies [12].

Also, a tendency toward an increase in the reflected signals delay as ice builds up on the wires
is observed in Fig. 11. In the absence of ice deposits on the wires, the time of location pulse
propagation (Fig. 11, a) is approximately 270 ps, and it gradually increases as ice builds up, and
reaches 287 us (Fig. 11, g).

The maximum changes in delay and attenuation for Fig. 11, g were 17 ps and 19 dB. In this case, the

amplitude of the reflected signals decreased from approximately 2 V to 0.15 V. Table 1 shows the
attenuation and delay of signals for these seven reflectograms.

Table 1

Changes in attenuation and delay of location signals with ice growing

MeasurementNo. | I | 1 | m | wv | v [ vi]| vn
Date, 23.12.2016 24.12.2016

time 00:30 | 15:30 | 20:45 | 01:50 | 06:00 | 9:50 | 13:00

Delay A, us 0 3 6 9 12 15 17

Attenuation Aa, dB 0 4 8 11 14 17 19

The maximum dimensions (wall thickness) of the ice clutch, according to calculations,
amounted to about 8 mm, such deposits are not able to cause wire breakage. Therefore, the
removal of ice deposits in this case was not performed, and they disappeared naturally in the next
6-7 days.
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Fig. 11. Changes in reflected location signals in the HF path of the 110 kV “Kutlu-Bukash — Rybnaya Sloboda” OHPL
(left column) and their spectra (right column) for the period from December 23-24, 2016 when ice is formed on the
wires (moments of reflectogram measurement a-g are marked with points | — V11 in Fig. 10)

Conclusions

The changes of location signal shapes during the passage of the elements of the high-
frequency path were studied using a simulation model. The developed simulation model for the
propagation of broadband probe pulses through narrow-band HF paths of OHPL makes it possible
to determine the distortion of location pulses depending on their shape and duration. Elements of
high-frequency path make a filtering impact on the broadband location signal. As a result, in this
example the spectrum width of the reflected location signal is narrowed significantly from 1000

kHz to 200 kHz.
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Analysis of the passage of pulses of different durations showed that the optimal pulse
duration can be selected based on two criteria: minimizing the oscillatory processes caused by the
high-frequency stopper, or maximizing the amplitude of the reflected location signal. The probe
pulses durations will be determined either by the period of the oscillatory process caused by high-
frequency stopper or by the half-period of the center frequency of the reflected location signal.

Analysis of changes in the parameters of reflected location pulses during ice formation
showed that ice deposits cause a decrease in the propagation speed of location signals, which leads
to a delay in reflected signals, in addition, ice causes significant attenuation of location signals,
while the high-frequency components decay faster, which leads to a gradual shift of central

frequency of the reflected location signals spectrum to the low-frequency region.
The research results are used to optimize the parameters of the probe pulse signals of the

location software and hardware complex.

The author is grateful to R.G. Minullin, Yu.V. Piskovatsky, M.R. Yarullin, as well as to the
staff of the Volga electric networks (JSC “Grid Company ”, Tatarstan) for their help in conducting

experiments and analyzing the results.
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