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ANALYSIS OF SWITCHING MODES TRANSIENT
PROCESSES IN HIGH-VOLTAGE ELECTRICAL
NETWORKS

The article is devoted to the analysis of transient processes in high-
voltage electric networks under various switching modes. The parameters
of this process are individual for each object and, moreover, even for
each specific switching. Transient processes in switching modes create
electromagnetic fields that cause interference and overvoltage in the
secondary network and even in the internal circuits of the power supply
system. This can lead to failures in operation and damage to electrical
equipment. To assess the impact of switching processes on the operation
of electrical equipment, a single-line diagram is considered and the
characteristics of the electrical equipment included in the power supply
system of the « Yuzhnayay substation of «Shubarkol Komir» JSC are given.
The switching processes that occur when turning on/off the feeder, turning
on the load, emergency load shedding, as well as emergency disconnection
of the feeder under load are considered. The parameters of the processes
under consideration are calculated based on the switching processes. To
analyze the characteristics of these transient processes, a mathematical
model of the power supply system is developed and its modeling is carried
out. Time diagrams of voltage on the feeder are given. Based on the data
obtained, switching modes in electrical networks were determined that had
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the most negative impact on the operation of electrical equipment, both as
a whole and on its various parts.

Keywords: Power supply system, electrical networks, switching modes,
transient processes, high-frequency overvoltages, mathematical model.

Introduction

Switching interference is caused by changing the load. In electrical networks,
distribution devices and electrical equipment chains the causes of electromagnetic
effects that have a detrimental effect on automatic and automated systems for
technological control of electrical facilities are [1]:

— transients in high-voltage circuits, which occur when switching of circuit
breakers and disconnectors, short circuits, and when overcurrent limiters are
activated;

— electrical and magnetic fields of industrial frequency generated by power
equipment of stations and substations;

— transient processes in substation grounding devices caused by industrial
short-circuit currents and lightning currents;

— fast transition processes in low voltage inductive circuits; transition
processes in chains of different classes of voltage when lightning strikes directly
into or near the object;

— static electricity discharge;

— electromagnetic disturbances in the operational current circuits.

— Investigation of switching interference is possible by experimental way, as
well as by mathematical or simulation modelling methods.

Materials and methods

To simulate the operation of transition processes occurring in the substation
«Yuzhnayay» JSC «Shubarkol Komir», figure 1 presents a single-line power supply
scheme of the substation.
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Figure 1 — Single line substation power supply circuit.

The «Yuzhnayay substation has one incoming feeder and 5 waste feeders, one of
which is in reserve. The remaining 4 provide electricity to various electrical equipment
along the power lines. The 35 kV voltage is supplied to the substation via a high-voltage
overhead power line. The voltage conversion from 35 kV to 6 kV is produced by a

transformer of the TM-10000 kVA 35/6.

The application programming package MATLAB SIMULINK is used to
create a simulation model of substation’s electricity supply [2].
The method was used to calculate the parameters of the TM-10000 kVA
35/6 transformer [3]. Based on reference data, calculated using the mathematical
software MathCad [4]. The calculation results are shown in table 1.

Table 1 — Calculation data of the transformer TM-10000 kVA 35/6

Transformer parameter

Estimated for TM-10000 kVA 35/6

Active resistance of windings. Ohm 0.398/0.012
Full resistance to wrapping. Ohm 4.594
Inductive winding resistance. Ohm 4.576
Inductance of windings. Road 0.015
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Full power loss in transformer idle mode. kVA 80

1No-magnetizing transformer power. kVar 78,670
Active resistance of the magnetization circuit. Ohm 84480
Inductive resistance of the magnetization circuit. Ohm 15570
Inductance of the magnetization circuit. Hn 49.565

For the construction of model cable lines and overhead power lines used
ready-made units [2]. Active resistance and specific inductive resistance, taken
from reference data [3; 4; 5].

Inductance values of cable and overhead power lines are found from the
expression:

(D
where: x -the specific inductive resistance, Ohm;
f — power frequency, Hz.
The capacity of the overhead power line is defined by the expression:

2

where b0 — specific capacitive conductance, Sm/km.

The capacity of cable lines is selected according to the voltage and cross-
sectional area of the conductor. The capacitance conductivity of overhead cable
lines is in the range (2,6 ... 2,8) 10-6 cm/km [6]. The capacity of overhead cable
lines is therefore 8.28-10-9 F/km [6]. Parameters required for the cable line model
are presented in table 2.

Table 2 — Cable Characteristics

. . AaSVU- C F E
Line Options 3x120 AS-120 AS-50 3x35 CAE 3x50 | CO3x70
Resistance of the direct
and zero sequence line, | 0,258 0.2440 0.5951 0,54 0.39 0,28
Ohm/km
The inductance of the 10- 10-
direct and zero se- | 0,191:10°3 1,162:10 1,21610-3 2’277 10 0,264-10°3 | 0,255-10-3
quence line, Hn/km
Directand zeroline se- | ¢ ¢, o 828109 | 8.28:10-9 | 0,31 036 0,40
quence capacity, F/km

The availability of different electrical equipment connected to the substation
allows modelling with different load parameters. As the electric excavator motors
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are connected directly to the high voltage, the corresponding electric motors are
used as loads.

The reference data is used for calculation of parameters of electric motor
replacement scheme [7; 8; 9]. The input data for building the modelled electric
motors are presented in table 3.

Table 3 — Input data for the construction of electric motor models

Electrical equipment | g 50 | gorogp ECG-4U ESH-10/70
name

Motor type ?1?2_400 I- SDEO-14-29-6 | AE113-4M SDE2-16- 46-6U2
Rated power, kWt 250 560 250 1250
Nominal linear volt- 6000 6000 6000 6000

age. V

Magnetic field rotation 1500 1000 1480 1000
speed, rpm

Efficiency factor, % 94.5 93.8 92 96

Rated power factor 0.89 0,9 0.905 0,9
Max'lmum moment 2.7 5 2.7 21
fraction

Tr1gger moment mul- 12 0.7 12 0.8
tiplicity

Starting current ratio | 6.5 6.5 6.5 6.2
Moment of inertia,

Kg-M2 400 PO 400 370

Active resistance of the

seed layers of the stator | 3,014 1,631 1,754 0,184
winding, Ohm

Simulation of the switching interference modelling under different operating
modes of electrical equipment. For investigation of switching interference arising
from high-voltage circuit breakers, a substation simulation model (figure 2) was
developed using MatLab Simulink software based on the single-line supply scheme
shown above (figure 1).

For easy viewing of the model as a whole, we have developed the following
model blocks:

— substation unit (35/6) containing the vacuum circuit breakers of the
substation;

—unit of high-voltage lines (Line), containing in itself overhead power lines,
with parameters selected according to reference data;

— electrical equipment unit (ECG, ECT, ESH (Table 3)) containing models
of electric motors excavators serving as a main load.
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Figure 2 — Substation Simulation Model

The voltage to the feed transformer is supplied by a three-phase AC voltage
source. Next, the substation unit whose switches are controlled by single step effects
(Time), which are started at a certain time. The voltage is transmitted on power
lines (Line), to the corresponding YaKNO (cell of the quarry outdoor installation).
The control of the cell switches is also done with the help of single step effects
(Time). The voltage is then applied to electrical equipment (EKG, ESH) whose
main power consumers are asynchronous or synchronous motors [10; 11].

Results and Discussion

To evaluate the impact of switching processes on electrical equipment,
consider the following modes: switching processes occurring when the feeder
is turned on/ off, load switching (including simultaneous switching of different
loads connected to one feeder), the accidental load-off and the accidental off of
the loaded feeder. The switching of electric motors is considered as a load.

Figure 3 shows a stress oscillation showing the mutual effect of the feeders
on each other when load is switched on.
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Figure 3 — Transition Process Occurring On The Feeder When Another Feeder
Is Switched On Within A Substation

As shown by the presented oscillation and calculations, the change in signal
amplitude at the feeder of the substation is about 1458 V and is represented as
fading vibrations with a frequency of about 20 kHz. However, when zoomed in
you can see the high frequency component (figure 4). The signal frequency on the
feeder under load when another feeder is switched on is 595 kHz.

Figure 4 — Form of the signal for overvoltage

Figure 5 shows the oscillation of the load on the feeder when the load is
connected.
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Figure 5 — Transition process occurring on the feeder at load connection

The presented oscillation shows a change in signal amplitude at the feeder
of the substation, which is about 1795 V and is represented as fading oscillations
with a frequency of about 20 kHz.

Figure 6 shows a stress oscillation showing the effect of the switching process
on the feeder while simultaneously including different loads.

Figure 6 — Transition process occurring on the feeder when switching on
different loads
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As shown by the presented oscillation, the change of voltage on the feeder
of the substation is the fading of initial amplitude oscillations around 3000 V with
a frequency around 45 kHz.

Figure 7 shows the oscillation of voltages, in case of an emergency
disconnection of one of the feeders of the substation under load.

Figure 7 — Transition process occurring on the feeder at time
of emergency shutdown

When the load is switched off, as in previous experiments, a switching
overvoltage due to inductive currents occurs. Overvoltage is manifested as fading
oscillations with a frequency of about 20 kHz. Based on the first law of switching
current in the circuit can not be changed in a leapfrog, that is, the current before
switching is equal to the current after switching [12; 13]. Also, according to the law
of electromagnetic induction, the proportion of the network voltage that balances
electromotive force self-induction is determined by the expression [14; 15]:

di
U=1L - 3)
where L — Inductance of the circuit, Hn;
di/dt — Current change rate.

It follows that even with small currents, dangerous overvoltages can occur
due to very short transition time or current change rate (figure 8).
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Figure 8 — Transition process occurring on the feeder at the moment
of load disconnection

As shown in Figure 8, at the beginning of the transition process, voltage
amplitude on one of the phases reaches a value of 442.7 kV, with a transition
time of about 2 milliseconds. You can also see that different phases show different
voltage amplitude. There is no phase shift on two phases due to load asymmetry
and different time of switching off individual phases (this property is inherent in
vacuum circuit breakers).

The main results of the modelling are presented in table 4.

Table 4 — Effect of switching processes on the state of the feeder

Mode of operation Voltage amplitude, kV | Frequency. kHz
Feeder Switching On 1,458 595

Load Switching On 1,795 20

Two Types of Load Switching On 3,000 45

Feeder Emergency Shutdown 1,000 1200

Load Emergency Shutdown 4427 20

Based on the data of table 4, a histogram of the influence of different switching
modes on the state of the feeder is constructed, shown in figure 9. By the histogram
it can be seen that the most negative effect is caused by the accidental disconnection
of both the feeder and the load.

158



TopaiireipoB yHHBepcuTeTIHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepuscol. Ne 3. 2025

Figure 9 — Diagram of the effect of switching modes on the feeder

Conclusions

Based on the obtained data, the greatest influence on the processes occurring
in electrical equipment is emergency shutdowns. Switching overvoltages, resulting
from the occurrence of a transient process in the electrical network, have a
detrimental effect on the operation of electrical equipment, both as a whole and
on its various parts.
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ZKOTAPBI BOJBTI DJIEKTP KEJIJIEPIHAET'T AYBICY
HNPOUHECTEPIH TAJIJIAY

Maxana opmypni kommymayus pesrcumoepinoezi Jco2apsl 601bMMbl
anekmp oiceniiepindeci emneni npoyecmepdi manidayza apuanzaw. bByn
npoyecmiy napamempiepi opoip ob6vekm yuiin dicexe 0oabIn MabwvLIadbl
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JICOHe OHbIH yCmiHe, minmi 9poip Hakmul Kommymayus ywin. Komwymayus
peodicumoepinoeci emneni npoyecmep KAumanama dicenioe dHcoHe minmi
IeKMPMEH HcabObIKMAy HCyUueciniy ikl mizbekmepinoe Kedepeiiep MeH
ACKbIH KepHey myOblpamuli 2JeKMpoMAazHUmmix epicmepoi dcacatiovl. by
EKMP HCADObIZbIHBIY OYZbLIYBIHA JHCOHE 3AKLIMOALYbIHA OKELYT MYMKIH.
Kommymayus npoyecmepiniy a1ekmp dcaboblabiibll JCYMbICLIHA ICEPIH
bazanay ywin 6ip cwizblkmbl ouazpamma Kapacmoipulivin, «Lllybapxen
Komipy AK «FOoxuchas» Kocankvl CMaHyusiCoIHbIH JRKMPMEH HCAOObIKMAY
Jcytiecine Kipemin 24eKmp HcabObIKMAPLIHbIY CURAMMAMALAD b
keamipineen. @uoepoi Kocy/owipy, HCyKmi KOcy, JHCyKmMeMeHi a8apusiiiblK,
adCeIpany HcoHe JHcykmeme Kesinoe Quoepoi asapusiivlk adcblpamy Kesinoe
bonamuln KoMmymayus npoyecmepi Kapacmuipvliadvl. Kapacmulpulivin
omuvlpean npoyecmepoiy napamempiepin ecenmey KOMMYmayus
npoyecmepi HeeiziHOe dcypeizindi. Kepcemineen emneni npoyecmepoin
CUNAMMAMANAPLIH MA0AY YWIH TeKMPMeEH AHcabOblKmay icyueciniy
MameMamuKaiblk MOOeli HCACANbIN, OHbL MOOelboey JHCYypeizinoi.
Quoepoeei kepHeyOin yaKblmua OUazpammanrapsl KeimipineeH. Anvinzan
Monimemmep He2i3iHOe IJIeKMp HcAOObI2bIHBIY JHCYMbICLIHA MYMACAll
an2anoa 0a, OHvlH opmMypii beNIKmepiHoe 0e ey HCazblMCbl3 dcep ememiH
INEKMP HCENIePIHOe2l KOMMYMAYUS PEHCUMOEPI AHBIKMANObL.

Kinmmi co30ep: snekmpmen scabobikmay sHcytiect, sieKmp yHceniiepi,
KOMMYMayusi pexcumoepi, omnesi npoyecmep, Hco2apvl HCULNIKMI ACKbIH
KepHeyiep, MamemMamuKaiblK MOOeb..
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AHAJIN3 NEPEXOJAHBIX TPOOECCOB PEXXKUMOB
KOMMYTAIIMHU B BBICOKOBOJIBTHBIX
SJEKTPUYECKHUX CETAX

Cmambsi nOCésWeHa ananu3y NEPexoOHbIX NPOYECCO8 8 JIKMPUUECKUX
CemsiX 8bICOKO20 HANPANCEHUS, NPU PAZTUYHBIX KOMMYMAYUOHHBIX DEHCUMAX.
Tapamempor 5moeo npoyecca uHOUBUOYATbHYL OJIsl KANHCO020 00bEKma U,
bosree mozo, oavice 0Jis KANHCOOU KOHKpemuou kommymayuu. [lepexoonvie
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npoYeccovl 8 KOMMYMAYUOHHBIX PENCUMAX CO30AION INEKMPOMASHUMHbIE
noJs, 6bl3bl8ANOWUE HABGOOKU U NEPEHANPAICEHUSI 80 GMOPUUHOU
cemu u 0ajice 80 GHYMPEHHUX YENAX CUCMEMbl DIeKMPOCHADNCEHUS.
Omo mooicem npugecmu K omKazam 8 pabome u nOBPeIHCOEHUIO
eKMPo0Oopy008anust. J{is OYeHKU GIUSHUS KOMMYMAYUOHHBIX NPOYECCO8
Ha pabomy 2ieKmpoobOpyO0BaAHUsL pACCMOMPEHA OOHONUHEUHASI cXeMd
U npugedeHbvl XapaKkmepucmuru 3JeKmpoobopyoosanus, 6xo0saue2o 8
cucmemy snrekmpocHabxcenust noocmanyuu «FOxcnasy AO «lllybapxons
Komupy. Paccmompenvt kommymayuonnvle npoyeccol, 03nuKanuue
npu BKIIOYEHUU/OMKIIOUeHUY uoepa, BKII0YEHUU HAZPY3KU, A8apUliHoe
OMKAIOYEHUEe HASPY3KU, d MaKdce asapuiinoe omkuodenuu guoepa,
Haxoosauje2ocs noo Hazpy3kou. Pacuem napamempos paccmampugaemuix
npoyeccos ocywecmenen Ha OCHO8AHUU NPOYECCO8 KOMMYMAyuu.
Jns ananuza xapakmepucmuk yKA3aHHbIX NEPexoOHbIX NPoYeccos
pazpabomana Mamemamuieckas Mooeib CUCTeMbl dIeKMPOCHADICEHUs
u nposedeno ee moodenuposanue. Ilpugedenvl gpemeHHble OUASPAMMbL
Hanpsadicenusi Ha pudepe. Ha ocnoseanuu noyueHnbix OauHbLX, OnpeoeieHbl
pedcumMbl KOMMYMAYUU 8 dIeKMPUYECKUX cemsx, okasvleaguiue Haubonee
He2amueHoe 6usiHue Ha pabomy 21eKkmpoobopyO08anus, KaK 6 Yeaom, max
U Ha pasiuyHble ee Yacmu.

Knrouesvie cnosa: cucmema snekmpocrabicenust, d1eKmpudeckue cemu,
KOMMYMAYUOHHbIE PEHCUMbL, NEPEXOOHbBLE NPOYECCHI, BLICOKOYACMOMHbIE
NepeHanpsadiIcenUs, MamemMamuieckas Mooeb.
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